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IMPORTANT NOTICE 

Texas Instruments (TI) 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. ' 

TI warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality 
control techniques are utilized to the extent TI 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 TI products in such applications is understood to be fully at the risk of the customer. 
Use of TI products in such applications requires the written approval of an' appropriate TI officer. 
Questions concerning potential risk applications should be directed to TI through a local SC 
sales office. 

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. 

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

Copyright © 1997, Texas Instruments Incorporated 

Printed in U.S.A. by 
Custom Printing Company 

Owensville, Missouri 



INTRODUCTION 

Texas Instruments (TI) offers an extensive line of industry-standard and leadership operational amplifier and 
comparator products. The technologies represented in this book include traditional bipolar through BiFET, 
Excalibur, LinCMOSTM, Advanced LinCMOSTM, and LinBiCMOSTM processes. 

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

• Audio Power Amplifiers: Low Voltage, Low Power, High Output Power, and Low Distortion 
• Precision, Self-Calibration (Self-Cal]) Amplifiers 
• Advanced LinCMOS: Rail-to-Rail Output, High Output Drive, Low Noise, and Low Voltage 
• Intemally Compensated Amplifiers: Single, Dual, and Quadruple 
• Noncompensated Amplifiers: Single and Dual 
• Excalibur: High Speed, Low Power, Precision, JFET Input, High Output Drive, and Low Noise 
• Various Temperature Ranges: Commercial, Industrial, Automotive, Military, and Extended 

AUDIO POWER AMPLIFIERS 

Since the release of our last databook, Texas Instruments has introduced several members of our new audio 
power-amplifier product line. These devices are denoted with the TPA (TI Power Amplifiers) prefix and offer 
the designer high-fidelity output for low-voltage applications. Several products are optimized for 3-V and 5-V 
operation and offer shutdown capability for extended life in battery-powered applications. Typical distortion 
levels are <1 % THD+N and along with high ac power supply rejection ratio (PSRR) provide the user with high
fidelity outputs. 

FEATURES IN THIS BOOK 

• New audio power amplifier product line (TPAxxxx) 
• New additions to our low-voltage CMOS rail-to-rail output operational amplifier family 
• Amplifier and comparator products available in the SOT-23 package 
• Precision Self-Calibration (Self-Cal]) amplifier products 
• New family of ultra-fast, low-power comparators 
• Expanded product characterization over supply voltage and temperature 
• Complete mechanical specifications 

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 con
secutively across volumes (Sections 1,2,3, and 4 are in Volume Aand sections 5, 6, 7, 8, and 9 are in Volume 
B). Thus, the reader can easily find the particular volume for a given device. 

Due to the great number of devices available from TI, the selection guide for the operational amplifiers is bro
k~n down into nine primary categories with a complete alphanumeric listing at the end. The audio power am
plifier, comparator and special function selection guides are a complete alphanumeric listing. The cross refer
ences in Section 1 help to identify devices that are comparable to other manufacturers and older TI parts. 

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

LinCMOS, Advanced LinCMOS, LinBiCMOS, and Self-Cal are trademarks of Texas Instruments Incorporated. 

v 



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

Texas Instruments Incorporated 
Literature Response Center 
P.O. Box 809066 
Dallas, Texas 75380-9066 

Also, please visit us on the world wide web at www.ti.com. 

vi 
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ALPHANUMERIC INDEX 

LF347 ............................... 3-3 LM2903 ............................ 7-27 
LF347B .............................. 3-3 LM2903Q ........................... 7-27 
LF351 ............................... 3-5 LM2904 ............................ 3-29 
LF353 ............................... 3-7 LM2904A ........................... 3-29 
LF411C .............................. 3-9 LM2904Q ........................... 3-29 
LF412C .............................. 3-11 LM3302 ............................ 7-45 
LM111 ............................... 7-3 LM3900 ............................ 3-43 
LM118 .............................. 3-13 LP111 .............................. 7-49 
LM124 .............................. 3-17 LP211 .............................. 7-49 
LM124A ............................ 3-17 LP239 .............................. 7-53 
LM139 .............................. 7-19 LP311 .............................. 7-49 
LM139A ............................ 7-19 LP339 .............................. 7-53 
LM148 .............................. 3-25 LP2901 ............................. 7-53 
LM158 .............................. 3-29 LT1013 ............................. 3-51 
LM158A ............................ 3-29 LT1013A ............................ 3-51 
LM193 .............................. 7-27 LT1013D ............................ 3-51 
LM193A ............................ 7-27 LT1013Y ............................ 3-51 
LM211 ............................... 7-3 MC1458 ............................ 3-75 
LM218 .............................. 3-13 MC1558 ............................ 3-75 
LM224 .............................. 3-17 MC3303 ............................ 3-79 
LM224A ............................ 3-17 MC3403 ............................ 3-79 
LM239 .............................. 7-19 NE555 ............................... 8-3 
LM239A ............................ 7-19 NE555Y ............................. 8-3 
LM248 .............................. 3-25 NE556 .............................. 8-17 
LM258 .............................. 3-29 NE5532 ............................ 3-85 
LM258A ............................ 3-29 NE5532A ........................... 3-85 
LM293 .............................. 7-27 NE5534 ............................ 3-89 
LM293A ............................ 7-27 NE5534A ........................... 3-89 
LM306 ........................... " .. 7-33 OP07C ............................. 3-95 
LM311 ............................... 7-3 OP07D ............................. 3-95 
LM311Y ............................. 7-3 OP07Y ............................. 3-95 
LM318 .............................. 3-13 RC4136 ........................... 3-101 
LM324 .............................. 3-17 RC4558 ........................... 3-105 
LM324A ............................ 3-17 RC4558Y .......................... 3-105 
LM324Y ............................ 3-17 RM4136 ........................... 3-101 
LM324x2 ........................... 3-39 RM4558 ........................... 3-105 
LM339 .............................. 7-19 RV4136 ........................... 3-101 
LM339A ............................ 7-19 RV4558 ........................... 3-105 
LM339Y ............................ 7-19 SA555 ............................... 8-3 
LM339x2 ........................... 7-41 SA556 .............................. 8-17 
LM348 .............................. 3-25 SE555 '" ............................. 8-3 
LM358 .............................. 3-29 SE555C ............................. 8-3 
LM358A ............................ 3-29 SE556 .............................. 8-17 
LM358Y ............................ 3-29 SE556C ............................ 8-17 
LM393 .............................. 7-27 SE5534 ............................. 3-89 
LM393A ............................ 7-27 SE5534A ........................... 3-89 
LM393Y ............................ 7-27 TL022 .............................. 3-111 
LM2900 ............................ 3-43 TL026 .............................. 8-21 
LM2901 ............................ 7-19 TL031 ............................. 3-115 
LM2901Q ........................... 7-19 TL031A ............................ 3-115 
LM2902 ............................ 3-17 TL032 ............................. 3-115 
LM2902Q ........................... 3-17 TL032A ............................ 3-115 

The devices in BOLD type are new to this data book. 
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TL034 ............................. 3-115 TL592B ............................ 8-43 
TL034A ............................ 3-115 TL712 .............................. 7-65 
TL034Y ............................ 3-115 TL714 .............................. 7-69 
TL051 ............................. 3-169 TL2828Y ........................... 3-337 
TL051A ............................ 3-169 TL2828Z ........................... 3-337 
TL051Y ............................ 3-169 TL2829Y ........................... 3-343 
TL052 ............................. 3-169 TL2829Z ........................... 3-343 
TL052A ............................ 3-169 TL3016t ............................ 7-73 
TL052Y ............•............... 3-169 TLV3016vt ......................... 7-73 
TL054 ............................. 3-169 TL3116t ............................ 7-83 
TL054A ............................ 3-169 TLV3116vt ......................... 7-83 
TL054Y ............................ 3-169 TLC139 ............................. 7-93 
TL061 ............................. 3-233 TLC251 ............................ 3-357 
TL061A ............................ 3-233 TLC251A .......................... 3-357 
TL061 B ............................ 3-233 TLC251 B .......................... 3-357 
TL061Y ............................ 3-233 TLC251Y .......................... 3-357 
TL062 ............................. 3-233 TLC252 ............................ 3-375 
TL062A ............................ 3-233 TLC252A .......................... 3-375 
TL062B ............................ 3-233 TLC252B .......................... 3-375 
TL062Y ............................ 3-233 TLC252Y .................... <. • • • •• 3-375 
TL064 ............................. 3-233 TLC25L2 .......................... 3-375 
TL064A ............................ 3-233 TLC25L2A ......................... 3-375 
TL064B ............................ 3-233 TLC25L2B ......................... 3-375 
TL064Y ............................ 3-233 TLC25L2Y ......................... 3-375 
TL064x2 ........................... 3-255 TLC25M2 .......................... 3-375 
TL070 ............................. 3-265 TLC25M2A ......................... 3-375 
TL071 ............................. 3-279 TLC25M2B ......................... 3-375 
TL071 A ............................ 3-279 TLC25M2Y ......................... 3-375 
TL071 B ............................ 3-279 TLC254 ............................ 3-395 
TL072 ............................. 3-279 TLC254A .......................... 3-395 
TL072A ............................ 3-279 TLC254B .......................... 3-395 
TL072B ............................ 3-279 TLC254Y .......................... 3-395 
TL074 ............................. 3-279' TLC25L4 .......................... 3-395 
TL074A ............................ 3-279 TLC25L4A ......................... 3-395 
TL074B ............................ 3-279 TLC25L4B ......................... 3-395 
TL074x2 ........................... 3-295 TLC25L4Y ......................... 3-395 
TL081 ............................. 3-307 TLC25M4 .......................... 3-395 
TL081A ............................ 3-307 TLC25M4A ......................... 3-395 
TL081 B ............................ 3-307 TLC25M4B ......................... 3-395 
TL082 ............................. 3-307 TLC25M4Y ......................... 3-395 
TL082A ............................ 3-307 TLC271 ............................ 3-415 
TL082B ............................ 3-307 TLC271 A .......................... 3-415 
TL082Y ............................ 3-307 TLC271 B .......................... 3-415 
TL084 ............................. 3-307 TLC272 ............................ 3-485 
TL084A ............................ 3-307 TLC272A .......................... 3-485 
TL084B ............................ 3-307 TLC272B .......................... 3-485 
TL084Y ............................ 3-307 TLC272Y .......................... 3-485 
TL084x2 ........................... 3-327 TLC27L 1 .......................... 3-521 
TL393 ...................... \ ......• 7-59 TLC27L 1 A ......................... 3-521 
TL393Y ............................. 7-59 TLC27L 1 B ......................... 3-521 
TL441A ............................ 8-29 TLC27L2 .......................... 3-551 

The devices in BOLD type are new to this data book. 
t This device is in the Advanced Information stage of development. 
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TLC27L28 ......................... 3-551 
TLC27M2 .......................... 3-583 
TLC27M2A ......................... 3-583 
TLC27M28 ......................... 3-583 
TLC274 ............................ 3-617 
TLC274A .......................... 3-617 
TLC2748 .......................... 3-617 
TLC274Y .......................... 3-617 
TLC274x2 ......................... 3-653 
TLC27L4 .......................... 3-669 
TLC27L4A ......................... 3-669 
TLC27L48 ......................... 3-669 
TLC27L4Y ......................... 3-669 
TLC27M4 .......................... 3-705 
TLC27M4A ......................... 3-705 
TLC27M48 ......................... 3-705 
TLC27M4Y ......................... 3-705 
TLC277 ............................ 3-485 
TLC279 ............................ 3-617 
TLC27L7 .......................... 3-551 
TLC27L9 .......................... 3-669 
TLC27M7 .......................... 3-583 
TLC27M9 .......................... 3-705 
TLC339 ............................. 7-93 
TLC339Q ........................... 7-93 
TLC352 ............................ 7-109 
TLC354 ............................ 7-117 
TLC354Y .......................... 7-117 
TLC371 ............................ 7-127 
TLC371Y .......................... 7-127 
TLC372 ............................ 7-137 
TLC372Q .......................... 7-137 
TLC372Y .......................... 7-137 
TLC374 ............................ 7-149 
TLC374Q .......................... 7-149 
TLC374Y .......................... 7-149 
TLC393 ............................ 7-161 
TLC393Y .......................... 7-161 
TLC551 ............................ 8-49 
TLC551Y ........................... 8-49 
TLC552 ............................ 8-61 
TLC555 ............................ 8-69 
TLC555Y ........................... 8-69 
TLC556 ............................ 8-81 
TLC556Y ........................... 8-81 
TLC1078 .......................... 3-741 
TLC1079 .......................... ,3-741 
TLC2201 ..... , . . . . . . . . . . . . . . . . . . .. 3-767 
TLC2201A ......................... 3-767 
TLC22018 ......................... 3-767 
TLC2201Y ......................... 3-767 
TLC2202 .......................... 3-767 

The devices in BOLD type are new to this data book. 
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TLC2202A ......................... 3-767 
TLC22028 ......................... 3-767 
TLC2202Y ......................... 3-767 
TLC2252 .......................... 3-821 
TLC2252A ......................... 3-821 
TLC2252Y ......................... 3-821 
TLC2254 .......................... 3-821 
TLC2254A ......................... 3-821 
TLC2254Y ......................... 3-821 
TLC2262 .......................... 3-875 
TLC2262A ......................... 3-875 
TLC2262Y ......................... 3-875 
TLC2264 .......................... 3-875 
TLC2264A ......................... 3-875 
TLC2264Y ......................... 3-875 
TLC2272 .......................... 3-931 
TLC2272A ....................•.... 3-931 
TLC2272Y ......................... 3-931 
TLC2274 ................ ; .....•... 3-931 
TLC2274A ......................... 3-931 
TLC2274Y ......................... 3-931 
TLC2652 .......................... 3-983 
TLC2652A ......................... 3-983 
TLC2652Y ......................... 3-983 
TLC2654 ......................... 3-1007 
TLC2654A ........................ 3-1007 
TLC2654Y ........................ 3-1007 
TLC2801Y ........................ 3-1031 
TLC2801Z ........................ 3-1031 
TLC2810Y ........................ 3-1043 
TLC2810Z ........................ 3-1043 
TLC2872Y ........................ 3-1065 
TLC2872Z ........................ 3-1065 
TLC3702 .......................... 7-177 
TLC3702Y ...................•...... 7-177 
TLC3704 ...............•.......... 7-199 
TLC3704Y ......................... 7-199 
TLC4501 ......................... 3-1081 
TLC4501A ........................ 3-1081 
TLC4501Y ........................ 3-1081 
TLC4502 ......................... 3-1107 
TLC4502A ........................ 3-1107 
TLC4502Y ........................ 3-1107 
TLE2021 ............................. 6-3 
TLE2021 A ........................... 6-3 
TLE20218 ........................... 6-3 
TLE2021Y ........................... 6-3 
TLE2022 .............................. 6-3 
TLE2022A ........................... 6-3 
TLE20228 ........................... 6-3 
TLE2022Y ........................... 6-3 
TLE2024 ............................. 6-3 
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TLE2024A ........................... 6-3 TLE2237 ........................... 6-375 
TLE2024B ........................... 6-3 TLE2237Y ......................... 6-375 
TLE2024Y .................... :...... 6-3 TLE2301 ........................... 6-405 
TLE2027 ............................ 6-59 TLE2662 ........................... 6-427 
TLE2027 A .......................... 6-59 TLE2682 ........................... 6-465 
TLE2027Y .......................... 3-59 TLS1233 ........................... 8-93 
TLE2037 ............................ 6-59 TLS1233Y .......................... 8-93 
TLE2037 A .......................... 6-59 TLS1255 ........................... 8-99 
TLE2037Y .......................... 6-59 TLV1391 ........................... 7-223 
TLE2061 ............................ 6-93 TLV1391Y ......................... 7-223 
TLE2061 A .......................... 6-93 TLV1393 ........................... 7-235 
TLE2061Y .......................... 6-93 TLV1393Y ......................... 7-235 
TLE2062 ............................ 6-93 TLV2211 ........................... 6-513 
TLE2062A .......................... 6-93 TLV2211Y ......................... 6-513 
TLE2062B .......................... 6-93 TLV2221 ........................... 6-541 
TLE2062Y .......................... 6-93 TLV2221Y ......................... 6-541 
TLE2064 ............................ 6-93 TLV2231 ........................... 6-567 
TLE2064A .......................... 6-93 TLV2231Y ......................... 6-567 
TLE2064B .......................... 6-93 TLV2252 .......................... 6-593 
TLE2064Y .......................... 6-93 TLV2252A ........................ .6-593 
TLE2071 ........................... 6-155 TLV2252Y ......................... 6-593 
TLE2071A ......................... 6-155 TLV2254 ........................... 6-593 
TLE2071Y ......................... 6-155 TLV2254A ......................... 6-593 
TLE2072 ........................... 6-155 TLV2254Y ......................... 6-593 
TLE2072A ......................... 6-155 TLV2262 ........................... 6-639 
TLE2072Y ......................... 6-155 TLV2262A ......................... 6-639 
TLE2074 ........................... 6-155 TLV2262Y ....................... :. 6-639 
TLE2074A ......................... 6-155 TLV2264 ........................... 6-639 
TLE2074Y ......................... 6-155 TLV2264A ......................... 6-639 
TLE2081 ........................... 6-225 TLV2264Y ......................... 6-639 
TLE2081A ......................... 6-225 TLV2322 ........................... 6-687 
TLE2081Y ......................... 6-225 TLV2322Y ......................... 6-687 
TLE2082 ........................... 6-225 TLV2324 ........................... 6-687 
TLE2082A ......................... 6-225 TLV2324Y ......................... 6-687 
TLE2082Y ......................... 6-225 TLV2332 ........................... 6-715 
TLE2084 ........................... 6-225 TLV2332Y ......................... 6-715 
TLE2084A ......................... 6-225 TLV2334 ........................... 6-715 
TLE2084Y ......................... 6-225 TLV2334Y ......................... 6-715 
TLE2141 ........................... 6-287 TLV2341 ........................... 6-743 
TLE2141A ......................... 6-287 TLV2341Y ......................... 6-743 
TLE2141Y ......................... 6-287 TLV2342 ........................... 6-793 
TLE2142 ........................... 6-287 TLV2342Y ......................... 6-793 
TLE2142A ......................... 6-287 TLV2344 ........................... 6-793 
TLE2142Y ......................... 6-287 TLV2344Y ......................... 6-793 
TLE2144 ........................... 6-287 TLV2352 ........................... 7-251 
TLE2144A .... ' ..................... 6-287 TLV2352Y ......................... 7-251 
TLE2144Y ......................... 6-287 TLV2354 ........................... 7-265 
TLE2161 ........................... 6-347 TLV2354Y ......................... 7-265 
TLE2161A ......................... 6-347 TLV2361 ........................... 6-823 
TLE2161B ......................... 6-347 TLV2361Y ......................... 6-823 
TLE2227 ........................... 6-375 TLV2362 ........................... 6-823 
TLE2227Y ......................... 6-375 TLV2362Y ......................... 6-823 

The devices in BOLD type are new to this data book. 
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TLV2393 ........................... 7-203 TPA1517t .......................... 2-29 
TLV2393Y ......................... 7-203 TPA1517yt ......................... 2-29 
TLV2432 ........................... 6-839 TPA4860 ........................... 2-41 
TLV2432A ......................... 6-839 TPA4860Y .......................... 2-41 
TLV2432Y ......................... 6-839 TPA4861 ................ . . . . . . . . . .. 2-67 
TLV2442 ........................... 6-875 TPA4861Y .......................... 2-67 
TLV2442A ......................... 6-875 1lA741 ............................. 6-909 
TLV2242Y ......................... 6-875 1IA733 ............................. 8-105 
TPA0102t ........................... 2-3 
TPA0102vt .......................... 2-3 
TPA302 ............................. 2-9 
TPA302Y ............................ 2-9 

The devices in BOLD type are new to this data book. 
t This device is in the Advanced Infomiation stage of development. 
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AUDIOPOWER·AMPLIFIER 
SELECTION GUIDE 

VDoNcc 
IDoIIcc OUTPUT 
(mAper 

DEVICE (V) 
channel) 

POWER 
mIn max 

typ 
(W) 

TPA0102t 3to 5.5 1.9 1.5 

TPA302 2.7105.5 4 0.3 

TPA1517t 6to 18 40 6 

TPA4860 2.7105.5 3.5 1 

TPA4861 2.7105.5 3.5 1 

AUDIO POWER AMPLIFIERS 

HEAD-
THD+N PSRR ISD 
@1kHz (dB) lILA) PHONE DESCRIPTION 

ENABLE 

0.2% 75 1 Yes 1.5-W stereo audio power amplifier 

0.06% 55 0.6 No 3OD-mW stereo audio power amplifier 

1% 62 No 6-W/ch. stereo audio power amplifier 

0.2% 56 0.6 Yes 1-W audio power amplifier 

0.2% 56 0.6 No 1-W audio power amplifier 
This device is in the Advanced Information sta e of develo men!. 9 P 
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INTRODUCTION 

OPERATIONAL AMPLIFIER 
SELECTION GUIDE 

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: 

• 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 (VIO), its temperature coeffiCient 
(aVIO), and long-term drift (~VIO)' In direct-coupled appliclitions, 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 S;1 mV. 
In the precision-operational-amplifiers specification table, these operational amplifiers are sorted in ascending 
order of VIOmax at 25°C; the aVIO 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 (VieR) that 
includes ground and outputs that can swing to or very near ground (VOL'" 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, Voomax for CMOS 
operational amplifiers is 16 V. No more than ±a 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 amplifier; 
output swing decreases as load increases. 
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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 (lIB) and is negligible in JFET-input (BiFET) and CMOS amplifiers. 
Voltage noise (V n) is noise generated by the amplifier due to the thermal noise of the channel resistance in JFET 
and CMOS amplifiers 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 kn, 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 either a CMOS 
or BiFET amplifier should be chosen. Amplifiers in the low-noise operational amplifier sections have Vn :;; 
15 nVlVHz. Current noise, though not specified, can be approximated by: 

In '" -../(2 x q x liB), where q = 1.6 x 10-19 

Low Voltage 

Low-voltage amplifiers operate with V CC or V DO :;; 3 V. Some CMOS amplifiers operate with V DO = 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/IlS. Slew rate is a 
function of and inversely proportional to supply current (Icc or 100); 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 1lA. This category 
is further broken down to delineate micropower amplifiers, or those with Icc or I DO :;; 250 1lA. 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 

5-10 

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. 
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DEVICE 

LT1013 

TLC251 (H) 

TLC251(M) 

TLC251(L) 

TLC252 

TLC254 

TLC25L2 

TLC25L4 

TLC25M2 

TLC25M4 

TLC271 (H) 

TLC271(M) 

TLC271(L) 

TLC272 

TLC274 

TLC2n 

TLC279 

TLC27L2 

TLC27L4 

TLC27L7 

TLC27L9 

TLC27M2 

TLC27M4 

TLC27M7 

TLC27M9 

TLC1078 

TLC1079 

TLC2201 

TLC2202 

TLC2252 

TLC2254 

TLC2262 

VDoNcc 
IDoIIcc 

(V) (mA per chan-

min max 
nel) 

typ max 

41044 0.32100.5 

1.41016 0.675101.6 

1.41016 0.105100.28 

1.41016 0.01 100.017 

1.41016 0.7101.6 

1.41016 0.n510 1.8 

1.41016 0.01 100.017 

1.41016 0.012100.021 

1.41016 0.105100.28 

1.410 16 0.125100.32 

31016 0.675101.6 

31016 0.105 10 0.28 

31016 0.01 10 0.017 

31016 0.7101.6 

31016 0.675101.6 

31016 0.710 1.6 

31016 0.675101.6 

31016 0.01 10 0.017 

31016 0.01 to 0.017 

31016 0.01 to 0.017 

310 16 0.01100.017 

31016 0.105100.28 

31016 0.105100.28 

3to 16 0.105100.28 

31016 0.105 to 0.28 

1.41016 0.01 100.017 

1.41016 0.01 100.017 

4.6 to 16 1101.5 

4.61016 0.85 to 1.3 

4.41016 0.03510 0.0625 

4.4 to 16 0.03510 0.0625 

4.41016 0.2 to 0.25 

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

VIO CMRR liB Vn 
Slew 

GBW 
(mV) (dB) (pA) (nVNHi) 

Rate 
(MHz) DESCRIPTION 

max range typ typ typ (V/IJ.S) typ 
typ 

0.25100.95 114 -15000 22 0.4 Dual precision low-power 

21010 80 0.6 25 3.6 1.7 Prog. low-voltage: high bias mode 

2to 10 91 0.6 32 0.43 0.525 Prog. low-voltage: medium bias mode 

21010 94 0.6 68 0.03 0.085 Prog. low-voltage: low bias mode 

21010 80 0.6 25 3.6 1.7 Dual low-voltage 

21010 80 0.6 25 3.6 1.7 Quad low-voltage 

21010 94 0.6 68 0.03 0.085 Dual micropower low-voltage 

21010 94 0.6 70 0.03 0.085 Quad micropower low-voltage 

21010 91 0.6 32 0.43 0.525 Dual low-power low-voltage 

21010 91 0.6 32 0.43 0.525 Quad low-power low-voltage 

21010 80 0.6 25 3.6 1.7 Prog. low-power: high bias mode 

21010 91 0.6 32 0.43 0.525 Prog. low-power: medium bias mode 

21010 94 0.6 68 0.03 0.085 Prog. low-power: low bias mode 

21010 80 0.6 25 3.6 1.7 Dual single supply 

21010 80 0.6 25 3.6 1.7 Quad single supply 

to 0.5 80 0.6 25 3.6 1.7 Dual precision single supply 

to 0.9 80 0.6 25 3.6 1.7 Quad precision single supply 

21010 94 0.6 68 0.03 0.085 Dual precision single supply micropower 

2to 10 94 0.8 70 0.03 0.085 Quad precision single supply micropower 

to 0.5 94 0.6 68 0.03 0.085 Dual precision single supply micropower 

100.9 94 0.6 70 0.03 0.085 Quad precision single supply micropower 

21010 91 0.6 32 0.43 0.525 Dual precision single supply low-power 

21010 91 0.6 32 0.43 0.525 Quad precision single supply jow-power 

100.5 91 0.6 32 0.43 0.525 Dual precision single supply low-power 

to 0.9 91 0.6 32 0.43 0.525 Quad precision single supply low-power 

1.6100.45 95 0.6 68 0.032 0.085 Dual micropower precision low-voltage 

1.9100.85 95 0.6 68 0.032 0.085 Quad micropower precision low-voltage 

0.2100.5 110 1 8 2.5 1.8 Low-noise precision rail-Io-rail output 

0.5101 110 1 8 2.5 1.9 Dual low-noise precision rail-Io-rail 

0.85101.5 83 1 19 0.12 0.2 Dual rail-Io-rail micropower 

0.85101.5 83 1 19 0.12 0.2 Quad rail-Io-rail micropower 

0.95 to 2.5 83 1 12 0.55 0.82 Dual advanced LinCMOS rail'lo-rail 

PAGE 
NO. 

3-51 

3-357 

3-357 

3-357 

3-375 

3-395 

3-375 

3-395 

3-375 

3-395 

3-415 

3-415 

3-415 

3-485 

3-617 

3-485 

3-617 

3-551 

3-669 

3-551 

3-669 

3-583 

3-705 

3-583 

3-705 

3-741 

3-741 

3-767 

3-767 

3-621 

3-621 

3-675 
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DEVICE 

TLC2264 

TLC2272 

TLC2274 

TLC2654 

TLC4501 

TLC4502 

TLE2021 

TLE2022 

TLE2024 

TLE2027 

TLE2037 

TLE2061 

TLE2062 

TLE2064 

TLE2071 

TLE2072·. 

TLE2074 

TLE2081 

TLE2082 

TLE2084 

TLE2141 

TLE2142 

TLE2144 

TLE2161 

TLE2227 

TlE2237 

TLE2301 

TLE2662 

TLE2682 

I TLV2211 

vDoNcc 
(V) 

min max 

4.41016 

4.41016 

4.4 1016 

±2.310 ±8 

4106 

4106 

±210±20 

±2 10 ±20 

±2 10 ±20 

±410±22 

±410±19 

±3.510±19 

±3.510±19 

.. ±3.510±19 

±2.2510±19 

±2.2510±19 

±2.2510 ±19 

±2.2510±19 

±2.2510±19 

.±2.25 10 ±19 

±210±22 

±210±22 

±210±22 

±3.510 ±19 

±410+19 

±4 to ±22 

±4.5to ±22 

3.51015 

3.51015 

2.71010 

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS (continued) 

IDoJICC 
VIO CMRR liB Vn 

Slew 
GBW 

(mA per chan-
(mV) (dB) (pA) (nVNHz) Rate . (MHz) DESCRIPTION 

nel) 
max range typ typ typ (V/IlS) 

typ 
typ max typ '. 

0.2100.25 0.95102.5 83 1 12 0.55 0.82 Quad advanced LinCMOS rail-Io-rail 

j.l 101.5 0.95102.5 75 1 9 3.6 2.18 Dual low-noise rail-Io-rail 

1.1 101.5 0.95102.5 75 1 9 3.6 2.18 Quad low-noise rail-Io-rail 

1.5102.4 0.01100.02 125 50 13 3.7 1.9 Low-noise chopper-slabilized 

1101.5 -{).08 10 0.08 100 1 12 2.5 4.7 Single seW-calibralingprecision 

1.25101.75 -{).1100.1 100 1 12 2,5 4.7 Dual self-calibraling precision. 

0.2100.3 0.2100.5 115 25000 15 0.65 2 Precision low-power single supply 

0.27510 0.35 0.15100.5 106 35000 15 0.65 2.8 Dual precision low-power single supply 

0.2625 10 0.35 0.5101 102 50000 15 0.7 2.8 Quad precision 10w-powersinglEfsupply 

3.8105.3 0.025100.1 131 15000 2.5 2.8 13 Low-noise precision 

3.8105.3 0.025100.1 131 15000 2.5 7.5 50 Low-noise high-speed precision decamp. 

0.29100.35 0.5103 90 4 40 3.4 2 JFET-inpul high'ciutput-drive micropower 

0.3125100.345 1104 90 4 40 3.4 2 Dual JFET-inpul high-oulpul-drive micropower 

0.312510 0.35 2106 90 4 40 3.4 2 Quad JFET-inpul lligh-oulpul-drive micropower 

1.7102.2 2104 98 20 11.6 45 10 Low-noise high-speed JFET-inpul 

1.55101.8 3.5106 98 20 11.6 45 10 Dual low-noise high-speed JFET-inpul 

1.425 10 1 .875 3105 98 25 11.6 45 10 Quad low-noise. high-speed JFET-inpul 

1.7102.2 3106 98 20 11.6 45 10 high-speed JFET-inpul 

1.55101.8 4107 98 20 11.6 45 10 Dual high-speed JFET-inpul 

1.62510 1.875 4107 98 25 11.6 45 10 Quad high-speed JFET-inpul 

3.5104.5 0.5100.9 108 -700000 10.5 45 5.9 Low-noise high-speed precision single sUpply 

3.45104.5 0.75101.2 108 -700000 10.5 45 5.9 Dual low-noise high-speed precision 

3.45104.5 1:5102.4 108 -700000 10.5 45 5.9 Quad low:noise high-speed precision 

0.29100.35 0.5103 90 4 40 10 6.4 
JFET-inpul high-oulpul-drive low-power decom-
pensaled ." 

3.65105.3 0.1100.35 115 15000 2.5 2.5 13 Dual low-noise high-speed precision 

3.65 to 5.3 0.1 to 0.35 115 15000 2.5 5 50 Dual low-noise high-speed preciSion decomp. 

2.2 to 3.5 0.4 to 10 97 260000 44 14 8 Excalibur 3-statEHlutpul wide-bandwidth power 

0.3125100.345 1105 90 4 40 3.4 2 
Dual J.lPOwer JFET-inpul with swilching-capaci-
lor vollage converter 

1.55101.8 0.9107.5 98 20 11~3 45 10 
High-speed JFET-inpul dual with swilching-ca-
pacilor voltage converter 

0.013100.025 103 83 1 22 0.025 0.065_ llingle~I:lo-_l"Iiil micropower _ 

PAGE 
NO. 

3-875 

3-931 

3-931 

3-1007 

3-1081 

3-1107 

6-3 

6-3 

6-3 

6-59 

6-59 

6-93 

6-93 

6-93 

.6-155 

6-155 

6-155 

6-225 

6-225 

6-225 

6-287 

6-287 

6-287 

6-347 

6-375 

6-375 

6-405 

6-427 

6-465 

6-513 
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vooNcc 
DEVICE (V) 

min max 

TLV2221 2.71010 

TLV2231 2.71010 

TLV2252 2.7108 

TLV2254 2.7108 

TLV2262 2.7108 

TLV2264 2.7108 

TLV2322 2108 

TLV2324 2108 

~ 
TLV2332 2108 

TLV2334 2108 

!il~~ 
~~~. 

i~~d ~~ 
~lTJ 

~~ 
~ 

I 

TLV2341 (H) 2108 

TLV2341(M) 2108 

TLV2341(L) 2108 

TLV2342 2108 

. TLV2344 2108 

TLV2361 ±110±2.5 

TLV2362 ±110±3.5 

TLV2432 2.71010 

TLV2442 2.71010 

T 
Co> 

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS (continued) 

loollcc VIO CMRR liB Vn 
Slew 

GBW 
(mA per chan-

(mV) (dB) (pA) (nVl~Hl) 
Rate (MHz) DESCRIPTION 

nel) (V/JUI) 
typ max 

max range typ typ typ 
typ 

typ 

0.11100.15 103 85 1 19 0.18 0.51 Single rail-Io-raillow-power 

0.85101.2 103 70 1 15 1.6 2 Single rail-Io-rail 

0.03410 0.0625 0.85101.5 75 1 19 0.1 0.187 Dual rail-Io-raillow-voltage micropower 

0.034 10 0.0625 0.85101.5 75 1 19 0.1 0.187 Quad rail-Io-raillow-voltage micropower 

0.2100.25 0.95102.5 75 1 12 0.55 0.67 Dual rail-Io-raillow-voltage low-power 

0.2100.25 0.95102.5 75 1 12 0.55 0.67 Quad rail-Io-raillow-voltage low-power 

0.006 10 0.017 1.1 109 88 0.6 68 0.02 0.027 Dual low-voltage micropower 

0.00610 0.017 1.11010 88 0.6 68 0.02 0.027 Quad low-vollage micropower 

0.08100.25 1.1109 92 0.6 32 0.38 0.3 Dual low-voltage low-power 

0.08100.25 1.11010 92 0.6 32 0.38 0.3 Quad low-voltage low-power 

0.325101.5 1.1108 78 0.6 25 2.1 0.79 Programmable low-voltage: high bias mode 

0.06510 0.25 1.1108 92 0.6 32 0.38 0.3 Programmable low-voltage: Med bias mode 

0.00510 0.017 1.1 108 88 0.6 68 0.02 0.027 Programmable low-voltage: low bias mode 

0.325101.5 1.1 109 78 0.6 25 2.1 0.79 Dual LinCMOS low-voltage high-speed 

0.325101.5 1.11010 78 0.6 25 2.1 0.79 Quad LinCMOS low-voltage high-speed 

1.75 to 2.5 1106 85 20000 8 3 7 Single high-performanC, low-voltage 

1.4102.25 1106 75 20000 9 2.5 6 Dual high-performanC, low-voltage 

0.1 to 0.125 0.95102 90 1 18 0.25 0.55 Dual wide-input-voltage, high-oulpul-drive 

0.75101.1 0.95102 75 1 16 1.4 1.81 Dual wide-input-voltage, hlgh-oulput-drive 

PAGE 
NO. 

6-541 

6-567 

6-593 

6-593 

6-639 

6-639 

6-687 

6-687 

6-715 

6-715 

6-743 

6-743 

6-743 

·6-793 

6-793 

6-823 

6-823 

6-839 

6-875 
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DEVICE 

TLC4501 

TLC4502 

TLE2024 

TLE2027 

TLE2037 

LT1013 

TLE2022 

TLC2201 

TLC2202 

TLE2021 

TLC1078 

TLE2141 

TLC1079 

TLC2252 

TLC2254 

TLV2252 

TLV2254 

TLE2142 

TLC2262 

TLC2264 

TLC2272 

TLC2274 

TLE2161 

TLV2262 

TLV2264 

TLV2432 

TLV2442 

VIO VIO 
CItY) (I1V) 

typ range max range 

-401040 -aOlo80 

-501050 -10010100 

500101000 

101020 2510100 

101020 2510100 

6010250 25010950 

7010150 15010500 

8010100 20010500 

8010100 500101000 

8010120 20010500 

160 450 

17510200 500 to 900 

190 850 

200 850101500 

200 850101500 

200 850101500 

200 850 to 1500 

275 to 290 750101200 

300 950102500 

300 950102500 

300 950102500 

300 950102500 

300 to 600 500 to 3000 

300 950 to 2500 

300 950 to 2500 

300 950 to 2000 

300 950 to 2000 

PRECISION OPERATIONAL AMPLIFIERS 

IDoIIcc CMRR SLEW GBW 
RATE (mA per channel) (dB) 
(V/1lII) 

(MHz) DESCRIPTION 
typ max typ 

typ 
typ 

1101.5 100 2.5 4.7 Single self-calibrating precision 

1.25101.75 100 2.5 4.7 Dual self-calibrating precision 

0.262510 0.35 102 0.7 2.8 Quad precision low-power single supply 

3.8105.3 131 2.8 13 Low-noise precision 

3.8105.3 131 7.5 50 Low-noise high-speed precision decompensaled 

0.32 to 0.5 114 0.4 Dual precision IQw-power 

0.275 10 0.35 106 0.65 2.8 Dual precision low-power single supply 

1101.5 110 2.5 1.8 Low-noise preciSion rail-Io-rail outpUI 

0,85101.3 110 2.5 1.9 Dual low-noise precision rail-Io-rail 

0.2100.3 115 0.65 2 Precision low-power single supply 

0.01 100.017 95 0.032 0.085 Dual inicropower precision low-voltage 

3.5104.5 108 45 5.9 Low-noise high-speed precision single supply 

0.01 100.017 95 0.032 0.085 Quad micropower precision low-voltage 

0.03510 0.0625 83 0.12 0.2 Dual rail-Io-rail micropower 

0.03510 0.0625 83 0.12 0.2 Quad rail-Io-rail micropower 

0.034 10 0.0625 75 0.1 0.187 Dual rail-Io-raillow-vottage micropower 

0.034 10 0.0625 75 0.1 0.187 Quad rail-Io-raillow-voltage micropower 

3.45104.5 108 45 5.9 Dual low-noise high-speed precision 

0.2100.25 83 0.55 0.82 Dual advanced LinCMOS rail-Io-rail 

0.2100.25 83 0.55 0.82 Quad advanced LinCMOS rail-Io-rail 

1.1101.5 75 3.6 2.18 Dual low-noise rail-Io-rail 

1.1101.5 75 3.6 2.18 Quad low-noise rail-Io-rail 

0.29 to 0.35 90 10 6.4 JFET-input high-outpul-drive low-power decompensated 

0.2 to 0.25 75 0.55 0.67 Dual rail-Io-raillow-vottage low-power 

0.2 to 0.25 75 0.55 0.67 Quad rail-to-raillow-vottage low-power 

0.1 to 0.125 90 0.25 0.55 Dual wide-input-vottage, high-output-drive 

0.75 to 1.1 75 1.4 1.81 Dual wide-input-voltage, high-output-drive 

PAGE 
NO. 

3-1081 

3-1107 

6-3 

6-59 

6-59 

3-51 

6-3 

3-767 

3-767 

6-3 

3-741 

6-287 

3-741 

3-a21 

3-821 

6-593 

6-593 

6-287 

3-a75 

3-a75 

3-931 

3-931 

6-347 

6-639 

6-639 

6-839 

6-875 
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DEVICE 

TLE2027 

TLE2037 

TLE2227 

TLE2237 

TLC2201 

TLC2202 

TLV2361 

TLC2272 

TLC2274 

TLV2362 

TLE2141 

TLE2142 

TLE2144 

TLE2071 

TLE2072 

TLE2074 

TLC2262 

TLC2264 

TLC4501 

TLC4502 

TLV2262 

TLV2264 

TLC2654 

TLE2021 

TLE2022 

TLE2024 

TLV2231 

TLV2442 

TLC2252 

TLC2254 

v 
(nViSHZ) 

typ 

2.5 

2.5 

2.5 

2.5 

8 

8 

8 

9 

9 

9 

10.5 

10.5 

10.5 

11.6 

11.6 

11.6 

12 

12 

12 

12 

12 

12 

13 

15 

15 

15 

15 

16 

19 

19 

IDoIIcc 
(mA per channel) 

typ max 

3.8105.3 

3.8105.3 

3.65105.3 

3.65105.3 

1101.5 

0.85 10 1.3 

1.75102.5 

1.1101.5 

1.1101.5 

1.4102.25 

3.5104.5 

3.45104.5 

3.45104.5 

1.7102.2 

1.55101.8 

1.42510 1.875 

0.2100.25 

0.2100.25 

1101.5 

1.25101.75 

0.2100.25 

0.2100.25 

1.5102.4 

0.2100.3 

0.27510 0.35 

0.2625 to 0.35 

0.850101.2 

0.75101.1 

0.03510 0.0625 

0.035 10 0.0625 

LOW-NOISE OPERATIONAL AMPLIFIERS 

liB 
SLEW GBW 

(pA) RATE (MHz) RAIL-TO-RAIL 
DESCRIPTION (V1jJ.s) OUTPUT typ 

typ 
typ 

15000 2.8 13 Low-noise precision 

15000 7.5 50 Low-noise high-speed precision decompensaled 

15000 2.5 13 Dual low-noise high-speed precision 

15000 5 50 Dual low-noise high-speed precision decompensaled 

1 2.5 1.8 X Low-noise precision rail-Io-rail oUlpul 

1 2.5 1.9 X Dual low-noise precision rail-Io-rail 

20000 3 7 single high-performanC, low-voltage 

1 3.6 2.18 X Dual low-noise rail-Io-rail 

1 3.6 2.18 X Quad low-noise rail-Io-rail 

20000 2.5 6 Dual high-performanC, low-voltage 

-700000 45 5.9 Low-noise high-speed precision single supply 

-700000 45 5.9 Dual low-noise high-speed preCision 

-700000 45 5.9 Quad low-noise high-speed precision 

20 45 10 Low-noise high-speed JFET-inpul 

20 45 10 Dual low-noise high-speed JFET-inpul 

25 45 10 Quad low-noise high-speed JFET-inpul 

1 0.55 0.82 X Dual advanced LinCMOS rail-Io-rail 

1 0.55 0.82 X Quad advanced LinCMOS rail-Io-rail 

1 2.5 4.7 X Single self-calibraling precision 

1 2.5 4.7 X Dual self-calibrating preCision 

1 0.55 0.67 X Dual rail-la-rail low-voltage low-power 

1 0.55 0.67 X Quad rail-la-rail low-voltage low-power 

50 3.7 1.9 X Low-noise chopper-stabilized 

25000 0.65 2 Precision low-power single supply 

35000 0.65 2.8 Dual precision low-power single supply 

50000 0.7 2.8 Quad precision low-power Single supply 

1 1.6 2 X Single rail-Io-rail 

1 1.4 1.81 X Dual wide-inpul-voltage, high-outpul-drive 

1 0.12 0.2 X Dual rail-Io-rail micropower 

1 0.12 0.2 X Quad rail-Io-rail micropower 
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DEVICE 

1"LV2221 

TLV2252 

TLV2254 

DEVICE 

TLE2037 

TLE2237 

TLV2361 

TLV2362 

TLE2141 

TLE2142 

TLE2144 

TLE2682 

TLE2071 

TLE2072 

TLE2074 

TLE2081 

TLE2082 

TLE2084 

v 
(nvi1HZ) 

typ 

19 

19 

19 

GBW 
(Mhz) 
typ 

50 

50 

7 

6 

5.9 

5.9 

5.9 

10 

10 

10 

10 

10 

10 

10 

LOW-NOISE OPERATIONAL AMPLIFIERS (continued) 

IOoJlCC lIB 
SLEW GBW 

(mA per channel) (pA) RATE (MHz) RAIL-TO-RAIL 
DESCRIPTION 

typ max typ (V/!18) typ 
OUTPUT 

typ 

0.110100.15 1 0.18 0.51 X single rail-Io-raillow-power 

0.034 10 0.0625 1 0.1 0.187 X Dual rail-Io-raillow-voltage micropower 

0.034 10 0.0625 1 0.1 0.187 X Quad rail-Io-raillow-voltage micropower 

HIGH-SPEED OPERATIONAL AMPLIFIERS 

Slew Rate loollcc lIB V 
(V/!18) (mA per channel) (pA) (nvi1Hz) DESCRIPTION 

typ typ max typ typ 

7.5 3.8 to 5.3 15000 2.5 Low-noise high-speed precision decomp. 

5 3.65105.3 15000 2.5 Dual low-noise high-speed precision decamp. 

3 1.75102.5 20000 8 single high-performanC, low-voltage 

2.5 1.4to 2.25 20000 9 Dual high-perfonnanC, low-voltage 

45 3.5104.5 -700000 10.5 Low-noise high-speed preciSion single supply 

45 3.45104.5 -700000 10.5 Dual low-noise high-speed precision 

45 3.45104.5 -700000 10.5 Quad low-noise high-speed precision 

45 1.55101.8 20 11.3 Dual high-speed JFET-inpul with switched-capacitor voltage converter 

45 1.7102.2 20 11.6 Low-noise high-speed JFET-inpul 

45 1.55101.8 20 11.6 Dual low-noise high-speed JFET-input 

45 1.42510 1.875 25 11.6 Quad low-noise high-speed JFET-inpul 

45 1.7102.2 20 11.6 High-speed JFET-inpul 

45 1.55101.8 20 11.6 Dual high-speed JFET-input 

45 1.62510 1.875 25 11.6 Quad high-speed JFET-input 
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OEVICE 

TLC2201 

TLC2202 

TLC2252 

TLC2254 

TLC2262 

TLC2264 

TLC2272 

TLC2274 

TLC4501 

TLC4502 

TLV2211 

TLV2221 

TLV2231 

TLV2252 

TLV2254 

TLV2262 

TLV2264 

TLV2432 

TLV2442 

voo'Vcc 
(V) 

min max 

4.6 to 16 

4.6 to 16 

4.4 to 16 

4.4 to 16 

4.4 to 16 

4.4 to 16 

4.4 to 16 

4.4 to 16 

4t06 

4t06 

2.7 to 10 

2.7 to 10 

2.7 to 10 

2.7 to 8 

2.7 to 8 

2.7 to 8 

2.7 to 8 

2.7 to 10 

2.7 to 10 

loollcc 
(J1A per channel) 

typ max 

1000 to 1500 

850 to 1300 

35 to 62.5 

35 to 62.5 

200 to 250 

20010250 

1100 to 1500 

1100 to 1500 

1000 to 1500 

1250 to 1750 

13 to 25 

110 to 150 

850 to 1200 

341062.5 

341062.5 

20010250 

20010250 

10010125 

750101100 

RAIL-TO-RAIL OPERATIONAL AMPLIFIERS 

Vo Slew Rate GBW V 
(V) (V/IJ.S) (MHz) (nVNHz) OESCRIPTION 
typ typ typ typ 

Oto 4.8 2.5 1.8 8 Low-noise precision rail-to-rail output 

Ot04.8 2.5 1.9 8 Dual low-noise precision rail-to-rail 

0.01 to 4.98 0.12 0.2 19 Dual rail-to-rail micropower 

0.01 to 4.98 0.12 0.2 19 Quad rail-to-rail micropower 

0.01 to 4.99 0.55 0.82 12 Dual advanced LinCMOS rail-Io-rail 

0.01 to 4.99 0.55 0.82 12 Quad advanced LinCMOS rail-Io-rail 

0.01 to 4.99 3.6 2.18 9 Dual low-noise rail-to-rail 

0.01 to 4.99 3.6 2.18 9 Quad low-noise rail-to-rail 

0.01 to 4.99 2.5 4.7 12 Single self-calibrating precision 

0.01 to 4.99 2.5 4.7 12 Dual self-calibrating precision 

0.012 to 4.95 0.025 0.085 22 Single rail-to-rail micropower 

0.012 to 4.88 0.18 0.51 19 Single rail-to-raillow-power 

0.08104.9 1.6 2 15 Single rail-Io-rail 

0.01 to 2.98 0.1 0.187 19 Dual rail-Io-raillow-voltage micropower 

0.01 102.98 0.1 0.187 19 Quad rail-to-raillow-voltage micropower 

0.01 to 2.99 0.55 0.67 12 Dual rail-to-raillow-voltage low-power 

0.01 to 2.99 0.55 0.67 12 Quad rail-Io-raillow-voltage low-power 

0.01 to 4.97 0.25 0.55 18 Dual wide-input-voltage, high-output-drive 

0.01104.97 1.4 1.81 16 Dual wide-input-voltage, high-output-drive 
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DEVICE 

TLE2021 

TLE2022 

TLE2024 

TLE2141 

TLE2142 

TLE2144 

TLV2211 

TLV2221 

TLV2231 

TLV2252 

TLV2254 

TLV2262. 

TLV22E!4 

TLV2432 

TLV2442 

TLC4501 

TLC4502 

TLC2252 

TLC2254 

TLC2262 

TLC2264 

TLC2272 

TLC2274 

TLC2201 

TLC2202 

vooNcc 
(V) 

min max 

±2 to ±20 

±2to±20 

±2to±20 

±2to±22 

±2 to ±22 

±2 to ±22 

2.7 to 10 

2.7 to 10 

2.7 to 10 

2.7 to 8 

2.7 to 8 

2.7t08 

2.7 to 8 

2.7 to 10 

2.7 to 10 

4t06 

4106 

4.41016 

4.41016 

4.41016 

4.4 to 16 

4.41016 

4.4 to 16 

4.6 to 16 

4.6 to 16 

loollcc 
(mA per channel) 

typ max 

0.2 to 0.3 

0.275 to 0.35 

0.2625 to 0.35 

3.5 to 4.5 

3.45 to 4.5 

3.45 to 4.5 

0.013 to 0.025 

0.11 to 0.15 

0.85 to 1.2 

0.034 to 0.0625 

0.034 to 0.0625 

0.2 to 0.25 

0.2 to 0.25 

0.1 to 0.125 

0.75 to 1.1 

1 to 1.5 

1.25101.75 

0.03510 0.0625 

0.035 to 0.0625 

0.2100.25 

0.2 to 0.25 

1.1 to 1.5 

1.1 to 1.5 

1 to 1.5 

L-_ 0.85 to 1.3 

SINGLE-SUPPLY OPERATIONAL AMPLIFIERS 

VIO SLEW RATE GBW V 
(nVi1Hz) (my) (VIlIS) (MHz) DESCRIPTION 

typ max typ typ typ 

0.12 to 0.5 0.65 2 15 Precision low-power single supply 

0.15 to 0.5 0.65 2.8 15 Dual precision low-power single supply 

0.7 2.8 15 Quad precision low-power single supply 

0.2 to 0.9 45 5.9 10.5 Low-noise high-speed precision single supply 

0.29 to 1.2 45 5.9 10.5 Dual low-noise high-speed precision 

0.6 to 2.4 45 5.9 10.5 Quad low-noise high-speed precision 

0.45 to 3 0.025 0.065 22 Single rail-to-rail micropower 

0.61 t03 0.18 0.51 19 Single rail-to-raillow-power 

0.71 t03 1.6 2 15 Single rail-ta-rail 

0.2 to 1.5 0.1 0.187 19 Dual rail-to-raillow-voltage micropower 

0.2 to 1.5 0.1 0.187 19 Quad rail-ta-raillow-voltage micropower 

0.3 to 2.5 0.55 0.67 12 Dual rail-to-raillow-voltage low-power 

0.3 to 2.5 0.55 0.67 12 Quad rail-ta-raillow-voltage low-power 

0.300t02 0.25 0.55 18 Dual wide-input-voltage, high-output-drive 

0.300 to 2 1.4 1.81 16 Dual wide-input-voltage, high-output-drive 

0.04 to 0.08 2.5 4.7 12 Single self-calibrating precision 

0.05100.1 2.5 4.7 12 Dual self-calibrating precision 

0.2101.5 0.12 0.2 19 Dual rail-Io-rail micropower 

0.2101.5 0.12 0.2 19 Quad rail-la-rail micropower 

0.3102.5 0.55 0.82 12 Dual advanced LinCMOS rail-la-rail 

0.3 to 2.5 0.55 0.82 12 Quad advanced LinCMOS rail-Io-rail 

0.3 to 2.5 3.6 2.18 9 Dual low-noise rail-ta-rail 

0.3 to 2.5 3.6 2.18 9 Quad low-noise rail-to-rail 

0.1 to 0.5 2.5 1.8 8 Low-noise precision rail-to-rail output 

0.1 to 1 2.5 1.9 8 Dual low-noise precision rail-to-rail 
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DEVICE 

TLC1078 

TLC1079 

TLC251 (H) 

TLC251(M) 

TLC251(L) 

TLC252 

TLC254 

TLC25L2 

TLC25L4 

TLC25M2 

TLC25M4 

TLC271 (H) 

TLC271(M) 

TLC271(L) 

TLC272 

TLC274 

TLC277 

TLC279 

TLC27L2 

TLC27L4 

TLC27L7 

TLC27L9 

TLC27M2 

TLC27M4 

TLC27M7 

TLC27M9 

TLV2211 

TLV2221 

TLV2231 

TLV2252 

TLV2254 

TLV2262 

TLV2264 

VDo'VCC 
M 

min max 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

2.71010 

2.71010 

2.71010 

2.7108 

2.7108 

2.7108 

2.7108 

IDoIIcc 
(mA per channel) 

typ max 

0.01100.017 

0.01 100.017 

0.675101.6 

0.10510 0.28 

0.01 100.017 

0.7101.6 

0.775101.8 

0.01 100.017 

0.012 10 0.021 

0.105100.26 

0.125100.32 

0.675101.6 

0.105100.28 

0.01 10 0.017 

0.7101.6 

0.675101.6 

0.7101.6 

0.675101.6 

0.01 10 0.017 

0.01 100.017 

0.01 10 0.017 

0.01 10 0.017 

0.105100.28 

0.105 10 0.28 

0.105100.28 

0.105100.28 

0.01310 0.025 

0.11100.15 

0.85101.2 

0.034100.0625 

0.034 10 0.0625 

0.2100.25 

0.2100.25 

j 
~ 

LOW-VOLTAGE OPERATIONAL AMPLIFIERS 

Vo SLEW RATE GBW V 
M (V/J.lS) (MHz) (nvik) DESCRIPTION 
typ typ typ typ 

0104.1 0.032 0.085 68 Dual micropower precision low·voltage 

0104.1 0.032 0.085 66 Quad micropower precision low-voltage 

0103.8 3.6 1.7 25 Prog. low-voltage: high bias mode 

0103.9 0.43 0.525 32 Prog. low-voltage: medium bias mode 

0104.1 0.03 0.085 68 Prog. low-voltage: low bias mode 

0103.8 3.6 1.7 25 Dual low-voltage 

0103.8 3.6 1.7 25 Quad low-voltage 

0104.1 0.03 0.085 68 Dual micropower low-voltage 

0104.1 0.03 0.085 70 Quad micropower low-voltage 

0103.9 0.43 0.525 32 Dual low-power low-voltage 

0103.9 0.43 0.525 32 Quad low-power low-voltage 

0103.8 3.6 1.7 25 Prog. low-power: high bias mode 

0103.9 0.43 0.525 32 Prog. low-power: medium bias mode 

0104.1 0.03 0.085 68 Prog. low-power: low bias mode 

0103.8 3.6 1.7 25 Dual single supply 

0103.8 3.6 1.7 25 Quad single supply 

0103.8 3.6 1.7 25 Dual precision single supply 

010 3.8 3.6 1.7 25 Quad precision single supply 

0104.1 0.03 0.085 68 Dual precision single supply micropower 

0104.1 0.03 0.085 70 Quad precision single supply micropower 

0104.1 0.03 0.085 68 Dual precision single supply micropower 

0104.1 0.03 0.085 70 Quad precision single supply micropower 

0103.9 0.43 0.525 32 Dual precision single supply low-power 

0103.9 0.43 0.525 32 Quad precision single supply low-power 

0103.9 0.43 0.525 32 Dual precision single supply low-power 

0103.9 0.43 0.525 32 Quad precision single supply low-power 

0.012104.95 0.025 0.065 22 Single rail-Io-rail micropower 

0.012104.88 0.18 0.51 19 Single rail-Io-raillow-power 

0.06104.9 1.6 2 15 Single rail-Io-rail 

0.01 102.98 0.1 0.187 19 Dual rail-Io-raillow-voltage micropower 

0.01102.98 0.1 0.187 19 Quad rail-Io-raillow-vollage micropower 

0.01102.99 0.55 0.67 12 Dual rail-Io-raillow-voltage low-power 

0.01102.99 0.55 0.67 12 Quad rail-Io-raillow-voltage low-power 
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DEVICE 

TLV2322 

TLV2324 

TLV2332 

TLV2334 

TLV2341 (H) 

TLV2341(M) 

TLV2341(L) 

TLV2342 

TLV2344 

TLV2361 

TLV2362 

TLV2432 

TLV2442 

VDoNcc 
(V) 

min max 

2108 

2108 

2108 

2t08 

2108 

2108 

2108 

2108 

2t08 

±110±2.5 

±1 to±3.5 

2.7 to 10 

2.7 to 10 

LOW-VOLTAGE OPERATIONAL AMPLIFIERS (continued) 

IDonCC Vo SLEW RATE GBW V 
(mA per channel) (V) (V/JlS) (MHz) (nvi1tfz) DESCRIPTION 

typ max typ typ typ typ 

0.00610 0.017 0.115101.9 0.02 0.027 68 Dual low-voltage micropower 

0.006 to 0.017 0.115 to 1.9 0.02 0.027 68 Quad low-voltage micropower 

0.0810 0.25 0.11510 1.9 0.38 0.3 32 Dual low-voltage low-power 

0.08 to 0.25 0.115101.9 0.38 0.3 32 Quad low-voltage low-power 

0.325101.5 0.12101.9 2.1 0.79 25 Programmable lowcvollage: high bias mode 

0.065 10 0.25 0.115101.9 0.38 0.3 32 'Pr_ogrammable low-voltage: Med bias mode 

0.005 to 0.017 0.115to 1.9 0.02 0.027, 68 Programmable low-voltage: low bias mode 

0.325101.5 0.12101.9 2.1 0.79 25 Dual LinCMOS low-vollage high-speed 

0.325101.5 0.12101.9 2.1 0.79 25 Quad LinCMOS low-vollage high-speed 

1.15102.5 -2.4102.4 3 7 8 Single high-performance, low-voltage 

1.4102.25 -1.4101.4 2.5 6 9 Dual high-performanC, low-voltage 

0.1 to 0.125 0.01 to 4.97 0.25 0.55 18 Dual wide-input-voltage, high-output-drive 

0.75101.1 0.01104.97 1.4 1.81 16 Dual wide-inpul-voltage, high-oulpul-drive 
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DEVICE 

TLC27Ll 

TLC2252 

TLC2254 

TLC2262 

TLC2264 

TLE2021 

TLE2022 

TLE2024 

TLE2061 

TLE2062 

TLE2064 

TLV2211 

TLV2221 

TLV2252 

TLV2254 

TLV2262 

TLV2264 

TLV2432 

vDoNcc IDoIIcc 
M (!1A per channel) 

min max typ max 

31016 101017 

4.4 1016 351062.5 

4.41016 351062.5 

4.41016 20010250 

4.41016 20010250 

±210±20 20010300 

±210±20 27510350 

±210±20 262.5 to 350 

±3.5to ±19 29010350 

±3.51o±19 312.510345 

±3.510 ±19 312.510350 

2.71010 131025 

2.71010 11010150 

2.7108 341062.5 

2.7108 341062.5 

2.7108 20010250 

2.7108 200 to 250 

2.7 to 10 10010125 

LOW-POWER OPERATIONAL AMPLIFIERS 

VIO SLEW RATE GBW V 
(my) (V/J.l8) (MHz) (nVNHz) DESCRIPTION 

typ max typ typ typ 

1.11010 0.03 1 68 Single LinCMOS 

0.2101.5 0.12 0.2 19 Dual rail'lo-rail micropower 

0.2101.5 0.12 0.2 19 Quad rail-Io-rail micropower 

0.3102.5 0.55 0.82 12 Dual advanced LinCMOS rail-Io-rail 

0.3102.5 0.55 0.82 12 Quad advanced LinCMOS rail~lo-rail 

0.12100.5 0.65 2 15 Precision low-power single supply 

0.15100.5 0.65 2.8 15 Dual precision low-power single supply 

0.7 2.8 15 Quad precision low-power single supply 

0.6103 3.4 2 40 JFET-inpul high-outpul-drive micropower 

0.910 4 3.4 2 40 Dual JFET-inpul high-outpul-drive micropower 

0.9106 3.4 2 40 Quad JFET-input high-outpul-drive micropower 

0.45103 0.025 0.065 22 Single rail·lo-rail micropower 

0.61103 0.18 0.51 19 Single rail-Io-raillow-power 

0.2101.5 0.1 0.187 19 Dual rail-Io-raillow-voitage micropower 

0.2101.5 0.1 0.187 19 Quad rail-Io-raillow-voltage micropower 

0.3102.5 0.55 0.67 12 Dual rail-to-raillow-voltage low-power 

0.3 to 2.5 0.55 0.67 12 Quad rail-to-raillow-voltage low-power 

0.3102 0.25 0.55 18 Dual wide-input-voltage, high-output-drive 
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3-875 
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DEVICE 

LM2902 

LM2904 

LM318 

LM324 

LM324x2 

LM348 

LM358 

MC1458 

MC3403 

NE5532 

NE5534 

OP07 

RC4136 

RC4558 

TL022 

TL2828 

TL2829 

/lA741 

vcc 
(V) 

min max 

41026 

4t026 

±5to±20 

4t032 

4t032 

±410±18 

4t032 

±510±15 

51030 

31020 

31020 

±3io ±18 

±5 10 ±18 

±510±18 

±510±18 

41030 

4t030 

±3.510±18 

GENERAL-PURPOSE BIPOLAR OPERATIONAL AMPLIFIERS 

ICC VIO CMRR liB V Slew Rate GBW 
(mA per channel) (mY) (dB) (pA) (nV~) (V/J.1S) (MHz) DESCRIPTION 

typ max max typ typ typ typ typ 
range 

0.175100.3 7 80 -20000 23 0.25 0.4 Quad general-purpose 

0.5 to 1 7 80 -20000 23 0.15 0.4 Dual general-purpose 

51010 10 100 150000 23 70 15 Single high-speed 

0.175 to 0.3 7 80 -20000 23 0.25 0.4 Quad general-purpose 

0.175100.3 7 80 -20000 23 0.15 0.4 Octal general-purpose 

0.6101.125 6 90 30000 23 0.5 1 Quad general-purpose 

0.5101 3107 80 -20000 23 0.4 Dual general-purpose 

1.7102.8 6 90 80000 45 0.5 1 Dual general-purpose 

0.7101.75 10 90 -200000 0.6 1 Quad low-power general-purpose 

4108 4 100 200000 5 9 10 Dual low-noise high-speed audio 

4108 4 100 500000 3.5 13 10 Low-noise high-speed audio 

2.7105 0.15 120 1800 9.8 0.3 0.6 Precision 

1.25 10 2.825 6 90 140000 8 1.7 3 Quad general-purpose 

1.25102.8 6 90 150000 8 1.7 3 Dual general-purpose 

0.065100.125 5 72 100000 50 0.5 0.5 Dual low-power general-purpose 

0.35100.6 7 80 -15000 23 0.15 0.4 Dual high1emperalure bipolar 

0.3100.4 7 75 -15000 23 0.25 0.4 Quad high lemperature bipolar 

1.7102.8 6 90 80000 0.5 General-purpose 
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3-13 

3-17 

3-39 

3-25 

3-29 

3-75 

3-79 

3-85 

3-89 

3-95 
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3-105 

3-111 

3-337 

3-343 

6-909 
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DEVICE 

TLC1078 

TLC1079 

TLC251 (H) 

TLC251(M) 

TLC251(L) 

TLC252 

TLC254 

TLC25L2 

TLC25L4 

TLC25M2 

TLC25M4 

TLC271 (H) 

TLC271(M) 

TLC271(L) 

TLC272 

TLC274 

TLC274x2 

TLC2n 

TLC279 

TLC27L2 

TLC27L4 

TLC27L7 

TLC27L9 

TLC27M2 

, TLC27M4 

I TLC27M7 

i TLC27M9 

I TLC2S01 
I TLC2810 

TLC2872 

TLV2322 

TLV2324 

VDD 
M 

min max 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

1.41016 

l.4to 16 

31016 

31016 

31016 

31016 

31016 

3to 16 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

31016 

4.61016 

41016 

4.4 to 16 

2t08 

2108 

GENERAL-PURPOSE LinCMOS OPERATIONAL AMPLIFIERS 

100 VIO CMRR liB V SLEW RATE GBW 
(mA per channel) (mY) 

(dB) (PA) (nvi1Hz) (V/1lS) (MHz) DESCRIPTION 
typ max max typ typ typ typ typ 

range 

0.01 10 0.017 0.45 95 0.6 68 0.032 0.085 Dual micropower precision low·voltage 

0.01 10 0.017 0.85 95 0.6 68 0.032 0.085 Quad micropower precision low-vollage 

0.675101.6 21010 SO 0.6 25 3.6 1.7 Prog. low-voltage: high bias mode 

0.105100.28 21010 91 0.6 32 0.43 0.525 Prog. low-vollage: medium bias mode 

0.01 to 0.017 2to 10 94 0.6 68 0.03 0.085 Prog. 10w-voHage: low bias mode 

0.7101.6 21010 80 0.6 25 3.6 1.7 Dual low-voltage 

0.n510 1.8 21010 SO 0.6 25 3.6 1.7 Quad low-voltage 

0.01 100.017 21010 94 0.6 68 0.03 0.085 Dual micropower low-voltage 

0.012100.021 21010 94 0.6 70 0.03 0.085 Quad micropower low-voltage 

0.10510 0.28 21010 91 0.6 32 0.43 0.525 Dual low-power 10w-voHage 

0.125 10 0.32 21010 91 0.6 32 0.43 0.525 Quad low-power low-voltage 

0.675101.6 21010 80 0.6 25 3.6 1.7 Prog. low-power: high bias mode 

0.105100.28 21010 91 0.6 32 0.43 0.525 Prog. low-power: medium bias mode 

0.Q1 10 0.017 21010 94 0.6 68 0.03 0.085 Prog. low-power: low bias mode 

0.7101.6 21010 80 0.6 25 3.6 1.7 Dual single supply 

0.675101.6 21010 80 0.6 25 3.6 1.7 Quad single supply 

0.675101.6 10 SO 0.6 25 3.6 1.7 Octal single supply 

0.7101.6 0.5 SO 0.6 25 3.6 1.7 Dual precision single supply 

0.675 to 1.6 0.9 80 0.6 25 3.6 1.7 Quad precision single supply 

0.01 100.017 21010 94 0.6 68 0.03 0.085 Dual precision single supply micropower 

0.01 to 0.017 21010 94 0.6 70 0.03 0.085 Quad precision single supply micropower 

0.01 100.017 0.5 94 0.6 68 0.03 0.085 Dual precision Single supply micropower 

0.01 100.017 0.9 94 0.6 70 0.03 0.085 Quad precision single supply micropower 

0.105100.28 21010 91 0.6 32 0.43 0.525 Dual precision single supply low-power 

0.105100.28 21010 91 0.6 32 0.43 0.525 Quad precision single supply low-power 

0.105100.28 0.5 91 0.6 32 0.43 0.525 Dual precision single supply low-power 

0.105 10 0.28 0.9 91 0.6 32 0.43 0.525 Quad precision single supply low-power 

1.1101.5 0.5 110 1 8 2.5 1.8 Low-noise precision high lemperalure 

0.5 to 1.6 10 90 7 25 3.6 1.7 Dual high lemperature 

1.1 to 1.5 2.5 75 1 9 3.6 2.18 Dual low-noise high lemperature 

0.006 to 0.017 9 BB 0.6 68 0.02 0.027 Dual low-voltage micropower 

0.006 to 0.017 10 88 0.6 68 0.02 0.027 Quad low-voltage micropower 
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3-741 

3-741 
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3-357 

3-357 

3-375 

3-395 

3-375 

3-395 

3-375 

3-395 

3-415 

3-415 

3-415 

3-485 

3-617 

3-653 

3-485 

3-617 

3-551 

3-669 

3-551 

3-669 

3-5B3 

3-705 

3-583 

3-705 

3-1031 

3-1043 

3-1065 

EHl87 

EHlB7 

o -a 
m 
:JJ 

~ 0_ mo 
'-z m;J> 
0.
::!;J> 
Oil: 
Z-a 
g.
c:::;; 
8 iii 
m:JJ 



~ 

~ 

!~~, 
><~~ 

~~~ 8~ 
cO, _'" 

!~ , 
~ 
m 

vDD 
DEVICE M 

min max 

TLV2332 2108 

TLV2334 2108 

TLV2341 (H) 2108 

TLV2341(M) 2108 

TLV2341(L) 2108 

TLV2342 2108 

TLV2344 2108 

,., 

.' 

GENERAL-PURPOSE LinCMOS OPERATIONAL AMPLIFIERS (continued) 

100 VIO CMRR liB V SLEW RATE GBW 
(mA per channel) 

(mY) (dB) (pA) (nvi1t:iz) (V/IJ.S) (MHz) DESCRIPTION 
typ max max typ typ typ typ typ 

range 

0.08100.25 9 92 0.6 32 0.38 0.3 Duallow-yollage low-power 

0.08100.25 10 92 0.6 32 0.38 0.3 Quad low-voltage low-power 

0.325101.5 8 78 0.6 25 2.1 0.79 Programmable low-voltage: high bias mode 

0.065 10 0.25 8 92 0.6 32 0.38 0.3 Programmable low-voltage: Med bias mode 

0,005 10 0.017 8 88 0.6 68 0.02 0.027 Programmable low-voltage: low bias mode 

0,325101.5 9 78 0.6 25 2.1 0.79 Dual LinCMOS low-voltage high-speed 

0.325101.5 10 78 0.6 25 2.1 0.79 Quad LinCMOS low-voltage high-speed 
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6-715 

6-743 
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6-793 
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VCC ICC 
DEVICE (V) (mA per channel) 

min max typ max 

LF347 ±3.510±18 2103.75 

LF351 ±3.510±18 1.8103.4 

LF353 ±3.510±18 1.8103.25 

LF411 ±3.510 ±18 210 3.4 

LF412 ±3.510 ±18 2.25103.4 

TL031 ±510±18 0.21710 0.28 

TL032 ±5 10 ±18 0.111100.28 

TL034 ±510±18 0.2175100.28 

TL051 ±510±18 2.7103.2 

~ 
TL052 ±5 10 ±18 2.4102.8 

TL054 ±510 ±18 2.1102.8 
SIl-
~2!~ 

- ~~d 
~t:~ ~~ 
~trJ 

;~ 

TL061 ±3.510±18 0.2100.25 

TL062 ±3.510±18 0.2100.25 

TL064 ±3.510±18 0.2100.25 

TL064x2 ±3.510±18 0.2100.25 

TL070 ±3.510±18 1.4102.5 

TL071 ±3.510 ±18 1.4102.5 

TL072 ±3.510 ±18 1.4102.5 

TL074 ±3.510 ±18 1.4102.5 

m 
TL074x2 ±3.5 10 +18 1.4102.5 

TL081 ±3.510±18 1.4102.8 

TL082 ±3.510 ±18 1.4102.8 

TL064 ±3.510±18 1.410 2.8 

TL084x2 ±3.510±18 1.4102.8 

~ 
U1 

GENERAL-PURPOSE BiFET OPERATIONAL AMPLIFIERS 

VIO CMRR liB V SLEW RATE GBW 
(mV) (dB) (pA) (nv~) -(V/IlS) (MHz) DESCRIPTION 

max range typ typ typ typ typ 

51010 100 50 18 13 3 Quad general·purpose JFET·inpul 

10 100 50 18 13 3 General-purpose JFET-input 

10 100 50 18 13 3 Dual general-purpose JFET-inpul 

2 100 50 18 13 3 Precision JFET-inpul 

3 100 50 18 13 3 Dual JFET-inpul 

0.8101.5 94 2 41 5.1 1.1 Enhanced JFET low-power precision 

0.8101.5 94 2 41 5.1 1.1 Dual enhanced JFET low-power precision 

1.5104 94 2 43 5.1 1.1 Quad enhanced JFET low-power precision 

0.8101.5 93 30 18 20 3.1 Enhanced JFET precision 

0.8101.5 93 30 19 20.7 3 Dual enhanced JFET precision 

1.5104 92 30 21 17.8 2.7 Quad enhanced JFET precision 

31015 86 30 42 3.5 1 Low-power JFET-inpul general-purpose 

31015 86 30 42 3.5 1 Dual low-power JFET-inpul general-purpose 

310 15 86 30 42 3.5 1 Quad low-power JFET-input general-purpose 

15 86 30 42 3.5 1 Octal low-power JFET-inpul general-purpose 

10 100 65 18 13 3 Low-noise JFET-inpul decompensaled 

31010 100 65 18 13 3 Low-noise JFET-inpul general-purpose 

31010 100 65 18 13 3 Dual low-noise JFET-input general-purpose 

31010 100 65 18 13 3 Quad low-noise JFET-inpul general-purpose 

10 100 65 18 13 3 Octal low-noise JFET-inpul general-purpose 

31015 86 30 18 13 3 JFET-inpul general-purpose 

31015 86 30 18 13 3 Dual JFET-inpul general-purpose 

31015 86 30 18 13 3 Quad JFET-input general-purpose 

15 76 30 18 13 3 Octal JFEEnpul general-purpose 

PAGE 
NO. 

3-3 

3-5 
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3-9 

3-11 

3-115 

3-115 

3-115 

3-169 

3-169 

3-169 

3-233 

3-233 

3-233 

3-255 

3-265 

3-279 

3-279 
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3-295 

3-307 
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DEVICE 

LF347 

LF347B 

I LF351 

I, LF353 

LF411 

LF412 

LM11S 

LM124 

LM148 

LM15S 

LM21S 

LM224 

LM24S 

LM258 

LM2900 

LM2902 

LM2904 

LM318 

LM324 

LM324x2 

LM348 

LM358 

LM3900 

LT1013 

MC1458 

MC1558 

MC3303 

MC3403 

NE5532 

NE5534 

OP07 

RC4136 

RC4558 

SYMBOLS: 

AMPLIFIERS - PACKAGE AND TEMPERATURE AVAILABILITY 

D DB DBV DW FK J JG N NE P 

(14)t (14)t 

(14)t (14)t 

(8)t (8)t 

(8)t (S)t 

(8)C (S)C 

(8)C (S)C 

(20)0 (S)O 

(20)0 (14)0 

(20)0 (14)0 

(20)0 (S)O 

(8)11 (S)l1 

(8)11 (8)11 

(14)11 (14)11 

(S)l1 (S)11 

(14)# 

(14)* (14)* (14)* 

(S)* (8)* (8)* 

(8)t (8)t 

(14)t (14)t (14)t 

(30)t 

(14)t (14)t 

(8)t (8)t (8)t 

(14)t 

(8)C,lt,M (20)M (8)M (8)C,lt,M 

(8)C (8)C 

(20)M (8)M 

(14)# (14)# 

(14)t (14)t 

(S)t,1 

(8)t (8)t 

(8)t (8)t 

(14)t (14)t '-

(S)t (8)t (8)t 

Y=25°C, Cor t = O°Cto 70°C § = -20°C to S5°C 11 = -25°C to 85°C 
t = -40°C to 105°C * =-40°C to 125°C Z = -4O"C to 150°C M or ° = -55°C to 125°C 

PW U W 

(14)0 

(14)11 

(14)* 

(8)* 

(14)t 

(14)t 

(14)t 

(10)M 

(8lt 

I or # = -40°C to 85°C 

Y(CHIP) 

Y 

Y 

Y 

Y 

Y 
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DEVICE 

RM4136 

RM455S 

RV4136 

RV455S 

SE5534 

TL022 

TL031 

TL032 

TL034 . 

TL051 

TL052 

TL054 

TL061 

TL062 

TL064 

TL064x2 

TL070 

TL071 

TL072 

TL074 

TL074x2 

TLOS1 

TLOS2 

TLOS4 

TL084x2 

TL2S2S 

TL2S29 

TLC251 

TLC252 

TLC254 

TLC25L2 

TLC25L4 

TLC25M2 

SYMBOLS: 

AMPLIFIERS - PACKAGE AND TEMPERATURE AVAILABILITY (continued) 

D DB DBV DW FK J JG N NE P PW U W 

(20l0 (14l0 (14lO 

(Slo 

(14l# (14l# 

(Sl# (Sl# 

(20)0 (S)O 

(SlC (SlM (SlC (10lM 

(SlC,I,M (20lM (SlM (SlC,I,M 

(SlC,I,M (20lM (SlM (SlC,I,M 

(14lC,I,M (20lM (14lM (14lC,I,M (14lC 

(SlC,I,M (20lM (SlM (SlC,I,M 

(SlC,I,M (20lM (SlM (SlC,I,M 

(14lC,I,M (20lM (14lM (14lC,I,M 

(SlC,1 (20lM (SlM (SlC,1 (SlC (10lM 

(SlC,1 (20lM (SlM (SlC,1 (SlC (10lM 

(14lC,1 (20lM (14lM (14lC,I,M (14lC 

(30)C 

(SlC,I,M (SlC,I,M (SlC 

(SlC,1 (20lM (SlM (SlC,1 (SlC 

(SlC,1 (20lM (SlM (SlC,1 (SlC 

(14lC,1 (20lM (14lM (14lC,I,M (14lC (10lM 

(30lC 

(SlC,1 (20lM (SlM (SlC,1 (SlC 

(SlC,1 (20)M (SlM (SlC,1 (S)C 

(14lC,1 (20lM (14lM (14lC,I,M (14lC 

(30lC 

(SlZ (SlZ 

(14lZ (14lZ 

(SlC (SlC 

(SlC (SlC 

(14lC (14lC (14lC 

(SlC (SlC 

(14lC (14lC (14lC 

(S)C (8lC 

y= 25°C, C or t = O°C to 70°C § = -20°C to 85°C 11 =-25°C to 85°C I or # = -40°C to 85°C 
:J: = -40°C to 105°C 1< = -40~C to 125°C Z = -40°C to 150°C M or 0 = -55°C to 125°C 

Y(CHIP) 

Y 

Y 

Y 

Y 

Y 

Y 

y 

y 

Y 

Y 

Y 

y 

y 

y 

y 

y 

y 

y 

y 
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DEVICE 

TLC25M4 

TLC271 

TLC272 
I 
, TLC274 

TLC274x2 

TLC277 

TLC279 

TLC27L1 

TLC27L2 

TLC27L4 

TLC27L7 

TLC27L9 

TLC27M2 

TLC27M4 

TLC27M7 

TLC27M9 

TLC1078 

TLC1079 

TLC2201 

TLC2202 

TLC2252 

TLC2254 

TLC2262 

TLC2264 

TLC2272 

TLC2274 

TLC2652 

TLC2654 

TLC2801 

TLC281 0 

TLC2872 

SYMBOLS: 

AMPLIFIERS - PACKAGE AND TEMPERATURE AVAILABILITY (continued) 

D DB DBV DW FK J JG N NE P PW U W 

(14lC (14lC (14lC 

(8lC,I,M (20lM (8lM (8lC,I,M 

(8lC,I,M (20lM (8lM (8lC,I,M (8lC 

(14lC,I,M (20lM (8lM (14lC,I,M (14lC 

(30lC 

(8lC,I,M (20lM (8lM (8lC,I,M 

(14lC,I,M (20lM (14lM (14lC,I,M 

(8lC,I,M (8lC,I,M 

(8lC,I,M (20lM (8lM (8lC,I,M 

(14lC,I,M (20lM (14lM (14lC,I,M (14lC 

(8lC,I,M (20lM (8lM (8lC,I,M 

(14lC,I,M (20lM (14lM (14lC,I,M 

(8lC,I,M (20lM (8lM (8lC,I,M 

(14lC,I,M (20lM (14lM (14lC,I,M (14lC 

(8lC,I,M (20lM (8lM (8lC,I,M 

(14lC,I,M (20lM (14lM (14lC,I,M 

(8lC,I,M (20lM (8lM (8lC,I,M 

(14lC,I,M (20lM (14lM (14lC,I,M 

(8)C,I,M (20lM (8lM (8lC,I,M 

(14lC,I,M (20lM (8lM (8lC,I,M 

(8lC,1 (20lM (8lM (8lC,1 (8)C,1 (10lM 

(14lC,I* (20lM (14lM (14lC,I* (8lC,I* (14lM 

(8lC,I* (20lM (8lM (8)C,I* (8lC,I* (10lM 

(14lC,I* (20lM (14lM (14lC,I* (14lC,I* (14lM 

(8lC,I,M (8lC,I,M (8lC 

(14lC,I,M (20)M (14lM (14lC,I,M (14lC,1 (14lM 

(8lC,I,M (20lM (14lM (8lM (14lC,I,M (8lC,I,M (14lC,I,M 

(8lC,I,M 
(20lM (14lM (8lM (14lC,I,M (8)C,I,M (14lC,I,M 

(8lZ (8)Z 

(8lZ (8lZ 

(8lZ (8lZ 

Y=25°C, Cor t = O°Cto 70°C § = -20°C to 85°C 11 = -25°C to 85°C I or It = -40°C to 85°C 
:J: = _40°C to 105°C * = -40°C to 125°C Z=-40°Cto 150°C M or 0 = -55°C to 125°C 

Y(CHIP) 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
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DEVICE 

TlC4501 

TLC4502 

TLE2021 

TLE2022 

TLE2024 

TLE2027 

TLE2037 

TLE2061 

TLE2062 

TLE2064 

TLE2071 

TLE2072 

TLE2074 

TLE2081 

TLE2082 

TLE2084 

TLE2141 

TLE2142 

TLE2144 

TLE2161 

TLE2227 

TLE2237 

TLE2301 

TLE2662 

TLE2682 

TLV2211 

TLV2221 

TLV2231 

TLV2252 

TLV2254 

TLV2262 

TLV2264 

TLV2322 

SYMBOLS: 

AMPLIFIERS - PACKAGE AND TEMPERATURE AVAILABILITY (continued) 

D DB DBV DW FK J JG N NE P PW U W 

(8)C,1 

(8)C,1 

(8)C,I,M (8)C (20)M (8)M (8)C,I,M (8)C 

(8)C,I,M (8)C (20)M (8)M (8)C,I,M (8)C 

(16)C,I,M (20)M (14)M (14)C,I,M 

(8)C,rf:,M (20)M (8)M (8)C,I'I:,M 

(8)C,rI:,M (20)M (8)M (8)C,rI:,M 

(8)C,I,M (8)C (20)M (8)M (8)C,I,M (8)C 

(8)C,I,M (20)M (8)M (8)C,I,M 

(14)C,I,M (20)M (14)M (14)C,I,M 

(8)C,1 (20)M (8)M (8)C,1 

(8)C,1 (20)M (8)M (8)C,1 

(16)C,1 (20)M (14)M (14)C,1 

(8)C (20)M (8)M (8)C 

(8)C,I,M (20)M (8)M (8)C,I,M 

(16)C (20)M (14)M (14)C,1 

(8)C,I:t:,M (20)M (8)M (8)C,I:t:,M 

(8)C,I:t:,M (20)M (8)M (8)C,I:t:,M (8)C 

(16)C,I:t:,M (20)M (14)M (14)C,I:t:,M 

(8)C,I,M (20)M (8)M (8)C,I,M 

(16)C (8)C 

(16)C (8)C 

(16)1 

(16)1 

(16)1 

(5)C,1 

(5)C,1 

(5)C,1 

(8)1 (20)M (8)M (8)1 (8)1 (10)M 

(14)1 (20)M (14)M (14)1 (14)1 (14)M 

(8)1 (20)M (8)M (8)1 (8)1 (10)M 

(14)1 (20)M (14)M (14)1 (14)1 (14)M 

(8)1 (8)1 (8)1 

Y=25°C, e or t = O°C to 70°C § = -20°C to 85°C 11 = -25°C to 85°C I or # = -40°C to 85°C 

:t: = -40°C to 105°C * =.-40°C to 125°C Z = -40°C to 150°C M or 0 = -55°C to 125°C 

Y(CHIP) 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
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~ AMPLIFIERS ~ PACKAGE AND TEMPERATURE AVAILABILITY (continued) 

DEVICE 0 DB DBV OW FK J JG N NE P PW U 

TLV2324 (14)1 (14)1 (14)1 

TLV2332 (8)1 (8)1 (8)1 

TLV2334 (14)1 (14)1 (14)1 

TLV2341 (8)1 (8)1 (8)1 

TLV2342 (8)1 (8)1 (8)1 

TLV2344 (14)1 (14)1 (14)1 

TLV2361 (5)C,1 

TLV2362 (8)§ (8)§ (8)§ 

TLV2432 (8)C,1 (20)M (8)M (8)C,1 (10)M 

TLV2442 (8)C,1 (20)M (8)M (8)C,1 (10)M 

1JA741 (8)C,1 (20)M (14)M (8)M (8)C,1 (8)C (10)M 

~ 
!fi-... 

~.~ .... 
x~d 

!~~ 
~"'~ 
~~ 

SYMBOLS: Y=25°C, Cort = OOC 10 70°C § = -20·C 10 85°C 11 = -25°C 10 85°C I or # = -40OC 10 85°C 
:j: = -40°C 10 105°C * = -40°C 10 125°C Z.= -40°C to 150°C M or 0 = -55°C to 125°C. 
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W Y(CHIP) 

Y 
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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. 

PART NO. 

ALD1701, ALD1702, 
or ALD1703 

AD510 or AD517 

AD712J 

J1A714 

J1A714L 

J1A741 

J1A771 

J1A771A 

J1A771B 

J1A771L 

J1A772 

J1A772A 

J1A772B 

J1A772L 

J1A774 

J1A774B 

J1A774L 

OPA111 

OPA211 

ICL7611, ICL7612, 
or ICL7613 

ICL7621 

ICL7641 

ICL7642 

ADVANCED LINEAR DEVICES 

DIRECTTI SUGGESTED TI 
REPLACEMENT REPLACEMENT 

J1A741 

TLC271 

ANALOG DEVICES 

OP07 

TLE2082A 

FAIRCHILD 

OP07C 

OP07D 

TL071 

TL071B 

TL081B 

TL071 A 

TL081 A 

TL081 

TL072 

TL072B 

TL072A 

TL082A 

TL082 

TL074 

TL074A or TL074B 

TL084 

BURR BROWN 

TLC2201 

TLC2202 

GENERAL ELECTRIC 

TLC271 

TLC272 

TLC274 

TLC27L9 

TLC27M9 

="1 ~ TEXAS 
NSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

PAGE NO. 

3-415 

3-95 

6-225 

3-95 

3-95 

6-909 

3-279 

3-279 

3-307 

3-279 

3-307 

3-307 

3-279 

3-279 

3-279 

3-307 

3-307 

3-279 

3-279 

3-307 

3-767 

3-767 

3-415 

3-485 

3-617 

3-669 

3-705 

5-31 



OPERATIONAL AMPLIFIER 
CROSS-REFERENCE GUIDE 

PART NO. 

HA2515 

HA5127 

HA5135-5 

HA5137 

ICL7611, ICL7612, 
or ICL7613 

ICL7621 

ICL7641 

ICL7642 

ICL7652 

LT1001 

LT1007 

LT1037 

LTC 1 052 

ICL7611, ICL7612, 
or ICL7613 

ICL7621 

ICL7641 

ICL7642 

ICL7652 

MC1458 

MC1558 

MC1741 

MC.3403 

MC4558 

MC4741 

MC34001 

5-32 

HARRIS 

DIRECTTI SUGGESTED TI 
REPLACEMENT REPLACEMENT 

LM318 

TLE2027 

OP07C 

TLE2037 

INTERSIL 

TLC271 

TLC272 

TLC274 

TLC27L9 

TLC27M9 

TLC2652 

TLC2654 

LINEAR TECHNOLOGY 

OP07C or OP07D 

TLE2027 

TLE2037 

TLC2652 

TLC2654 

MAXIM 

TLC271 

TLC272 

TLC274 

TLC27L9 

TLC27M9 

TLC2652 

TLC2654 

MOTOROLA 

MC1458 

MC1558 

1JA741 

RC4136 

RC4558 

LM348 

TL071 

LF351 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

PAGE NO. 

~13 

6-59 

~95 

6-59 

3-415 

3-485 

~17 

~69 

~705 

~983 

~1007 

~95 

6-59 

6-59 

~983 

~1007 

3-415 

3-485 

~17 

~69 

~705 

~983 

~1007 

~75 

~75 

6-909 

~101 

~105 

~17 

~279 

~5 



PART NO. 

MC34002 

MC34004 

MC34004B 

MC34071 
MC34072 
MC34181 
MC34182 
MC34184 

LF347 

LF347B 

LF351 

LF353 

LF411 

LF411A 

LF412 

LF412-1A 

LF441 

LF441 A 

LF442 

OPERATIONAL AMPLIFIER 
CROSS·REFERENCE GUIDE 

MOTOROLA (CONTINUED) 

DIRECTTI SUGGESTED TI 
REPLACEMENT REPLACEMENT 

TL072 
LF353 
TL074 
LF347 
TL074A 
LF347B 
TLE2141 
TLE2142 
TLE2061 
TLE2062 
TLE2064 

NATIONAL 

LF347 
TL074 
TL084 

LF347B 

LF351 

LF353 

LF411 

LF412 

TL074A or TL074B 
TL084A 

TL071 
TL081 A 

TL072 or TL072A 
TL082A 

TL081 A 
TL071 A or TL071 B 
TL081 A or TL081 B 

TL072A 
TL082A or TL082B 
TLE2082 
TL061 
TLE2061 
TL061 A orTL061B 
TL062 
TLE2062 

~TEXAS 
INSTRUMENTS 
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PAGE NO. 

3-279 
3-7 
3-279 
3-3 
3-279 
3-3 
6-287 
6-287 
6-93 
6-93 
6-93 

3-3 
3-279 
3-307 
3-3 
3-279 
3-307 
3-5 
3-279 
3-307 
3-7 
3-279 
3-307 
3-9 
3-307 
3-279 
3-307 
3-11 
3-279 
3-307 
6-225 
3-233 
6-93 
3-233 
3-233 
6-93 

5-33 



OPERATIONAL AMPLIFIER 
CROSS-REFERENCE GUIDE 

PART NO. 

LF442A 

LF444 

LF444A 

LH0044 

LH0044B 

LM201A 

LM218 

LM224 

LM248 

LM258 

LM318 

LM324 

LM348 

LM358 

LM741 

LM883 

LM1458 

LM2900 

LM2902 

LM2904 

LM3900 

LMC660 

UMC662 

uPC159 

uPC251 

uPC354 

uPC801 

5-34 

NATIONAL (CONTINUED) 

DIRECTTI SUGGESTED TI 
REPLACEMENT REPLACEMENT 

TL062B 

TL064 

TLE2064 

TL064A 

OP07C 

OP07D 

LM201A 

LM218 

LM224 

LM248 

LM258 

LM318 

LM324 

TLE2024 

LM348 

LM358 

TLE2022 

J.lA741 

RC4558 

MC1458 

LM2900 

LM2902 

LM2904 

LM3900 

TLC274 

TLC2202 

NEC 

LM318 

MC1458 

OP07 

TL071 

TL081 A 

LF351 

~TEXAS 
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PAGE NO. 

3-233 

3-;-233 

6-93 

3-233 

3-95 

3-95 

3-13 

3-13 

3-17 

3-17 

3-29 

3-13 

3-17 

6-3 

3-17 

3-29 

6-3 

6-909 

3-105 

3-75 

3-43 

3-17 

3-29 

3-43 

3-617 

3-767 

3-13 

3-75 

3-95 

3-279 

3-307 

3-5 



PART NO. 

OP-02 

OP-07C 

OP-07D 

OP-07F 

OP-14C or OP-14E 

OP-14J 

OP-15F 

OP-215F 

OP-215G 

OP-21 

OP-27 

OP-37 

OP-221 

OP-421 

RC4136 

RC4156 

RC4157 

RC4558 

CA081 A 

CA081 A 

CA082 

CA082A 

CA084 

PMI 

OPERATIONAL AMPLIFIER 
CROSS-REFERENCE GUIDE 

DIRECTTI SUGGESTED TI PAGE NO. REPLACEMENT REPLACEMENT 

1JA741 

OP07C 

OP07D 

RC4136 

MC1458 

MC1558 

TL071 

TL081 A 

LF351 

TL072 

TL082A 

LF353 

TLE2082 

TLE2082A 

TLE2021 

TLE2027 

TLE2037 

TLE2022 

TLE2024 

RAYTHEON 

RC4136 

LM348 

LM348 

RC4558 

RCA 

TL081 

TL081 A 

TL082 

TL082A 

TL084 

~TEXAS 
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6-909 

3-95 

3-95 

3-101 

3-75 

3-75 

3-279 

3-307 

3-5 

3-279 

3-307 

3-7 

6-225 

6-225 

6-3 

6-59 

6-59 

6-3 

6-3 

3-101 

3-17 

3-17 

3-105 

3-307 

3-307 

s:-307 

3-307 

3-307 

5-35 



OPERATIONAL AMPLIFIER 
CROSS-REFERENCE GUIDE 

PART NO. 

NE532c 

NE5532 

NE5532A 

NE5534, 

NE5534A 

SE5534 

SE5534A 

TS271 

TS271 A 

TS2718 

TS272 

TS272A 

TS2728 

TS274 

TS274A 

TS2748 

TS27L2 

TS27L2A 

TS27L28 

TS27L4 

TS27L4A 

TS27L48 

TS27M2 

TS27M2A 

TS27M28 

TS27M4 

TS27M4A 

TS27M48 

SIGNETICS 
DIRECTTI SUGGESTED TI 

REPLACEMENT REPLACEMENT 
LM358 

TL022 

NE5532 

NE5532A 

NE5534 

TLE2037 

NE5534A 

TLE2037A 

SE5534 

SE5534A 

SGS-THOMSON 
TLC271 

TLC271A 

TLC2718 

TLC272 

TLC272A 

TLC2728 

TLC274 

TLC274A 

TLC2748 

TLC27L2 

TLC27L2A 

TLC27L28 

TLC27L4 

TLC27L4A 

TLC27L48 

TLC27M2 

TLC27M2A 

TLC27M28 

TLC27M4 

TLC27M4A 

TLC27M48 

~TEXAS 
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3-29 

3-111 

3-85 

3-85 

3-89 

6-59 

3-89 

6-59 

3-89 

3-89 

3-415 

3-415 

3-415 

3-485 

3-485 

3-485 

3-617 

3--617 

3-617 

3-551' 

3-551 

3-551 

3-669 

3-669 

3-669 

3-583 

3-583 

3-583 

3-705 

3-705 

3-705 



OPERATIONAL AMPLIFIER 
GLOSSARY 

alia 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. 

(1lOat TA(1)) - (110 at TA(2)) 

(l1l0 = T A(1) - T A(2) 

where TA(1) and TA(2) are the specified temperature extremes. 

aYIO Average Temperature Coeffiicient of Input Offset Voltage 

tNcc 

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 T A(1i) - (VIO at T A(2)) 

T A(l) - T A(2) 

where TA(1) and TA(;2) are the specified temperature extremes. 

See ksvs 

See ksvs 

cjlm 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. 

Am Gain Margin 

The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase 
shift is such that the output is in phase with the inverting input. 

Ay 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 

AYD Differential Voltage Amplification 

The ratio of the change in output to the change.in differential input voltage producing it with the common-mode 
input voltage held constant 

B1 Unity-Gain Bandwidth 

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

BaM Maximum-Output-Swing Bandwidth 

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

Cj Input Capacitance 

. The capacitance between the input terminals with either input grounded 

~TEXAS 
INSTRUMENTS 
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OPERATIONAL AMPLIFIER 
GLOSSARY 

CMRR.~MR 
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. 

F 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. 

Icc+.lcc-
Supply Current 

The current into the VCC+ or VCC- terminal of an integrated circuit 

liB Input Bias Current 

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

110 Input Offset Current 

The difference between the currents into the two input terminals with the output at the specified level 

In 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. 

10L 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. 

lOS Short-Circuit Output Current 

kcMR 

The maximum output current available from the amplifier with the output shorted to ground, to either supply, 
or to a specified point 

SeeCMRR 

ksvs. 6Vcc. 6 VJO 
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. 

ksVR 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. 

Po Total Power Dissipation 

5-38 

The total dc power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Po = Vcc+. Icc+ + Vcc-· Icc-

~lExAs 
INSTRUMENTS 
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rj Input Resistance 

The resistance between the input terminals and either input grounded 

rid Differential Input Resistance 

The small-signal resistance between two ungrounded input terminals 

r 0 Output Resistance 

The resistance between an output terminal and ground 

SR Slew Rate 

OP~RATIONAL AMPLIFIER 
GLOSSARY 

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

tr Rise Time 

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

ttot 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. 

VI Input Voltage Range 

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

VIO 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. 

VIC Common-Mode Input Voltage 

The average of the two input voltages 

VICR Common-Mode Input Voltage Range 

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

Vn 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. 

V01NO~ 
Crosstalk Attenuation 

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

VOH 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. 

VOL 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. 

-!I1TEXAS 
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OPERATIONAL AMPLIFIER 
GLOSSARY 

VIO D/fferentiallnput Voltage 

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

VOM 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. 

VO(PP) 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. 

zic Common-Mode Input Impedance 

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

Zo Output Impedance 

5-40 

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. 

~TEXAS 
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COMPARATORS (Listed Alphanumerically) 

VDoNcc VDoNcc IDoIIcc VIO VICR VICR IOL tRESP 
DEVICE (V) (V) (mA per channel) (my) (V) (V) (mA) WS) DESCRIPTION 

min max max max min max min low-to-high 

LM111 3.5 30 6 3 -14.7 13.8 0.115 Single, strobed differential 

LM139 3.5 30 0.8 5 0 6 0.3 Quad, general purpose differential 

LM211 3.5 30 6 3 -14.7 13.8 0.115 Single, strobed differential 

LM239 3.5 30 0.8 5 0 6 0.3 Quad, general purpose differential 

LM306 -6 12 6.8 5 -5 5 100 0.028 Single, strobed, high speed differential 

LM311 3.5 30 7.5 7.5 -14.7 13.8 0.115 Single, strobed differential 

LM339 4 30 0.8 5 0 6 0.3 Quad, general purpose differential 

LM339x2 4 30 0.5 5 0 3.5 6 0.3 Octal, general purpose differential 

LM393 4 36 1 5 0 6 0.3 Dual, general purpose differential 

LM2901 4 30 0.8 7 0 6 0.3 Quad, general purpose differential 

LM2903 2 36 1 7 0 6 0.3 Dual, general purpose differential 

LM3302 2 28 0.2 20 0 3.5 6 0.3 Quad, general purpose differential 

LP111 4 30 0.3 7.5 -14.5 13.5 1.2 Single, low-power, strobed. differential 

LP211 4 30 0.3 7.5 -14.5 13.5 1.2 Single, low-power, strobed differential 

LP239 5 30 0.1 ±5 0 1.3 Quad, low-power, general purpose differential 

LP311 4 30 0.3 7.5 -14.5 13.5 1.2 Single, low-power, strobed differential 

LP339 5 30 0.1 ±5 0 1.3 Quad, low-power, general purpose differential 

LP2901 5 30 0.1 ±5 0 1.3 Quad, low-power, general purpose differential 

TL193 2 7 0.8 5 0 3.8 6 0.2 Dual, general purpose differential 

TL293 2 7 0.8 5 0 3.8 6 0.2 Dual, general purpose differential 

TL393 2 7 0.8 5 0 3.8 6 0.2 Dual, general purpose differential 

TL712 4.75 5.25 20 5+ 0 5 16 0.025 Differential 

TL714 4.75 5.25 12 10+ 0 5 16 0.006 High-speed differential 

TL3016t -7 7 12.5 3 -3.75 3.5 Ultra-fast low-power precision 

TL3116t -7 7 14.7 3 -5 2.5 Ultra-fast low-power precision 

TLC139 3 16 0.08 5 0 Quad, micropower, LinCMOS 

TLC339 3 16 0.08 5 0 Quad, micropower, LinCMOS 

TLC352 1.4 16 0.15 5 0 4 6 0.2 Dual, low voltage, LinCMOS differential 

TLC354 1.4 16 0.15 5 0 4 6 0.2 Quad, low voltage, LinCMOS differential 

TLC371 3 16 0.15 5 0 4 6 0.2 Single general purpose LinCMOS differential 

TLC372 3 16 0.15 5 0 4 6 0.2 Dual general purpose LinCMOS differential 
This device is in the Advanced Information stage of development. 
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DEVICE 

TLC374 

TLC393 

TLC3702 

TLC3704 

TLV1391 

TLV1393 

TLV2352 

TLV2354 

TLV2393 

vDoNcc VDoNcc 
(V) (V) 
min max 

3 16 

3 16 

3 16 

3 16 

2 7 

2 7 

2 8 

2 8 

2 __ 7 

COMPARATORS (Listed Alphanumerically) (continued) 

IDoIIcc VIO VICR VICR IOL tRESP 
(mA per channel) (mV) (V) (V) (mA) (Jts) DESCRIPTION 

max max min max min low-to-hlgh 

0.15 5 0 4 6 0.2 Quad general purpose LinCMOS differential 

0.02 5 0 4 6 1.1 Dual, mici'opower, LinCMOS vo~age 

0.02 5 0 4 4 1.1 Dual, micropower, push-pull outputs, UnCMOS voltage 

0.02 5 0 4 4 1.1 Quad, micropower, push-pull outputs, UnCMOS voHage 

0.150 5 0 3.8 0.600 0.65 Single differential 

0.125 5 0 1.8 0.5 0.7 Duallow-voltage, low power differential 

0.125 5 0 2 6 0.2 Dual low voHage LinCMOS differential 

0.125 5 0 2 6 0.2 Quad low voltage LinCMOS differential 

0.65 5 0 1.8 4 0.45 Dual low voltage differential 

PAGE 
NO. 

7-149 

7-161 

7-177 

7-199 

7-223 

7-235 

7-251 

7-265 

7-235 

(1)0 me r-s::: m 
o~ 
::::!::D 
e~ Ze 
G)::D s: 
c 
m 



DEVICE 0 

LM111 

LM139 (14)0 

LM139A (14)0 

LM193 (8)0 

LM211 (8)~ 

LM239 (14)§ 

LM239A (14)§ 

LM2901 (14)* 

LM2901Q (14)* 

LM2903 (8)* 

LM2903Q (8)* 

g LM293 (8)§ 

!~4r 
m~d 
~~~ 
~rt1G; 

;~ 
~ 
81 

LM293A (8)§ 

LM306 (8)t 

LM311 (8)t 

LM3302 (14)' 

LM339 (14)t 

LM339A (14)t 

LM339x2 

LM393 (8)t 

LM393A (8)t 

LP111 

LP211 (8)§ 

LP239 (14)§ 

LP2901 (14)' 

LP311 (8)t 

LP339 (14)t 

TL393 (8)# 

TL712 (8)C 

TL714 (8)C 

TL3016 (8)C,1 

TL3116 (8)C,1 

TLC139 

I 
SYMBOLS: 

COMPARATORS - PACKAGE AND TEMPERATURE AVAILABILITY 

DB DBV FK J JG N P PW U W Y(CHIP) 

(20)0 (14)0 (8)0 (10)0 

(14)0 (14)0 (14)0 

(20)0 (14)0 (14)0 

(20)0 (8)0 (8)0 

(8)~ 

(14)§ 

(14)§ 

(14)* (14)* 

(14)* 

(8)* (8)* (8)* 

(8)* 

(8)§ 

(8)§ 

(8)t 

(8)t (8)t (8)t Y 

(14)~ (14)~ 

(14)t (14)t (14)t Y 

(14)t Y 

(30)t 

(8)t (8)t (8)t Y 

(8)t. Y 

(20)0 (8)0 

(8)§ (8)§ 

(14)§ (14)§ 

(14)~ (14)~ 

(8)t (8)t 

(14)t (14)t 

(8)# (8)# Y 

(8)C (8)C (8)C 

(8)C 

(8)C,1 Y 

(8)C,1 Y 

(20)M (14)M 

Y=25°C, C or t = O°C to 70°C § = -25°C to 85°C I or ~ = -40°C to 85°C 
# = _40°C to 105°C Q or * = -40°C to 125°C M or 0 = -55°C to 125'C 
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en 
m 
rmo 
00 
:::!3: 
~~ 
C):D 
c:~ 
-0 
~:D 



~ 

~-~ ~ 2 !!iii. men 
~~mI 
'"t:~ ~~Gi 
~~ 
~cn 
~ 

COMPARATORS - PACKAGE AND TEMPERATURE AVAILABILITY (continued) 

DEVICE 0 DB DBV FK J JG N P PW U W Y(CHIP) 

TLC339 (14)C,I,Q,M (14)C,I,Q,M 

TLC352 (8)C,1 (20)M (8)M (8)C,1 

TLC354 (14)C,I,M (14)C,I,M (14)C Y 

TLC371 (8)C,I,M (8)C,I,M Y 

TLC372 (8)C,I,Q,M (20)M (8)M (8)C,I,Q,M (8)C Y 

TlC374 (14)C,I,M,Q (20)M (14)M (14)C,I,M,Q (14)C 

TLC393 (8)C,I,M (20)M (8)M (8)C,I,M 

TLC3702 (8)C,1 (20)M (8)Q,M (8)C,1 

TLC3704 (14)C,1 (20)M (14)Q,M (14)C,1 

TLV1391 (5)C,1 Y 

TLV1393 (8)# (8)# (8)# Y 

TLV2352 (8)1 (8)1 (8)1 Y 

TLV2354 (14)1 (14)1 (14)1 Y 

TLV2393 (8)# (8)# (8)# Y 

SYMBOLS: Y=25°C, C or t = O°C to 70°C § = -25°C to 85°C I or 11 = -40°C to 85°C 
# = -40°C to 105°C Q or * = -40°C to 125°C M or 0 = -55°C to 125°C 
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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. 

PART NO. 

LT1017 

LT1018 

LM311 

LM339 

LM393 

LM2901 

LM3302 

LP339 

CMP04F 

LINEAR TECHNOLOGY 

DIRECTTI SUGGESTED TI 
REPLACEMENT REPLACEMENT 

TLC352 
TLC3702 
TLC352 
TLC3702 

NATIONAL 

LM311 
LM339 

TLC339 
LM393 

TLC393 
LM2901 

TLC339 
LM3302 
LP339 

TLC339 
PMI 

LM339 
LM2901 
LM3302 
TLC339 

~TEXAS 
INSTRUMENTS 
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7-109 
7-177 
7-109 
7-177 

7-3 
7-19 
7-93 
7-27 
7-161 
7-19 
7-93 
7-45 
7-53 
7-93 

7-19 
7-19 
7-45 
7-93 
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COMPARATOR 
GLOSSARY 

(lIlO 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. 

(110 at TA(1)) - (110 at TA(2)) 

aliO = T A(1) - TA(2) 

where TA(1) and TA(2) are the specified temperature extremes. 

(lVIO 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)) 

T A(1) - T A(2) 

where TA(1) and TA(2) are the specified temperatur~ extremes. 

Avo Differential Voltage Amplification 

CMRR 

The ratio of the change in output to the change in differential input voltage producing it with the common-mode 
input voltage held constant 

SeekCMR 

Icc+.lcC-
supply Current 
The current into the Vcc+ or Vcc- terminal of an integrated circuit 

IIH(S) High-Level Strobe Current 
The current flowing into or out oft the strobe at a high-level voltage 

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

Low-Level Strobe Current 
The current flowing out oft the strobe at a low-level voltage 

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

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. 

IOL 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 orCMRR 
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. 

~TEXAS 
INSTRUMENTS 
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Po Total Power Dissipation 

COMPARATOR 
GLOSSARY 

The total dc power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Po = Vcc+· IcC+ + Vcc-. Icc_· 

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 non inverting 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-Iow-Ievel 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. 

~TEXAS 
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SPECIAL FUNCTIONS 
SELECTION GUIDE . 

IDoIIcc TIMING 
DEVICE (rnA) TO FROM 

NE555 ±2oo 10~ Hours 

NE556 ±200 10~ Hours 

SA555 ±2oo 10~ Hours 

SA556 ±200 10~ Hours 

SE555 ±2oo 1~ Hours 

SE555C ±2oo 111S Hours 

SE556 ±2oo 1~ Hours 

SE556C ±200 111S Hours 

TLC551 
100 

111S Hours -1Ot 

TLC552 
100 

1~ Hours -10t 

100 
TLC555 111S Hours -10 

100 
TLC556 111S Hours -10 

This arameter is at 1-Vo p pe ration. 

VDoNcc IDoIIcc 
DEVICE (V) (rnA per channel) 

min max typ 

TLS1233 11 to 13 84 

TLS1255 11 to 13 110 

!!A733 

PRECISION TIMERS 

TA PACKAGES 

O°Cto 70°C D,P,Y 

O°Cto 70°C D,N 

-40°C to 85°C D,P 

-40°C to 85°C D,N 

-55°C to 125°C D, FK,JG, P 

-55°C to 125°C D, FK,JG, P 

-55°C to 125°C D, FK, J, N 

-55°C to 125°C D, FK,J, N 

O°C to 70°C D,P, Y 

0°Ct070°C D,N 

O°Cto 70°C 
-40°C to 85°C D, FK, JG, P, Y 
-55°C to 125°C 

O°Cto 70°C 
-40°C to 85°C D, FK, J, N 
-55°C to 125°C 

VIDEO AMPLIFIERS 

BW tr(Vldeo~ I tf(video) 
(MHz) ns) 

100 3.5 

100 3.5 

200 2.5 

~TEXAS 
INSTRUMENTS 

AV 
(VN) 
(max) 

7.8 

7.6 

12 
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PAGE 
DESCRIPTION NO. 

Single bipolar timer 

Dual bipolar timer 

Single bipolar timer 

Dual bipolar timer 

Single bipolar timer 

Single bipolar timer 

Dual bipolar timer 

Dual bipolar timer 

Single LinCMOS high-
speed timer 

Dual LinCMOS high-speed 
timer 

Single LinCMOS high-
speed timer 

Dual LinCMOS high-speed 
timer 

PAGE 
DESCRIPTION NO. 

video preamplifier system 

Video preamplifier system 

Video amplifier with internal fre-
quency compensation 
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TLE202x,TLE202xA,TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 

• Supply Current .•• 230 tJA Max 
• High Unity-Gain Bandwidth ••• 2 MHz Typ 
• High Slew Rate ••• 0.45 VljlS Min 
• Supply-Current Change Over Military Temp 

Range ... 10 tJA Typ at Vee ± = ± 15 V 
• Specified for Both 5-V Single-Supply and 

±15-V Operation 

• Phase-Reversal Protection 

description 

SLOS191 - FEBRUARY 1997 

• High Open-Loop Gain ••• 6.5 VI~V 
(136 dB) Typ 

• Low Offset Voltage .•. 1 00 ~V Max 
• Offset Voltage Drift With Time 

0.005 ~Vlmo Typ 

• Low Input Bias Current ..• 50 nA Max 
• Low Noise Voltage •.. 19 nVl..fHz Typ 

The TLE202x, TLE202xA, and TLE202xB devices are precision, high-speed, low-power operational amplifiers 
using a new Texas Instruments Excalibur process. These devices combine the best features of the OP21 with 
highly improved slew rate and unity-gain bandwidth. 

The complementary bipolar Excalibur process utilizes isolated vertical pnp transistors that yield dramatic 
improvement in unity-gain bandwidth and slew rate over similar devices. 

The addition of a bias circuit in conjunction with this process results in extremely stable parameters with both 
time and temperature. This means that a preCision device remains a precision device even with changes in 
temperature and over years of use. 

This combination of excellent dc performance with a common-mode input voltage range that includes 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. 

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

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

-!!1TEXAS 
INSTRUMENTS 
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TLE202x, TLE202xA,TLE202xB,TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TLE2021 AVAILABLE OPTIONS 

PACKAGED DEVICES 

Vlomax CHIP TA SMALL 
SSOP* CERAMIC DIP AT 25°C OUTLINEt CARRIER 

(D) 
(DB) 

(FK) 
(JG) 

O°Cto 200llV TL.E2021ACD - -

PLASTIC DIP TSSOP* 
(P) (PW) 

TLE2021ACP -
70°C 500 llV TLE2021CD 

TLE2021 COBLE 
TLE2021CP TLE2021CPWLE 

-40°C 
200 llV TLE2021 AID TLE2021AIP to 
500llV TLE202110 

- - - TLE20211P -
85°C 

-55°C lOOIlV - TLE2021BMFK TLE2021 BMJG -
to 200llV TLE2021AMD - TLE2021AMFK TLE2021AMJG TLE2021 AMP -

125°C 500llV TLE2021MD TLE2021MFK TLE2021MJG TLE2021MP 

t The 0 packages are available taped and reeled. To order a taped and reeled part, add the suffix R (e.g., TLE2021 CDR). 
:j: The DB and PW packages are only available left-end taped and reeled. ; 
§ Chip forms are tested at 25°C only. 

TLE2022 AVAILABLE OPTIONS 

PACKAGED DEVICES 

Vlomax CHIP CERAMIC PLASTIC TA SMALL 
SSOP* TSSOP* AT 25°C OUTLINEt CARRIER DIP DIP 

(D) 
(DB) 

(FK) (JG) (P) 
(PW) 

O°C 150llV TLE2022BCD - - -
to 300 llV TLE2022ACD - - - TLE2022ACP -

70°C 500 llV TLE2022CD TLE2022CDBLE TLE2022CP TLE2022CPWLE 

-40°C 150llV TLE2022BID -
to 300llV TLE2022AID - - - TLE2022AIP -

85°C 500 llV TLE20221D TLE20221P 

-55°C 150llV - - TLE2022BMJG -
to 300llV TLE2022AMD - TLE2022AMFK TLE2022AMJG TLE2022AMP -

125°C 500llV TLE2022MD TLE2022MFK TLE2022MJG TLE2022MP 

:j: The 0 packages are available taped and reeled. To oerder a taped and reeled part, add the suffix R (e.g., TLE2022CDR). 
:j: The DB and PW packages are only available left-end taped and reeled. 
t Chip forms are tested at 25°C only. 

TLE2024 AVAILABLE OPTIONS 

PACKAGED DEVICES 
CHIP 

CHIP 
FORM§ 

(Y) 

-
TLE2021Y 

-

-

CHIP 
FORM§ 

(Y) 

-
-

TLE2022Y 

-

-.: 

Vlomax SMALL CHIP CERAMIC PLASTIC 
TA AT 25°C OUTLINE CARRIER DIP DIP 

FORMt 

(OW) (FK) (J) 

500llV TLE2024BCDW 
O°Cto 70°C 750llV TLE2024ACDW - -

1000llV TLE2024CDW 

500llV TLE2024BIDW 
-40°C to 85°C 750llV TLE2024AIDW - -

loo0llV TLE20241DW 

500llV TLE2024BMDW TLE2024BMFK TLE2024BMJ 
-55°C to 125°C 750llV TLE2024AMDW TLE2024AMFK TLE2024AMJ 

1000llV TLE2024MDW TLE2024MFK TLE2024MJ 

t Chip forms are tested at 25°C only. 

~TEXAS 
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(N) 
(V) 

TLE2024BCN -
TLE2024ACN -
TLE2024CN TLE2024Y 

TLE2024BIN 
TLE2024AIN -
TLE20241N 

TLE2024BMN 
TLE2024AMN -
TLE2024MN 



description (continued) 

TLE2021 
0, DB, JG, P, OR PW PACKAGE 

(TOP VIEW) 

IN- 2 7 Vcc+ 
IN + 3 6 OUT 

TLE202x, TLE202xA,TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191- FEBRUARY 1997 

TLE2021 
FKPACKAGE 
(TOP VIEW) 
~ 

Z 
I-
W 
(f) 
u. 

OFFSET N1 []8 NC 

Vcc _/GND 4 5 OFFSET N2 
~n5~~~ 

NC - No internal connection 

0, DB, JG, P, OR PW PACKAGE 
(TOP VIEW) 

10UT[]8 Vcc+ 
11N - 2 7 20UT 
11N + 3 6 21N-

Vcc_/GND 4 5 21N + 

NC - No internal connection 

~TEXAS 
INSTRUMENTS 

NC 
IN-
NC 

IN + 

NC 

NC 
11N-

NC 
11N + 

NC 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

4 
5 
6 
7 
8 

4 
5 
6 
7 
8 

3 2 1 2019 
18 
17 
16 
15 
14 

9 1011 1213 

~~~~~ 
f2 I-

W 
I (f) 

0 u. 
0 u. 
> 0 

FKPACKAGE 
(TOP VIEW) 

I- + 
05080 
z~z::>z 

3 2 1 2019 
18 
17 
16 
15 
14 

9 10 11 12 13 

0C0+0 
ZZZZZ 

C!:l -
__ C\I 

I 
o o 
> 

NC 

Vcc+ 
NC 
OUT 
NC 

NC 
20UT 
NC 
21N-
NC 

6--5 



TLE202x,TLE202xA,TLE202xB,TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

10UT 
11N-

VCC+ 
21N+ 
21N-

20UT 
NC 

DWPACKAGE 
(TOP VIEW) 

6 11 

40UT 
41N-
41N+ 

VCC_/GND 
31N+ 
31N-
30UT 
NC 

NC - No internal connection 

11N+ 
NC 

VCC+ 
NC 

21N+ 

4 

5 

6 

7 

8 

FKPACKAGE 
(TOP VIEW) 

I I- I- I 
Z:::>C,.):::>Z 
;:::~Z~~ 

3 2 1 2019 
18 

17 

16 

15 

14 
9 10 11 12 13 

41N+ 
NC 
VCC_/GND 
NC 

31N+ 

~TEXAS 
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J OR N PACKAGE 
(TOP VIEW) 

10UT 1 

VCC+ 
21N+ 
21N- 6 

20UT 7 

40UT 
41N-
41N+ 

11 VCC_/GND 
31N+ 
31N-



TLE2021 Y chip information 

TLE202x,TLE202xA,TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

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. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

~ ~ 
/'1'1'1'1'/'1'1'1'1'/'1'1'1'1'/'1'1'1'1'/'1'1'1'1'/'1'I 

~TEXAS 
INSTRUMENTS 

OFFSETN1 

IN+ 

IN-

OFFSETN2 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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TLE202x,TLE202xA,TLE202xB, TLE202xY 
EXCALIBUR HIGH·SPEEDLOW·POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

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. This chip may be mounted with 
conductive epoxy or a gOld-silicon preform. 

-= -= -= -= 

-= -= 
-= 
-= 
-= -= -= 
-= -= -= -= 
-= -= -= -= 

6-8 

BONDING PAD ASSIGNMENTS 

14 86 ~ 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' r'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l 
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IN+ 

OUT 
IN-

IN+ 
OUT 

(6) IN-

VCC-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNALLY CON'NECTED 
TO BACKSIDE OF CHIP. 



TLE202x, TLE202xA,TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TLE2024V chip information 

This chip, when properly assembled, displays characteristics similar to the TLE2024. Thermal compression or 
ultrasonic bonding may be used on the doped aluminum-bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

14 140 ~ 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
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11N+ 

1 OUT 
11N-

21N+ 
20UT 

21N-

30UT 

41N+ 

41N-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (11) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 



TLE202x,TLE202xA, TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

equivalent schematic (each amplifier) 

IN - - ........ .-+-1 

IN + ---......... -+-+---t--+-t 
D1 D2 

R1 

C1 
R2 

OFFSET N1 -+-+--+ 
(see Note A) R3 

OFFSET N2 -------' 
(see Note A) VCC_/GND 

ACTUAL DEVICE COMPONENT COUNT 

COMPONENT TLE2021 TLE2022 

Transistors 

Resistors 

Diodes 

Capacitors 

6-10 

40 80 

7 14 

4 8 

4 8 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • nALLAS. TEXAS 75265 

OUT 

TLE2024 

160 

28 

16 

16 



TLE202x,TLE202xA, TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

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

Supply voltage, VCC+ (see Note 1) ............................... . . . . . . . . . . . . . . . . . . . . . . . . .. 20 V 
Supply voltage, Vcc- (see Note 1) ......................................................... -20 V 
Differential input voltage, VIO (see Note 2) ................................................. ±0.6 V 
Input voltage range, VI (any input, see Note 1) ............................................... ±Vcc 
Input current, II (each input) ............................................................... ±1 mA 
Output current, 10 (each output): TLE2021 ................................................ ±20 mA 

TLE2022 ................................................ ±30 mA 
TLE2024 ................................................ ±40 mA 

Total current into Vcc+ ................................................................... 80 mA 
Total current out of Vcc- ................................................................. 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: C suffix ...................................... O°C to 70°C 

I suffix ..................................... -40°C to 85°C 
M suffix. . . . ... .. . ... . . . .... ... . . ..... . . ... -55°C to 125°C 

Storage temperature range, Tstg .................................................. -65°C to 150°C 
Case temperature for 60 seconds, T C: FK package ......................................... 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: 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 Vee +, and Vee-. 
2. Differential voltages are at IN+ with respect to IN-. Excessive current flows 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 TA = 25°C POWER RATING POWER RATING POWER RATING 

D-8 725mW 5.8mW/oC 464mW 377mW 145mW 

DB-8 525mW 4.2mW/oC 336mW 

DW-16 1025mW 8.2mW/oe 656mW 533mW 205mW 

FK 1375mW 11.0 mW/oC 880mW 715mW 275mW 

J-14 1375 mW 11.0 mW/oC 880mW 715mW 275mW 

JG-8 1050mW 8.4 mW/oC 672mW 546mW 210mW 

N-14 1150mW 9.2mW/oC 736mW 598mW 230mW 

P-8 1000 mW 8.0mW/oe 640mW 520mW 200mW 

PW-8 525mW 4.2mW/oC 336mW 

recommended operating conditions 
CSUFFIX I SUFFIX MSUFFIX 

UNIT 
MIN MAX MIN MAX MIN MAX 

Supply voltage, Vce ±2 ±20 ±2 ±20 ±2 ±20 V 

Ivcc=± 5V 0 3.5 0 3.2 0 3.2 
Common-mode input voltage, VIC I V 

VCC±=±15V -15 13.5 -15 13.2 -15 13.2 

Operating free-air temperature, TA 0 70 -40 85 -55 125 °C 

-!I1TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-11 
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TLE2021 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TAt 
TLE2021C TLE2021AC TLE2021BC 

PARAMETER TEST CONomONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 120 600 100 300 80 200 
VIO Input offset voltage 

Full range 850 600 300 
\lV 

aVIO 
Temperature coefficient of 

Full range 2 2 2 \lVlOC input offset voltage 

Input offset voltage long-term drift 
25°C 0.005 0.005 0.005 \lV/mo (see Note 4) VIC =0, RS=50n 
25°C 0.2 6 0.2 6 0.2 6 

110 Input offset current nA 
Full range 10 10 10 

25°C 25 70 25 70 25 70 
liB Input bias current nA 

Full range 90 90 90 

0 -0.3 0 -0.3 0 -0.3 
25°C to to to to to to 

3.5 4 3.5 4 3.5 4 
VICR Common-mode input voltage range RS=50n V 

0 0 0 
Full range to to to 

3.5 3.5 3.5 

25°C 4 4.3 4 4.3 4 4.3 
VOH High-level output voltage V 

Full range 3.9 3.9 3.9 
RL=10kn 

25°C 0.7 0.8 0.7 0.8 0.7 0.8 
VOL LOW-level output voltage V 

Full range 0.85 0.85 0.85 

Large-signal differential VO= 1.4 Vt04 V, 25°C 0.3 1.5 0.3 1.5 0.3 1.5 
AVO voltage amplification RL= 10kn Full range 0.3 0.3 0.3 

V/\lV 

VIC = VICRmin, 25°C 85 110 85 110 85 110 
CMRR Common-mode rejection ratio dB 

RS=50n Full range 80 80 80 

Supply-voltage rejection ratio 25°C 105 120 105 120 105 120 
kSVR VCC=5 Vto30V dB 

(AVCC/,WIO) Full range 100 100 100 

25°C 170 230 170 230 170 230 
ICC Supply current 

VO=2.5V, Full range 230 230 230 
IlA 

Supply-current change over No load 
AICC operating temperature range 

Full range 5 5 5 IlA 

t Full range is'O°C to 70°C. 
NOTE 4: Typical values are based on the input of!setvoltage shift observed through 168 hours of operating life test alTA = 150°C extrapolated to T A = 25°C using the Arrhenius equation 

and assuming an activation energy of 0.96 eV. 
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I TLE2021 electrical characteristics at specified free-air temperature, Vee = ±15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt TLE2021C TLE2021AC TLE2021BC UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 120 500 80 200 40 100 
VIO Input offset voltage 

Full range 750 500 200 
/lV 

I aVIO 
Temperature coefficient of 

Full range 2 2 2 /lVloC 
I 

input offset voltage 

I Input offset voltage long-term drift 
VIC=O, RS=50Q 25°C 0.006 0.006 0.006 /lV/mo 

I 
(see Note 4) 

I 110 
25°C 0.2 6 0.2 6 0.2 6 

Input offset current nA 
Full range 10 10 10 

. 25°C 25 70 25 70 25 70 
liB Input bias current nA 

Full range 90 90 90 

l -15 -15.3 -15 -15.3 -15 -15.3 
25°C to to to to to to 

13.5 14 13.5 14 13.5 14 
VICR Common-mode input voltage range RS=50Q V 

-15 15 15 
Full range to to to 

13.5 13.5 13.5 

Maximum positive peak 25°C 14 14.3 14 14.3 14 14.3 
VOM+ V 

output voltage swing Full range 13.9 13.9 13.9 
RL= 10kQ 

25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 
VOM-

Maximum negative peak 
V 

output voltage swing Full range -13.7 -13.7 -13.7 

Large-signal differential VO=±10V, 25°C 1 6.5 1 6.5 1 6.5 
AVD voltage amplification RL= 10kQ Full range 1 1 1 

V//lV 

VIC = VICR min, 25°C 100 115 100 115 100 115 
CMRR Common-mode rejection ratio dB 

RS=50Q Full range 96 96 96 

Supply-voltage rejection ratio VCC±=± 2.5V 25°C 105 120 105 120 105 120 
kSVR dB 

(aVCC/avIO) to±15V Full range 100 100 100 

25°C 200 300 200 300 200 300 
ICC Supply current 

Full range 300 300 300 
IlA 

VO=O, No load 

. alCC 
Supply-current Change over 

Full range 6 6 6 IlA operating temperature range 

t Full range is O°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 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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TLE2022 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TAt 
TLE2022C TLE2022AC TLE2022BC 

PARAMETER TEST CONomONS 
MIN 

UNIT 
TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 600 400 250 
VIO Input offset voltage 

Full range 800 550 400 
~V 

a.VIO 
Temperature coefficient of Full range 2 2 2 ~V/oC 
input offset voltage 

Input offset voltage long-term 
VIC=O, RS=50Q 25°C 0.005 0.005 0.005 ~V/mo 

drift (see Note 4) 

25°C 0.5 6 0.4 6 0.3 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 35 70 33 70 30 70 
liB .... --Input bias current nA 

Full range 90 90 90 

0 -0.3 0 -0.3 0 -0.3 
25°C to to to to to to 

Common-mode input 3.5 4 3.5 / 4 3.5 4 
VICR RS=50Q V 

voltage range 0 0 0 
Full range to to to 

3.5 3.5 3.5 

25°C 4 4.3 4 4.3 4 4.3 
VOH High-level output voltage V 

Full range 3.9 3.9 3.9 
RL=10kQ 

25°C 0.7 0.8 0.7 0.8 0.7 0.8 
VOL Low-level output voltage V 

Full range 0.85 0.85 0.85 

large-signal differential 25°C 0.3 1.5 0.4 1.5 0.5 1.5 
AVO voltage amplification 

Vo = 1.4 Vt04 V, RL=10kQ 
Full range 0.3 0.4 0.5 

V/~V 

25°C 85 100 87 102 90 105 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50Q dB 

Full range 80 82 85 

Supply-voltage rejection ratio 25°C 100 115 103 118 105 120 
ksVR VCC =5 Vto 30V dB 

(aVCC+laVIO) Full range 95 98 100 

25°C 450 600 450 600 450 600 
ICC Supply current 

Full range 600 600 600 
~ 

Vo =2.5 V, No load 
Supply current change over 

alCC operating temperature range 
Full range 7 7 7 ~ 

t Full range is OOC to 70°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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TLE2022 electrical characteristics at specified free-air temperature, Vee = ±15 V (unless otherwise noted) 

TAt 
TLE2022C TLE2022AC TLE2022BC 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 150 500 120 300 70 150 
VIO Input offset voltage 

Full range 700 450 300 
~V 

aVIO 
Temperature coefficient of 
input offset voltage 

Full range 2 2 2 ~V/oC 

Input offset voltage long-term 
VIC=O, RS=50Q 25°C 0.006 0.006 0.006 ~V/mo drift (see Note 4) 

25°C 0.5 6 0.4 6 0.3 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 35 70 33 70 30 70 
liB Input bias current nA 

Full range 90 90 90 

-15 -15.3 -15 -15.3 -15 -15.3 
25°C to to to to to to 

Common-mode input 13.5 14 13.5 14 13.5 14 
VICR RS=50Q V 

voltage range -15 -15 -15 
Full range to to to 

13.5 13.5 13.5 

Maximum positive peak 25°C 14 14.3 14 14.3 14 14.3 
VOM+ V 

output voltage swing Full range 13.9 13.9 13.9 
RL=10kQ 

25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 
VOM-

Maximum negative peak 
V 

output voltage swing Full range -13.7 -13.7 -13.7 

Large-signal differential 25°C 0.8 4 1 7 1.5 10 
AVD voltage amplification 

VO=±10V, RL= 10kQ 
Full range 0.8 1 1.5 

V/~V 

25°C 95 106 97 109 100 112 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50Q dB 

Full range 91 93 96 

Supply-voltage rejection ratio 25°C 100 115 103 118 105 120 
kSVR VCC± =±2.5 Vto ±15 V dB 

(L1VCC±IL1VIO) Full range 95 98 100 

25°C 550 700 550 700 550 700 
ICC Supply current 

Full range 700 700 700 
~ 

VO=O, No load 
Supply current change over 

dlCC operating temperature range 
Full range 9 9 9 ~ 

t Full range is O°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 TA = 150°C extrapolated to TA = 25°C using the Arrheniw 

equation and assuming an activation energy of 0.96 eV. 
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TLE2024 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TAt 
TLE2024C TLE2024AC TLE2024BC 

PARAMETER TEST CONDITIONS 
MAX 

UNIT 
MIN TYP MAX MIN TYP MIN TYP MAX 

25°C 1100 850 600 
VIO Input offset voltage 

Full range 1300 1050 800 
jJ.V 

ClVIO 
Temperature coefficient of 

Full range 2 2 2 jJ.VloC 
input offset voltage 

Input offset voltage long-term 
VIC=O, RS=50Q 25°C 0.005 0.005 0.005 jJ.V/mo 

drift (see Note 4) 

25°C 0.6 6 0.5 6 0.4 6 
110 Input offset current nA 

Full range 10 10 to 
25°C 45 70 40 70 35 70 

liB Input bias current nA 
Full range 90 90 90 

0 -0.3 0 -0.3 0 -0.3 
25°C to to to to to to 

Common-mode input voltage 3.5 4 3.5 4 3.5 4 
VICR Rs=50Q V 

range 0 0 0 
Full range to to to 

3.5 3.5 3.5 

25°C 3.9 4.2 3.9 4.2 4 4.3 
VOH High-level output voltage V 

Full range 3.7 3.7 3.8 
RL= 10 kQ 

25°C 0.7 0.8 0.7 0.8 0.7 0.8 
VOL Low-level output voltage V 

Full range 0.95 0.95 0.95 

Large-signal differential 25°C 0.2 1.5 0.3 1.5 0.4 1.5 
AVD voltage amplification 

VO=1.4Vt04V, RL= 10kQ 
Full range 0.1 0.1 0.1 

V/IlV 

25°C 80 90 82 92 85 95 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50Q dB 

Full range 80 82 85 

Supply"voltage rejection ratio 25°C 98 112 100 115 103 117 
kSVR VCC =5 Vto 30V dB 

(aVCCItNIO) Full range 93 95 98 

25°C 800 1200 800 1200 800 1200 
ICC Supply current 

Full range 1200 1200 1200 
jJ.A 

VO=2.5V, No load 

~ICC 
Supply current change over 

Full range 15 15 15 jJ.A 
operating temperature range 

t Full range is O°C to 70°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test alTA = 150°C extrapolated to T A = 25°C using the Arrhenius equation 

and assuming an activation energy of 0.96 eV. 
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TLE2024 electrical characteristics at specified free-air temperature, Vee = ±15 V (unless otherwise noted) 

TAt 
TLE2024C TLE2024AC TLE2024BC 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 1000 750 500 
VIO Input offset voltage 

Full range 1200 950 700 
!lV 

(lVIO Temperature coefficient of 
Full range 2 2 2 jJ.V/oC 

input offset voltage 

Input offset voltage long-term 
VIC=O, RS=50n 25°C 0.006 0.006 0.006 !lV/mo drift (see Note 4) 

110 Input offset current 
25°C 0.6 6 0.5 6 0.4 6 

nA 
Full range 10 10 10 

liB 
25°C 50 70 45 70 40 70 

Input bias current nA 
Full range 90 90 90 

-15 -15.3 -15 -15.3 -15 -15.3 
25°C to to to to to to 

Common-mode input voltage 13.5 14 13.5 14 13.5 14 
VICR Rs=50n V 

range -15 -15 -15 
Full range to to to 

13.5 13.5 13.5 

Maximum positive peak output 25°C 13.8 14.1 13.9 14.2 14 14.3 
VOM+ voltage swing 

V 
Full range 13.7 13.8 13.9 

RL=10kn 
25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 Maximum negative peak output 

VOM- voltage swing 
V 

Full range -13.6 -13.6 -13.6 

Large-signal differential 25°C 0.4 2 0.8 4 1 7 
AVO voltage amplification 

VO=±10V, RL= 10kn 
Full range 0.4 0.8 1 

V/jJ.V 

25°C 92 102 94 105 97 108 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n dB 

Full range 88 90 93 

Supply-voltage rejection retio 25°C 98 112 100 115 103 117 
kSVR VCC±= ±2.5 Vto±15 V dB 

(~VCC±/~VIO) Full range 93 95 98 

25°C 1050 1400 1050 1400 1050 1400 
ICC Supply current 

Full range 1400 1400 1400 
!1A 

VO=O, No load 

~ICC 
Supply current change over 

Full range 20 20 20 !1A operating temperature range 

t Full range is O°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 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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TLE2021 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TAt 
TLE2021I TLE2021AI TLE2021BI 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX TYP MAX 

UNIT 
MIN 

25°C 120 600 100 300 80 200 
Via Input offset voltage 

Full range 950 600 300 
JlV 

aVIO 
Temperature coefficient of 

Full range 2 2 2 JlV/oC 
input offset voltage 

Input offset voltage long-term drift 
VIC=O, RS=50n 25°C 0.005 0.005 0.005 JlV/mo (see Note 4) 

25°C 0.2 6 0.2 6 0.2 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 25 70 25 70 25 70 
liB Input bias current nA 

Full range 90 90 90 

0 -0.3 0 -0.3 0 -0.3 
25°C to to to to to to 

3.5 4 3.5 4 3.5 4 
VICR Common-mode input voltage range RS=50n V 

-15 15 0 
Full range to to to 

3.2 3.2 3.2 

25°C 4 4.3 4 4.3 4 4.3 
VOH High-level output voltage V 

Full range 3.9 3.9 3.9 
RL=10k.Q 

25°C 0.7 0.8 0.7 0.8 0.7 0.8 
VOL Low-level output voltage V 

Full range 0.9 0.9 0.9 

Large-signal differential Va = 1.4 Vt04 V, 25°C 0.3 1.5 0.3 1.5 0.3 1.5 
AVD voltage amplification RL=10k.Q Full range 0.25 0.25 0.25 

V/JlV 

VIC = VICR min, 25°C 85 110 85 110 85 110 
CMRR Common-mode rejection ratio dB 

RS=50n Full range 80 80 80 

Supply-voltage rejection ratio 25°C 105 120 105 120 lOS 120 
kSVR VCC =SVt030V dB 

(aVCC/aVIO) Full range 100 100 100 

2SoC 170 230 170 230 170 230 
ICC Supply current 

VO=2.SV, Full range 230 230 230 
JlA 

Supply-current change over No load 
alCC operating temperature range 

Full range 6 6 6 JlA 

t 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 atT A = lS0°C extrapolated to T A = 2SoC using the Arrhenius equation 

and assuming an activation energy of 0.96 eV. 
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TLE2021 electrical characteristics at specified free-air temperature, Vee = ± 15 V (unless otherwise noted) 

TAt 
TLE2021I TLE2021AI TLE2021BI 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 120 500 80 200 40 100 
VIO Input offset voltage 

Full range 850 500 200 
I1V 

aVIO 
Temperature coefficient of 

Full range 2 2 2 I1V/oC 
input offset voltage 

Input offset voltage long'term drift 
VIC=O, RS=50n 25°C 0.006 0.006 0.006 !lV/mo (see Note 4) 

25°C 0.2 6 0.2 6 0.2 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 25 70 25 70 25 70 
liB Input bias current nA 

Full range 90 90 90 

-15 -15.3 -15 -15.3 -15 -15.3 
25°C to to to to to to 

Common-mode input voltage range 13.5 14 13.5 14 13.5 14 
VICR Rs=50n V 

-15 15 15 
Full range to to to 

3.2 3.2 3.2 

Maximum positive peak output 25°C 14 14.3 14 14.3 14 14.3 
VOM+ V 

voltage swing Full range 13.9 13.9 13.9 
RL=10kn 

25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 
VOM-

Maximum negative peak output 
V 

voltage swing Full range -13.6 -13.6 -13.6 

Large-signal differential VO=10V, 25°C 1 6.5 1 6.5 1 6.5 
AVD voltage amplification RL=10kn Full range 0.75 0.75 0.75 

V/!lV 

VIC = VICR min, 25°C 100 115 100 115 100 115 
CMRR Common-mode rejection ratio dB 

RS=50n Full range 96 96 96 

Supply-voltage rejection ratio VCC± =±2.5V 25°C 105 120 105 120 105 120 
kSVR dB 

(llVCC/llVIO) to±15V Full range 100 100 100 

25°C 200 300 200 300 200 300 
ICC Supply current 

Full range 300 300 300 
I!A 

Supply-current change over 
Vo = 0 V, No load 

lllCC operating temperature range 
Full range 7 7 7 I!A 

t 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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~ TLE2022 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TEST CONDITIONS TAt 
TLE20221 TLE2022A1 TLE2022BI 

PARAMETER 
MIN TYP MAX MIN TYP MAX TYP MAX 

UNIT 
MIN 

25°C 600 400 250 
VIO Input offset voltage 

Full range 800 550 400 
I1V 

aVIO 
Temperature coefficient of 
input offset voltage 

Full range 2 2 2 JlV/oC 

Input offset voltage long-term 
VIC=O, RS=500 25°C 0.005 0.005 0.005 JlV/mo drift (see Note 4) 

25°C 0.5 6 0.4 6 0.3 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 35 70 33 70 30 70 
liB Input bias current nA 

Full range 90 90 90 
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0 -0.3 0 -0.3 0 -0.3 
25°C to to to to to to 

Common-mode input 3.5 4 3.5 4 3.5 4 
VICR RS=500 V 

voltage range 0 0 0 
Full range to to to 

3.2 3.2 3.2 

25°C 4 4.3 4 4.3 4 4.3 
VOH High-level output voltage V 

Full range 3.9 3.9 3.9 
RL=10kO 

25°C 0.7 0.8 0.7 0.8 0.7 0.8 
VOL Low-level output voltage V 

Full range , 0.9 0.9 0.9 

Large-signal differential 25°C 0.3 1.5 0.4 1.5 0.5 1.5 
AVO voltage amplification 

Vo = 1.4 Vt04 V, RL=10kO 
Full range 0.2 0.2 0.2 

V/JlV 

25°C 85 100 87 102 90 105 

I 

CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 dB 
Full range 80 82 85 

Supply-voltage rejection ratio 25°C 100 115 103 118 105 120 
kSVR VCC = 5 Vto 30 V dB 

(8VCC±ILWI0) Full range 95 98 100 

25°C 450 600 450 600 450 600 
ICC Supply current 

Full range 600 600 600 
JlA 

VO=2.5V, No load I 

Supply current change over 

i 
81CC operating temperature range 

Full range 15 15 15 JlA 

t 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 atT A = 150°C extrapolated to T A = 250C using the Arrhenius equation 

and assuming an activation energy of 0.96 eV. 
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TLE2022 electrical characteristics at specified free-air temperature, Vee = ± 15 V (unless otherwise noted) 

TAt 
TLE20221 TLE2022AI TLE2022BI 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

UNIT 

25°C 150 500 120 300 70 150 
VIO Input offset voltage 

Full range 700 450 300 
I1V 

avlO 
Temperature coefficient of 
input offset voltage 

Full range 2 2 2 I1V/"C 

Input offset voltage long-term 
VIC=O, RS=500 25°C 0.006 0.006 0.006 I1V/mo 

drift (see Note 4) 

25°C 0.5 6 0.4 6 0.3 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 35 70 33 70 30 70 
liB Input bias current nA 

Full range 90 90 90 

-15 -15.3 -15 -15.3 -15 -15.3 
25°C to to to to to to 

Common-mode input 13.5 14 13.5 14 13.5 14 
VICR RS=500 V 

voltage range -15 -15 -15 
Full range to to to 

13.2 13.2 13.2 

Maximum positive peak 25°C 14 14.3 14 14.3 14 14.3 
VOM+ V 

output voltage swing Full range 13.9 13.9 13.9 
RL=10kO 

25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 
VOM-

Maximum negative peak 
V 

output voltage swing Full range -13.6 -13.6 -13.6 

Large-signal differential 25°C 0.8 4 1 7 1.5 10 
AVD 

voltage amplification 
VO=±10V, RL= 10 kO 

Full range 0.8 1 1.5 
V/I1V 

25°C 95 106 97 109 100 112 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 dB 

Full range 91 93 96 

Supply-voltage rejection ratio 25°C 100 115 103 118 105 120 
ksVR VCC = ±2.5 V to ±15 V dB 

(AVCC±/AVIO) Full range 95 98 100 

25°C 550 700 550 700 550 700 
ICC Supply current 

Full range 700 700 700 
I1A 

VO=O, No load 

AICC 
Supply current change over 

Full range 30 30 30 I1A operating temperature range 

t 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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TLE2024 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
TLE20241 TLE2024A1 TLE2024BI 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 1100 850 600 
VIO Input offset voltage 

Full range 1300 1050 800 
I1V 

cxVIO 
Temperature coefficient of 

Full range 2 2 2 I1V/oC 
input offset voltage 

Input offset voltage long-term 
VIC=O, RS=500 25°C 0.005 0.005 0.005 l1V1mo 

drift (see Note 4) 

25°C 0.6 6 0.5 6 0.4 6 
110 Input offset current nA 

Full range 10 10 10 

Input bias currerit 
25°C 45 70 40 70 35 70 

liB nA 
Full range 90 90 90 

0 -0.3 0 -0.3 0 -0.3 
25°C to to to to to to 

Common-mode input voltage 3.5 4 3.5 4 3.5 4 
VICR RS=500 V 

range 0 0 0 
Full range to to to 

3.2 3.2 3.2 

Maximum positive peak 25°C 3.9 4.2 3.9 4.2 4 4.3 
VOM+ V 

output voltage swing Full range 3.7 3.7 3.8 
RL=10kO 

25°C 0.7 0.8 0.7 0.8 0.7 0.8 
VOM-

Maximum negative peak V 
output voltage swing Full range 0.95 0.95 0.95 

Large-signal differential 25°C 0.2 1.5 0.3 1.5 0.4 1.5 
AVO voltage amplification 

VO= 1.4Vt04V, RL=10kO 
Full range 0.1 0.1 0.1 

V/I1V 

25°C 80 90 82 92 85 95 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 dB 

Full range 80 82 85 

kSVR 
Supply-voltage rejection ratio 25°C 98 112 100 115 103 117 

VCC±=±2.5 Vto±15 V dB 
(&VCC±I&VIO) Full range 93 95 98 

25°C 800 1200 800 1200 800 1200 
ICC Supply current 

Full range 1200 1200 1200 
!LA 

VO=O, No load 

~ICC 
Supply current change over 

Full range 30 30 30 !LA operating temperature range 

t 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 testatT A = 150°C extrapolated to TA = 25°C using the Arrhenius equation 

and a,ssuming an activation energy of 0.96 eV. 
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TLE2024 electrical characteristics at specified free-air temperature, Vee = ±15 V (unless otherwise noted) 

TAt 
TLE20241 TLE2024AI TLE2024BI 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 1000 750 500 
VIO Input offset voltage 

Full range 1200 950 700 
!lV 

OtVIO 
Temperature coefficient of input 

Full range 2 2 2 !lV/DC offset voltage 

Input offset voltage long-term 
VIC=O, RS=50n 25°C 0.006 0.006 0.006 !lV/mo drift (see Note 4) 

110 
25°C 0.6 6 0.5 6 0.4 6 

Input offset current nA 
Full range 10 10 10 

25°C 50 70 45 70 40 70 
liB Input bias current nA 

Full range 90 90 90 

-15 -15.3 -15 -15.3 -15 -15.3 
25°C to to to to to to 

Common-mode input voltage 13.5 14 13.5 14 13.5 14 
VICR Rs=50n V 

range -15 -15 -15 
Full range to to to 

13.2 13.2 13.2 

Maximum positive peak output 25°C 13.8 14.1 13.9 14.2 14 14.3 
VOM+ V 

voltage swing Full range 13.7 13.7 13.8 
RL=10kn 

25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 
VOM-

Maximum negative peak output 
V 

voltage swing Full range -13.6 -13.6 -13.6 

Large-signal differential 25°C 0.4 2 0.8 4 1 7 
AVD voltage amplification 

VO=±10V, RL= 10 kn 
Full range 0.4 0.8 1 

V/!lV 

25°C 92 102 94 105 97 108 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n dB 

Full range 88 90 93 

Supply-voltage rejection ratio 25°C 98 112 100 115 103 117 
ksVR VCC±=±2.5 Vto±15 V dB 

(ilVCC±/LWIO) Full range 93 95 98 

25°C 1050 1400 1050 1400 1050 1400 
ICC Supply current 

Full range 1400 1400 1400 
ItA 

VO=O, No load 
Supply current change over 

dlCC operating temperature range Full range 50 50 50 ItA 

t 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 alTA = 150°C extrapolated to TA = 25°C using the Arrhenius equation 

and assuming an activation energy of 0.96 eV. 
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TLE2021 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TAt 
TLE2021M TLE2021AM TLE2021BM 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 120 600 100 300 80 200 
VIO Input offset voltage 

Full range 1100 600 
I1V 

300 

aVIO 
Temperature coefficient of 

Full range 2 2 2 I1V/"C input offset voltage 

Input offset voltage long-term 
VIC =0, RS=50Q 25°C 0.005 0.005 0.005 l1V/mo drift (see Note 4) 

25°C 0.2 6 0.2 6 0.2 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 25 70 25 70 25 70 
lIB Input bias current nA 

Full range 90 90 90 

0 -0.3 0 -0.3 0 -0.3 
25°C to to to to to to 

Common-mode input 3.5 4 3.5 4 3.5 4 
VICR RS=50Q V 

voltage range 0 0 0 
Full range to to to 

3.2 3.2 3.2 

25°C 4 4.3 4 4.3 4 4.3 
VOH High-level output voltage V 

Full range 3.8 3.8 3.8 
RL= 10 kO 

25°C 0.7 0.8 0.7 0.8 0.7 0.8 
VOL Low-level output voltage V 

Full range 0.95 0.95 0.95 

Large-signal differential 25°C 0.3 1.5 0.3 1.5 0.3 1.5 
AVD voltage amplification 

VO=1.4Vt04V, RL=10kO 
Full range 0.1 0.1 0.1 

V/I1V 

25°C 85 110 85 110 85 110 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50Q dB 

I ksVR 

Full range 80 80 80 

Supply-voltage rejection ratio 25°C 105 120 105 120 105 120 
VCC= 5 Vt030V dB 

(AVCC+/AVIO) Full range 100 100 100 

I 

25°C 170 230 170 230 170 230 
ICC Supply current 

Full range 230 230 230 
I1A 

VO=2.5V, No load 

AICC 
Supply current change over 

Full range 9 9 9 I1A operating temperature range 

t Full range is -55°C to 125°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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TLE2021 electrical characteristics at specified free-air temperature, Vee = ±1S V (unless otherwise noted) 

TAt 
TLE2021M TLE2021AM TLE2021BM 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VIO 
25°C 120 500 80 200 40 100 

Input offset voltage 
Full range 1000 500 200 

IlV 

aVIO 
Temperature coefficient of 

Full range 2 2 2 IlV/oC input offset voltage 

Input offset voltage long-term 
VIC=O, RS=50Q 25°C 0.006 0.006 0.006 IlV/mo drift (see Note 4) 

25°C 0.2 6 0.2 6 0.2 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 25 70 25 70 25 70 
liB Input bias current nA 

Full range 90 90 90 

-15 -15.3 -15 -15.3 -15 -15.3 
25°C to to to to to to 

Common-mode input 13.5 14 13.5 14 13.5 14 
VICR voltage range 

RS=50Q V 
-15 -15 0 

Full range to to to 
13.2 13.2 13.2 

Maximum positive peak 25°C 14 14.3 14 14.3 14 14.3 
VOM+ V 

output voltage swing Full range 13.8 13.8 13.8 
RL=10kQ 

25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 Maximum negative peak 
VOM- output voltage swing 

V 
Full range -13.6 -13.6 -13.6 

Large-signal differential 25°C 1 6.5 1 6.5 1 6.5 
AVO voltage amplification 

VO=±10V, RL=10kQ 
Full range 0.5 0.5 0.5 

V/IlV 

• CMRR 
25°C 100 115 100 115 100 115 

Common-mode rejection ratio VIC = VICRmin, RS=50Q dB 
Full range 96 96 96 

Supply-voltage rejection ratio 25°C 105 120 105 120 105 120 
kSVR (LlVCC±/LlVIO) 

VCC±=± 2.5Vto±15V dB 
Full range 100 100 100 

25°C 200 300 200 300 200 300 
ICC Supply current 

Full range 300 300 300 
ItA 

VO=O, No load 

LlICC 
Supply current change over 

Full range 10 10 10 ItA operating temperature range 

t Full range is -55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test atTA = 150°C extrapolated to TA = 25°C using the Arrhenius equation 

and assuming an activation energy of 0.96 eV. 
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~ TLE2022 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 
en 

TAt 
TLE2022M TLE2022AM TLE2022BM 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX MIN 

UNIT 
TYP MAX 

25°C 600 400 250 
VIO Input offset voltage 

Full range 800 550 400 
I1V 

aVIO 
Temperature coefficient of 
input offset voltage 

Full range 2 2 2 I1V/oC 

Input offset voltage long-term 
VIC=O, RS=50n 25°C 0.005 0.005 0:005 I1V/mO 

drift (see Note 4) 

25°C 0.5 6 0.4 6 0.3 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 35 70 33 70 30 70 
118 Input bias current nA 

Full range 90 90 90 
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0 -0.3 0 -0.3 0 -0.3 
25°C to to to to to to 

Common-mode input 3.5 4 3.5 4 3.5 4 
VICR Rs=50n V 

voltage range 0 0 0 
Full range to to to 

3.2 3.2 3.2 

25°C 4 4.3 4 4.3 4 4.3 
VOH High-level output voltage V 

Full range 3.8 3.8 3.8 
RL=10kn 

25°C 0.7 0.8 0.7 0.8 0.7 0.8 
VOL Low-level output voltage V 

Full range 0.95 0.95 0.95 

Large-signal differential 25°C 0.3 1.5 0.4 1.5 0.5 1.5 
AVD voltage amplification 

VO= 1.4Vt04V, RL=10kn 
Full range 0.1 0.1 0.1 

V/I1V 

25°C 85 100 87 102 90 105 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n dB 

Full range 80 82 85 

Supply-voltage rejection ratio 25°C 100 115 103 118 105 120 
kSVR VCC = 5 Vt030V dB 

(AVCC±/AVIO) Full range 95 98 100 

25°C 450 600 450 600 450 600 
ICC Supply current 

Full range 600 600 600 
ItA 

VO=2.5V, No load 

AICC 
Supply current change over 

Full range 37 37 37 ItA operating temperature range 

t Full range is -55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T A = 150°C extrapolated to T A = 25°C using the Arrhenius equation 

and assuming an activation energy of 0.96 eV. 
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TLE2022 electrical characteristics at specified free-air temperature, Vee = ±1S V (unless otherwise noted) 

TAt 
TLE2022M TLE2022AM TLE2022BM 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

UNIT 

25°C 150 500 120 300 70 150 
VIO Input offset voltage 

Full range 700 450 300 
!lV 

aVIO 
Temperature coefficient of 

Full range 2 2 2 !lV/oC 
input offset voltage 

Input offset voltage long-term 
VIC=O, RS=50Q 25°C 0.006 0.006 0.006 !lV/mo 

drift (see Note 4) 

25°C 0.5 6 0.4 6 0.3 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 35 70 33 70 30 70 
liB Input bias current nA 

Full range 90 90 90 

-15 -15.3 -15 -15.3 -15 -15.3 
25°C to to to to to to 

Common-mode input 13.5 14 13.5 14 13.5 14 
VICR RS=50Q V 

voltage range -15 -15 -15 
Full range to to to 

13.2 13.2 13.2 i 

Maximum positive peak 25°C 14 14.3 14 14.3 14 14.3 i 
VOM+ output voltage swing 

V 
Full range 13.9 13.9 13.9 

RL=10kQ 
25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 

VOM-
Maximum negative peak 

V 
output voltage swing Full range -13.6 -13.6 -13.6 

Large-signal differential 25°C 0.8 4 1 7 1.5 10 
AVD voltage amplification 

VO=±10V, RL= 10 kQ 
Full range 0.8 1 1.5 

V/!lV , 

25°C 95 106 97 109 100 112 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50Q dB 

Full range 91 93 96 . 

Supply-voltage rejection ratio 25°C 100 115 103 118 105 120 

I 
kSVR VCC±=±2.5 Vto±15 V dB 

(~VCC±/~VIO) Full range 95 98 100 

25°C 550 700 550 700 550 700 I 
ICC Supply current !1A I 

VO=O, No load 
Full range 700 700 700 ! 

~ICC 
Supply current change over 

Full range 60 60 60 !1A 
i 

operating temperature range 
. 

t Full range is O°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 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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TLE2024 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TAt 
TLE2024M TLE2024AM TLE2024BM 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 1100 850 600 
VIO Input offset voltage 

Full range 1300 1050 800 
IlV 

«VIO 
Temperature coefficient of 

Full range 2 2 2 IlV/"C input offset voltage 

Input offset voltage long-term 
VIC=O, RS=50n 25°C 0.005 0.005 0.005 IlV/mo drift (see Note 4) 

25°C 0.6 6 0.5 6 0.4 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 45 70 40 70 35 70 
liB Input bias current nA 

Full range 90 90 90 

0 -0.3 0 -0.3 0 -0.3 
25°C to to to to to to 

Common-mode input voltage 3.5 4 3.5 4 3.5 4 
VICR RS=50n V 

range 0 0 0 
Full range to to to 

3.2 3.2 3.2 

Maximum positive peak 25°C 3.9 4.2 3.9 4.2 4 4.3 
VOM+ V 

output voltage swing Full range 3.7 3.7 3.8 
RL = 10 kfi 

25°C 0.7 0.8 0.7 0.8 0.7 0.8 Maximum negative peak 
VOM- output voltage swing 

V 
Full range 0.95 0.95 0.95 

Large-signal differential 25°C 0.2 1.5 0.3 1.5 0.4 1.5 
AVD voltage amplification 

VO= 1.4 Vt04 V, RL= 10 kQ 
Full range 0.1 0.1 0.1 

V/IlV 

25°C 80 90 82 92 85 95 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50Q dB 

Full range 80 82 85 

Supply-voltage rejection ratio 25°C 98 112 100 115 103 117 
ksVR VCC±=±2.5 Vto±15 V dB 

(AVCC±/lWIO) Full range 93 95 98 

25°C 800 1200 800 1200 800 1200 
ICC Supply current 

Full range 1200 1200 1200 
IlA 

VO=O, No load 

~ICC 
Supply current change over 

Full range 50 50 50 IlA operating temperature range 

t Full range is -55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T A = 150°C extrapolated to T A = 25°C using the Arrhenius equation 

and assuming an activation energy of 0.96 eV. 
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TLE2024 electrical characteristics at specified free-air temperature, Vee = ±15 V (unless otherwise noted) 

PARAMETER TAt 
TLE2024M TLE2024AM TLE2024BM 

TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

i Via 
25°C 1000 750 500 

Input offset voltage 
Full range 1200 950 700 

J!V 

Temperature coefficient of aVIO 
input offset voltage Full range 2 2 2 J!V/oC 

Input offset voltage long-term 
VIC=O, RS=500 25°C 0.006 0.006 0.006 J!V/mo drift (see Note 4) 

25°C 0.6 6 0.5 6 0.4 6 
110 Input offset current nA 

Full range 10 10 10 

25°C 50 70 45 70 40 70 
liB Input bias current nA 

Full range 90 90 90 

-15 -15.3 -15 -15.3 -15 -15.3 
25°C to to to to to to 

Common-mode input voltage 13.5 14 13.5 14 13.5 14 
VICR RS=500 V range -15 -15 -15 

Full range to to to 
13.2 13.2 13.2 

Maximum positive peak output 25°C 13.8 14.1 13.9 14.2 14 14.3 
VOM+ vottage swing 

V 
Full range 13.7 13.7 13.8 

RL= 10 kO 
25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 Maximum negative peak output 

VOM- voltage swing 
V 

Full range -13.6 -13.6 -13.6 

Large-signal differential 25°C 0.4 2 0.8 4 1 7 
AVO voltage amplification 

VO=±10V, RL=10kO 
Full range 0.4 0.8 1 

V/J!V 

25°C 92 102 94 105 97 108 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 dB 

Full range 88 90 93 

Supply-voltage rejection ratio 25°C 98 112 100 115 103 117 
kSVR VCC±= ±2.5 Vto±15 V dB 

(I1VCC±II1VIO) Full range 93 95 98 

25°C 1050 1400 1050 1400 1050 1400 
ICC Supply current 

Full range 1400 1400 1400 
J!A 

VO=O, No load 
Supply current change over 

dlCC operating temperature range Full range 85 85 85 J!A 

t Full range is -55°C to 125°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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TLE2021 operating characteristics, Vee = 5 V, TA = 25°C 
CSUFFIX I SUFFIX 

PARAMETER TEST CONDITIONS TA 
MIN TYP MAX MIN TYP 

SR Slew rate at unity gain Va= 1 Vt03V, See Figure 1 25°C 0.5 0.5 

Equivalent input noise voltage 1= 10Hz 25°C 21 50 21 
Vn (see Figure 2) 1=1 kHz 25°C 17 30 17 

Peak-to-peak equivalent input 1= 0.1 to 1 Hz 25°C 0.16 0.16 
VN(PP) noise voltage 1= 0.1 to 10 Hz 25°C 0.47 0.47 

In Equivalent input noise current 25°C 0.09 0.09 

61 Unity-gain bandwidth See Figure 3 25°C 1.2 1.2 

.pm Phase margin at unity gain See Figure 3 25°C 42° 42° 

TLE2021 operating characteristics at specified free-air temperature, Vee = ±15 V 

TAt 
CSUFFIX I SUFFIX 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP 

25°C 0.45 0.65 0.45 0.65 
SR Slew rate at unity gain Va = IV to 3 V, See Figure 1 

Full range 0.45 0.42 

Equivalent input noise voltage 1= 10Hz 25°C 19 50 19 
Vn (see Figure 2) 1=,1 kHz 25°C 15 30 15 

Peak-to-peak equivalent input 1=0.1 to 1 Hz 25°C 0.16 0.16 
VN(PP) noise voltage 1=0.ltol0Hz 25°C 0.47 0.47 -

In Equivalent input noise current 25°C 0.09 0.09 

61 Unity-gain bandwidth See Figure 3 25°C 2 2 

.pm Phase margin at unity gain See Figure 3 25°C 46° 46° 

t Full range is O°C to 70°C lor the C-suffix devices, -40°C to 85°C lor the I-suffix devices, and -55°C to 125°C lor the M-suffix devices. 

MSUFFIX 

MAX MIN TYP MAX 

0.5 

50 21 

30 17 

0.16 

0.47 

0.9 

1.2 

42° 

MSUFFIX 

MAX MIN TYP MAX 

0.45 0.65 

0.45 

50 19 

30 15 

0.16 

0.47 

0.09 

2 

46° 

UNIT 

V/J1S 

nV/Hz 

j.1V 

pAlHz 

MHz 

UNIT 

V/J1S 

nV/Hz 

j.1V 

pA/Hz 

MHz 
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TLE2022 operating characteristics, Vee = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 
CSUFFIX 

MIN TYP MAX 

SR Slew rate at unity gain VO=1 Vt03V, See Figure 1 0.5 

Equivalent input noise voltage 1 = 10 Hz 21 50 
Vn 

(see Figure 2) 1= 1 kHz 17 30 

1= 0.1 to 1 Hz 0.16 
VN(PP) Peak-to-peak equivalent input noise voltage 

1=0.1 to 10 Hz 0.47 

In Equivalent input noise current 0.1 

B1 Unity-gain bandwidth See Figure 3 1.7 

· <l>m Phase margin at unity gain See Figure 3 47° 

• 

TLE2022 operating characteristics at specified free-air temperature, Vee = ±15 V 

TAt 
CSUFFIX 

PARAMETER TEST CONDITIONS 
MIN TYP MAX 

25°e 0.45 0.65 
SR Slew rate at unity gain VO=±10V, See Figure 1 

Full range 0.45 

Equivalent input noise 1 = 10 Hz 25°e 19 50 
Vn voltage (see Figure 2) 1= 1 kHz 25°e 15 30 

, VN(PP) 
Peak-to-peak equivalent 1 = 0.1 to 1 Hz 25°e 0.16 

input noise voltage 1=0.1 to 10Hz 25°e 0.47 

! In Equivalent input noise current 25°e 0.1 

i B1 Unity-gain bandwidth See Figure 3 25°e 2.8 

i cl>m Phase margin at unity gain See Figure 3 25°e 52° 

t Full range is ooe to 700 e. 
, 

· 

I SUFFIX 

MIN TYP MAX MIN 

0.5 

21 50 

17 30 

0.16 

0.47 

0.1 

1.7 

47Q 

I SUFFIX 

MIN TYP MAX MIN 

0.45 0.65 0.45 

0.42 0.4 

19 50 

15 30 

0.16 

0.47 

0.1 

2.8 

52° 

MSUFFIX 

TYP MAX 

0.5 

21 

17 

0.16 

0.47 

0.1 

1.7 

47° 

MSUFFIX 

TYP MAX 

0.65 

19 

15 

0.16 

0.47 

0.1 

2.8 

52° 

UNIT 

V/JlS 

nV/..JHz 

IlV 

pAl..JHz 

MHz 

UNIT 

V/JlS 

nVl..JHz 

IlV 

pAl..JHz 

MHz 
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TlE2024 operating characteristics, Vee = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 
CSUFFIX I SUFFIX MSUFFIX 

MIN TYP MAX MIN TYP MAX MIN TYP 

SR Slew rate at unity gain Va= 1 Vt03 V. See Figure 1 0.5 0.5 0.5 

1= 10Hz 21 50 21 50 21 
Vn Equivalent inpU1 noise voltage (see Figure 2) 

1= 1 kHz 17 30 17 30 17 

1=0.1101 Hz 0.16 0.16 0.16 
VN(PP) Peak-to-peak equivalent inpU1 noise voltage 

1=0.1t010Hz 0.47 0.47 0.47 

In Equivalent input noise current 0.1 0.1 0.1 

61 Unity-gain bandwidth See Figure 3 1.7 1.7 1.7 

.pm Phase margin at unity gain See Figure 3 47° 47° 4]0 

TlE2024 operating characteristics at specified free-air temperature, Vee = ±1S V (unless otherwise noted) 

TAt 
CSUFFIX I SUFFIX MSUFFIX 

PARAMETER TEST CONDmONS 
MIN TYP MAX MIN TYP MAX MIN TYP 

25°e 0.45 0.7 0.45 0.7 0.45 0.7 
SR Slew rate at unity gain Va=±10V. See Figure 1 

Full range 0.45 0.42 0.4 

Equivalent input noise voltage 1= 10 Hz 25°e 19 50 19 50 19 
Vn (see Figure 2) f = 1 kHz 25°e 15 30 15 30 15 

Peak-to-peak equivalent input noise 1=0.1101 Hz 25°e 0.16 0.16 0.16 
VN(PP) voltage 1=0.1 t010Hz 25°e 0.47 0.47 0.47 

In Equivalent inpU1 noise current 25°e 0.1 0.1 0.1 

61 Unity-gain bandwidth See Figure 3 25°e 2.8 2.8 2.8 

.pm Phase margin at unity gain See Figure 3 25°e 52° 52° 52° 

t Full range is ooe to 700 e. 

UNIT 
MAX 

V/fLS 

nV/"Hz 

ILV 

pAl'i'Hz 

MHz 

UNIT 
MAX 

V/fLS 

nV/'i'Hz 

I1V 

pAl'i'Hz 

MHz 
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TLE202x,TLE202xA, TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TLE2021Y electrical characteristics at Vee = 5 V, TA = 25°C (unless otherwise noted) 

TLE2021Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

VIO' Input offset voltage 150 ILV 

Input offset voltage long-term drift (see Note 4) 0.005 ILV/mo 

110 Input offset current 
VIC=O, RS=50n 

0.5 nA 

liB Input bias current 35 nA 

-0.3 

VICR Common-mode input voltage range RS=50n to V 
4 

VOH Maximum high-level output voltage 4.3 V 

VOL Maximum low-level output voltage 
RL=10kn 

0.7 V 

AVD Large-signal differential voltage amplilication Vo = l.4t04 V, RL=10kn 1.5 V/ILV 

CMRR Common-mode rejection ratio VIC = VICR min, RS=50n 100 dB 

ksVR Supply-voltage rejection ratio (aVcc+ laVIO) VCC =5Vt030V 115 dB 

ICC Supply current VO=2.5V, No load 400 !LA 
NOTE 4: TYPical values are based on the input offset voltage shift observed through 168 hours 01 operating lile test at TA = 150°C extrapolated 

to TA = 25°C using the Arrhenius equation and assuming an activation energy 01 0.96 eV. 

TLE2021Y operating characteristics at Vee = 5 V, TA = 25°C 

SR 

Vn 

VN(PP) 

In' 

Bl 

<l>m 

PARAMETER 

Slew rate at unity gain 

Equivalent input noise voltage 

Peak-to-peak equivalent input noise voltage 

Equivalent input noise current 

Unity-gain bandwidth 

Phase margin at unity gain 

TEST CONDITIONS 

VO= 1 Vt03V 

f=10Hz 

1= 1 kHz 

f = 0.1 to 1 Hz 

f=0.ltol0Hz 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

TLE2021Y 
UNIT 

MIN TYP MAX 

0.5 VlILS 

21 

17 
nV/-{Hz 

0.16 

0.47 
ILV 

0.1 pAl-{Hz 

1.7 MHz 

47° 

6-33 



TLE202x,TLE202xA, TLE202xB,TLE202xV 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TLE2022Y electrical characteristics, Vee = 5 V, TA = 25°C (unless otherwise noted) 

TLE2022Y 
PARAMETER TEST CONDITIONS 

MIN TVP 

VIO Input offset voltage 150 

Input offset voltage long-term drift (see Note 4) 0.005 

110 Input offset current 
VIC=O, RS=50n 

0.5 

liB Input bias current 35 

-0.3 

VICR Common-mode input voltage range Rs=50n to 
4 

VOH Maximum high-level output voltage 4.3 

VOL Maximum low-level output voltage 
RL= 10kn 

0.7 

AVO Large-signal differential voltage amplification Vo = 1.4 to 4 V, RL= 10 kn 1.5 

CMRR Common-mode rejection ratio VIC = VICR min, RS=50n 100 

kSVR Supply-voltage rejection ratio (aVCC+/aVIO) VCC =5Vt030V 115 

ICC Supply current VO= 2.5 V, No load 450 

UNIT 
MAX 

600 (.lV 

(.lV/mo 

nA 

nA 

V 

V 

V 

VI(.lV 

dB 

dB 

(.lA 

NOTE 4: TYPical values are based on the Input offset voltage shift observed through 168 hours of operating hfe test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 

TLE2022Y operating characteristics, Vee = 5 V, TA = 25°C 

SR 

Vn 

VN(PP) 

In 

B1 

Cim 

6-34 

PARAMETER TEST CONDITIONS 

Slew rate at unity gain VO=1 Vt03V, See Figure 1 

f=10Hz 
Equivalent input noise voltage (see Figure 2) 

f = 1 kHz 

Peak-Io-peak equivalent input noise voltage 

Equivalent input noise current 

Unity-gain bandwidth 

Phase margin at unity gain 

f=O.1 to 1 Hz 

f=O.1 tol0Hz 

See Figure 3 

See Figure 3 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

TLE2022Y 
UNIT 

MIN TVP MAX 

0.5 V/(.lS 

21 

17 
nVlVHz 

0.16 

0.47 
(.lV 

0.1 pAlVHz 

1.7 MHz 

47° 



TLE202x,TLE202xA,TLE202xB,TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SlOS191- FEBRUARY 1997 

TLE2024Y electrical characteristics, Vee = 5 V, TA = 25°C (unless otherwise noted) 

TLE2024Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TVP MAX 

Input offset voltage long-term drift (see Note 4) O.OOS /lVlmo 

110 Input offset current VIC=O, RS=500 0.6 nA 

liB Input bias current 45 nA 

-0.3 
VICR Common-mode input voltage range RS=SOO to V 

4 

VOH High-level output voltage 4.2 V 

VOL Low-level output voltage 
RL=10kO 

0.7 V 

AVO 
Large-signal differential 

VO= 1.4 Vt04 V, RL=10kO 1.S VI/lV voltage amplification 

CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 90 dB 

ksVR 
Supply-voltage rejection ratio 

VCC=S Vto 30V 112 dB 
(aVCC/aVIO) 

ICC Supply current VO=2.SV, No load 800 !1A 
NOTE 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = lS0·C extrapolated 

to TA = 2SoC using the Arrhenius equation and assuming an activation energy of 0.96 eV. 

TLE2024Y operating characteristics, Vee = 5 V, T A = 25°C 

SR 

Vn 

VN(PP) 

In 

Bl 

<Pm 

PARAMETER 

Slew rate at unity gain 

Equivalent input noise voltage (see Figure 2) 

Peak-ta-peak equivalent input noise voltage 

Equivalent input noise current 

Unity-gain bandwidth 

Phase margin at unity gain 

TEST CONDITIONS 

VO= 1 Vto3V, 

f= 10 Hz 

f=lkHz 

f=O.ltolHz 

f=0.ltol0Hz 

See Figure 3 

See Figure 3 

~TEXAS 
INSTRUMENTS 

See Figure 1 

POST OFFICE BOX 856303 • DALLAS, TEXAS 75265 

TLE2024Y 
UNIT 

MIN TYP MAX 

O.S VI/lS 
21 

17 
nVNHz 

0.16 

0.47 
/lV 

0.1 pANHz 

1.7 MHz 

47" 



TLE202x, TLE202xA,TLE202xB,TLE202xV 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

PARAMETER MEASUREMENT INFORMATION 

20kO 20kO 

>----Vo >---- Vo 

20kO 20kO 

(a) SINGLE SUPPLY (b) SPLIT SUPPLY 

NOTE A: CL includes fixture capacitance. 

Figure 1. Slew-Rate Test Circuit 

2kO 

2kO 

Vo 

6-36 

2.5 V >-+-- Vo 

200 

(a) SINGLE SUPPLY 
-= -

Figure 2. Noise-Voltage Test Circuit 

10kO 

-15V 

200 

(b) SPLIT SUPPLY 

10kO 

Vo 1000 >--+-__ -- Vo 

10kO 

(a) SINGLE SUPPLY (b) SPLIT SUPPLY 

NOTE A: CL includes fixture capacitance. 

Figure 3. Unity-Gain Bandwidth and Phase-Margin Test Circuit 
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TLE202x, TLE202xA,TLE202xB, TLE202xY 
EXCALIBUR HIGH·SPEED LOW·POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

PARAMETER MEASUREMENT INFORMATION 

>-+-...-- Vo >-+-...--Vo 

10kO 10kO 

-= 
(8) SINGLE SUPPLY (b) SPLIT SUPPLY 

NOTE A: CL includes fixture capacitance. 

Figure 4. Smail-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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TLE202x,TLE202xA, TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

Table of Graphs 

VIO Input offset voltage Distribution 

liB Input bias current 
vs Common-mode il'1Put voltage 
vs Free-air temperature 

II Input current vs Differential Input voltage 

VOM Maximum peak output voltage 
vs Output current 
vs Free-air temperature 

VOH High-level output voltage 
vs High-level output current 
vs Free-air temperature 

VOL Low-level output vo~age 
vs Low-level output current 
vs Free-air temperature 

VO(PPI Maximum peak-to-peak output voltage vs Frequency 

AVO Large-signal differential voltage amplification 
vs Frequency 
vs Free-air temperature 

lOS Short-circuH output current 
vs Supply voltage 
vs Free-air temperature 

ICC Supply current 
vs Supply voltage 
vs Free-air temperature 

CMRR Common-mode reJectlon ratio vs Frequency 

SR Slew rate vs Free-air temperature 

Voltage-follower smail-signal pulse response vsTIme 

Voltage-follower large-signal pulse response vsTIme 

VN(PP) Peak-to-peak equivalent Input noise voltage 
O.ltolHz 
0.1 to 10 Hz 

Vn Equivalent input noise voltage vs Frequency 

Bl Unity-gain bandwidth 
vs Supply voltage 
vs Free-air temperature 

vs Supply voltage 

'm Phase margin vs Load capacitance 
vs Free-air temperature 

Phase shift vs Frequency 
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TLE202x, TLE202xA,TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

16 

DISTRIBUTION OF TLE2021 
INPUT OFFSET VOLTAGE 

12~-+--~--+--a.-~--+---~~ 

8 ~-+---t-
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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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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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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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HIGH·LEVEL OUTPUT VOLTAGEt 
vs 

FREE·AIR TEMPERATURE 

I I 5 

LOW·LEVEL OUTPUT VOLTAGE 
vs 

LOW·LEVEL OUTPUT CURRENT 

VCC=5V VCC= 5V 

> 
I 4 

CD 

TA=25°C 

I 

V 
, 
~ 

NOLoa~ ", 

............ V ~ 
V 

,,/ V 
V k" 

... V 
RL = 10 kQ 

....... 

15 3 
~ 
0 

] 2 
Ii 
.9 
I 
...I 

J' 
1 

-75 -50 -25 0 25 50 75 100 125 o 0 0.5 1.5 2 2.5 3 

0.75 

0.5 

0.25 

o 

... 

... 

TA - Free·Air Temperature - °C 

Figure 21 

LOW·LEVEL OUTPUT VOLTAGEt 
vs 

FREE·AIR TEMPERATURE 

r-- I I --r--r-- r-- IOL=1 mA 
............ ~--.... r---.., 

r---...... 
....... 

IOL:-o-... ['-.... 

VCC±=±5V 

-75 -so -25 0 25 50 75 100 125 
TA - Free-Air Temperature - °C 

Figure 23 

5 

4 

3 

2 

IOL - Low-Level Output Current - mA 

Figure 22 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

VCC = 5V \~ RL= 10kQ 

TA=25°~", 
o 

100 1 k 10 k 100 k 1M 
f - Frequency - Hz 

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

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 



c( 
E 
I 

C 
~ 
~ 
0 
'5 
~ 
0 
:= 
~ e 
~ 
0 .c 
tb 

I 
tb 
.9 

~ 
I 
C 

~ 
0 
'5 
~ 
0 

'S e 
C3 
t .c 
tb 
I 
tb 
.9 

6 

4 

2 

0 

-2 

-4 

-6 

-8 

-10 

TLE202x, TLE202xA,TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

TLE2022 AND TLE2024 
SHORT-CIRCUIT OUTPUT CURRENTt 

vs 
FREE-AIR TEMPERATURE 

I I I 
VCC=5V VIO=-100mV 

VO=5V 

...... VIO= 100 mV 

r......- VO=O 
-"""'::J 

J--r--

c( 
E 
I 

C 

~ 
0 
'5 
D-
'5 
0 
'S e 
~ 
0 .c 
tb 

I 

tb 
9 

12 

8 

4 

0 

-4 

-8 

TLE2021 
SHORT-CIRCUIT OUTPUT CURRENTt 

vs 
FREE-AIR TEMPERATURE 

I I 

VCC±=±15V 
Vo=O 

VIO=-loomV 

............... 
"'-

"""'-r-- VIO=l00mV 
~ I _ 

-75 -SO -25 0 25 SO 75 100 125 -12 
~ ~ ~ 0 25 SO n 100 125 

15 

10 

5 

0 

-5 

-10 

-15 

TA - Free-Air Temperature _oC 

Figure 35 

TLE2022 AND TLE2024 
SHORT-CIRCUIT OUTPUT CURRENTt 

vs 
FREE-AIR TEMPERATURE 

" " VCC±=±15V 
VO=O 

'VIO=-100mV 

"I'---. 
VIO = 100 mV --"""'--I'--- -

-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

Figure 37 

c( 
:::I. 
I 

i 
~ 
0 
>-
I 
~ 
tb 
I 
0 
~ 

2SO 

200 

150 

100 

50 

o 
o 

TA - Free-Air Temperature - °C 

VO=O 
No Load 

p-

Figure 36 

TLE2021 
SUPPLY CURRENT 

vs 
SUPPLY VOLTAGE 

~ ~ ~ I I 
F' TA=1250C 'j V I I 

/ TA=250C .J 

TA=-55°C ~ 

/ 

il' 
/ 

2 4 6 8 10 12 14 16 
IVCC±I- Supply Voltage - V 

Figure 38 

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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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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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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t Data at high and low temperatures are applicable only within the rate<:! operating free·airlemperature ranges of the various devices. 
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TLE202x,TLE202xA,TLE202xB,TLE202xV 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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Figure 51 

TLE2022 
VOLTAGE-FOLLOWER LARGE-SIGNAL 

PULSE RESPONSE 

VCC=5V 
RL=10kn 
CL=30pF 
TA = 25°C .... See Figure 1 
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Figure 53 
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Figure 52 

TLE2024 
VOLTAGE-FOLLOWER LARGE-SCALE 

PULSE RESPONSE 
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TA=25°C 
See Figure 1 

o 20 40 

t-TIme-J.IS 

Figure 54 
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TLE202x, TLE202xA, TLE202xB,TLE202xV 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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Figure 55 
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See Figure 1 
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Figure 56 
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TLE202x, TLE202xA, TLE202xB, TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

PEAK-TO-PEAK EQUIVALENT 
INPUT NOISE VOLTAGE 

0.1 TO 10 Hz 
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t-Tlme-s 

. Figure 59 

TLE2021 
UNITY-GAIN BANDWIDTH 

vs 
SUPPLY VOLTAGE 
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See Figure 3 
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Figure 60 

TLE2022 AND TLE2024 
UNITY-GAIN BANDWIDTH 

vs 
SUPPLY VOLTAGE 

RL=10kn 
CL=30pF 
TA = 25°C 

_ See Figure 3 
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Figure 61 
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TLE202x, TLE202xA, TLE202xB,TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191- FEBRUARY 1997 
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vs 
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Figure 64 

TLE2022 AND TLE2024 
PHASE MARGIN 

vs 
SUPPLY VOLTAGE 

RL=10kO 
CL=30pF 
TA=~oC 

- See Figure 3 
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IVCC±I - Supply Voltage - V 

Figure 66 

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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TLE202x,TLE202xA,TLE202xB,TLE202xY 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191- FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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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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TLE202x, TLE202xA,TLE202xB, TLE202xY 
EXCALIBUR HIGH·SPEEDLOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

APPLICATION INFORMATION 

voltage-follower applications 

The TLE202x 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 kn, 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 71). 

CF = 20 pFto 50 pF 

+--- IFS1 mA 

>---VO 

Figure 71. Voltage Follower 

Input offset voltage nulling 

6-56 

The TLE202x series offers external null pins that further reduce the input offset voltage. The circuit in 
Figure 72 can be connected as shown if this feature is desired. When external nulling is not needed, the null 
pins may be left disconnected. 

IN-
OFFSETN2 

IN+ 

OFFSETN1 

vcc - (split supply) 

1 kO GND (single supply) 

Figure 72. Input Offset Voltage Null Circuit 
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TLE202x, TLE202xA,TLE202xB,TLE202xV 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
SLOS191 - FEBRUARY 1997 

APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in73, Figure 74, and Figure 75 were 
generated using the TLE202x typical electrical and operating characteristics at 25°C. Using this information, 
output simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 
• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson: and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers', IEEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 

99 
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+ hUm 
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IN+ --+---+--..... ----t---j---' 
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rd1 rd2 
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VCC_~~~------_4 ..... ~~~t-.54~~~----------------------5 __ 
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Figure 73. Boyle Subcircuit 

PSpice and Parts are trademarks of MicroSim Corporation. 
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TLE202x,TLE2~,TLE202xB,TLE202xY . 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
SLOS191- FEBRUARY 1997 

.$UBCKT TLE2021 1 2 345 hemr BO 1 poly(2) vem+ vern- 0 1 E2 1 E2 . 
irp 3 4 185E-6 

e1 11 126.244E-12 iee 3 10 de 15.67E-6 
c2 6 7 13.4E-12 iio 2 0 2E-9 
c3 87 o 10.64E-9 i1 88 0 1E-21 
cpsr 85 86 15.9E-9 q1 11 89 13qx 
dcm+ 81 82dx q2 12 80 14qx 
dern- 83 81 dx R2 6 9 1oo.0E3 
de 5 53 dx rem 84 81 1K 
de 54 5 dx rea 10 99 14.76ES 
dip 90 91 dx m1 87 0 2.55E8 
din 92 90 dx rn2 87 88 11.S7E3 
dp 4 3 dx ro1 8 5 S2 
ecmr 84 99 (299) 1 ro2 7 99 83 
egnd 99 o poly(2) (3,0) (4,0) 0.5.5 vem+ 82 99 13.3 
apsr 85 o poly(1) (3,4) -60E-6 2.0E-6 vern- 83 99 -14.S 
ansa 89 2 poly(1) (88,0) 120E-6 1 vb 9 0 deO 
fb 7 99 poly(S) vb ve va vip vln vpsr 0 547.3ES ve 3 53 de 1.300 
+ -50E7 50E7 5OE7 -50E7 547ES va 54 4 de 1.500 
ga 8 o 1112188.5E-6 vlim 7 8 dcO 
gem 0 S 1099 335.2E-12 vip 91 0 de3.Soo 
gpsr 85 86 (85,86) 100E-6 vln 0 92 dc3.6oo 
grc1 4 11 (4,11) 1.885E-4 vpsr 0 86 deO 
grc2 4 12 (4,12) l.885E-4 .model dx d(is=800.0E-18) 
gre1 13 10 (13,10) S.82E-4 
gre2 14 10 (14,10) S.82E-4 
hlim 90 o vlim 1k 

.SUBCKT TLE2022 1 2 3 4 5 

c1 
c2 

11 12 6. 814E-12 
6 7 20. OOE-12 

53 dx de 5 
de 54 5dx 

91 dx 
90 dx 
3 dx 

.model qx pnp(is=800.0E-18 bf=270) 

.ends 

Figure 74. Boyle Macromodel for the TLE2021 

11 2.842E3 
12 2.842E3 
10 (10,13) 31.299E-3 
10 (10,14) 31.299E-3 
99 11.07E6 
5 250 
99 250 
4 137.2E3 
o de 0 

dIp 90 
dIn 92 
dp 4 
egnd 99 
fb 7 

o poly(2) (3,0) (4,0) 0 .5 .5 
99 poly(5) vb ve ve v1p vin 0 

rel 4 
re2 4 
gel 13 
ge2 14 
ree 10 
ro1 8 
ro2 7 
rp 3 
vb 9 
ve 3 
ve 54 
vIim 7 
vIp 91 
vln 0 

53 de 1.300 
4 de 1.500 

+ 4S.47E6 
ga 6 0 
gem 06 
iee 3 
hlim 90 
ql 11 
q2 12 
r2 6 

-SOE6 SOE6 50E6 -50E6 
11 12 377. 9E-6 
10 99 7.84E-10 
10 DC 18.07E-6 
o vlim 1k 
2 13 qx 
1 14 qx 
9 100.OE3 

.model dx 

.model qx 

. ends 

8 de 0 
o de 3 
92 de 3 
d(is=800.0E-18) 
pnp(is=800.0E-18 bf=257.1) 

Figure 75. Boyle Macromodel for the TLE2022 
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TLE2027,TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW·NOISE HIGH·SPEED 

PRECISION OPERATIONAL AMPLIFIERS 

• Outstanding Combination of dc Precision 
and AC Performance: 

D, JG, OR P PACKAGE 
(TOP VIEW) 

Unity-Gain Bandwidth •.• 15 MHz Typ 
Vn •.•. 3.3 nV/¥Z at f = 10 Hz Typ, 

2.5 nV/¥Z at f = 1 kHz Typ 
ViC .... 2511V Max 
Avo ... 45 V/I1V Typ With RL = 2 k.O., 

19 V/I1V Typ With RL = 600 n 

OFFSET N1 OS OFFSET N2 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 NC 

• Available in Standard-Pinout Small-Outline 
Package 

• Output Features Saturation Recovery 
Circuitry 

• Macromodels and Statistical information 

description 

The TLE20x7 and TLE20x7 A contain innovative 
circuit design expertise and high-quality process 
control techniques to produce a level of ac 
performance and dc precision previously unavail
able in single operational amplifiers. Manufac
tured using Texas Instruments state-of-the-art 
Excalibur process, these devices allow upgrades 
to systems that use lower-precision devices. 

In the area of dc preciSion, the TLE20x7 and 
TLE20x7A offer maximum offset voltages of 
100 I1V and 25 I1V, respectively, common-mode 
rejection ratio of 131 dB (typ), supply voltage 
rejection ratio of 144 dB (typ) , and dc gain of 
45 V/I1V (typ). 

AVAILABLE OPTIONS 

NC 

IN

NC 

IN+ 

NC 

FKPACKAGE 
(TOP VIEW) 

Z ~ 
Iii Iii 
~ ~ oU-oU-o zOzOz 

o 1000 zozzz 
y 

PACKAGED DEVICES 

VIOmaxAT CHIP CERAMIC TA SMALL 
2SoC OUTLINEt CARRIER DIP 

(D) (FK) (JG) 

2511V 
TLE2027ACD - -
TLE2037ACD - -

O°C to 70°C 
TLE2027CD 

1OOl1V 
- -

TLE2037CD - -

2511V 
TLE2027AID - -
TLE2037AID - -

-40°C to 105°C 
TLE20271D 

100 l1V 
- -

TLE20371D - -

2511V 
TLE2027AMD TLE2027AMFK TLE2027 AMJG 
TLE2037AMD TLE2037AMFK TLE2037 AMJG 

-55°C to 125°C 

1OO11V 
TLE2027MD TLE2027MFK TLE2027MJG 
TLE2037MD TLE2037MFK TLE2037MJG 

tThe 0 packages are available taped and reeled. Add R suffix to device type (e.g., TLE2027ACDR). 
:j: Chip forms are tested at 25°C only. 

PLASTIC 
DIP 
(P) 

TLE2027ACP 
TLE2037ACP 

TLE2027CP 
TLE2037CP 

TLE2027AIP 
TLE2037AIP 

TLE20271P 
TLE20371P 

TLE2027AMP 
TLE2037AMP 

TLE2027MP 
TLE2037MP 

NC 

VCC+ 
NC 

OUT 
NC 

CHIP 
FORM* 

(Y) 

TLE2027Y 
TLE2037Y 

TLE2027Y 
TLE2037Y 

-

-

-

-

~.-:::~::=.';.~~..:.:,e::=.= ~TEXAS 
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TLE2027, TLE2037, TLE2027A,TLE2037A, TLE2027V, TLE2037V 
EXCALIBUR LOW-NOISE HIGH-SPEED. 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

description (continued) 

The ac performance of the TLE2027 and TLE2037 is highlighted by a typical unity-gain bandwidth specification 
of 15 MHz, 55° of phase margin, and noise voltage specifications of 3.3 nV/-{RZ and 2.5 nV/-vHz at frequencies 
of 10Hz and 1 kHz respectively. The TLE2037 and TLE2037 A have been decompensated for faster slew rate 
(-7.5 V/IJS, typical) and wider bandwidth (50 MHz). To ensure stability, the TLE2037 and TLE2037A should be 
operated with a closed-loop gain of 5 or greater. 

Both the TLE20x7 and TLE20x7 A are available in a wide variety of packages, including the industry-standard 
a-pin small-outline version for high-density system applications. The e-suffix devices are characterized for 
operation from ooe to 700 e. The I-suffix devices are characterized for operation from -400 e t01 05°e. The 
M-suffix devices are characterized for operation over the full military temperature range of -55°e to 125°e. 

symbol 
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TLE202xV chip information 

TLE2027, TLE2037,TLE2027A,TLE2037A, TLE2027Y, TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192- FEBRUARY 1997 

This chip, when properly assembled, displays characteristics similar to the TLE202xC. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

1"""""""""""""1"""""""""",,,'1 ' "1'1',""'1"','" 
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OFFSETN1 

IN+ 

IN-

OFFSETN2 
VCC-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ± 1 0%. 

ALL DIMENSIONS ARE IN MILS. 

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

EH31 
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R18 R19 

r 
Vcc-

ACTUAL DEVICE COMPONENT COUNT 

COMPONENT TLE2027 TLE2037 

Transistors 61 61 

Resistors 26 26 

epiFET 1 1 

Capacitors 4 4 i 
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TLE2027,TLE2037, TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW·NOISE HIGH·SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage, Vcer (see Note 1) ......................................................... 19 V 
Supply voltage, VCC- ................................................................... -19 V 
Differential input voltage, VIO (see Note 2) ................................................. ±1.2 V 
Input voltage range, VI (any input) ......................................................... VCC± 
Input current, II (each Input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±1 mA 
Output current, 10 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . ± 50 mA 
Total current into VCC+ .................................................................. 50 mA 
Total current out of Vcc- ................................................................ 50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) . . . . . . . . .. . . . . . . . .. . . . . . . . .. unlimited 
Continuous total power dissipation .................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: C suffix . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . O°C to 70°C 

I suffix ................................. - 40°C to 105°C 
M suffix ................................. - 55°C to 125°C 

Storage temperature range, Tstg ................................................. - 65°C to 150°C 
Case temperature for 60 seconds, T C: FK package ......................................... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P 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 Vee + and vee _. 
2. Differential voltages are at IN+ with respect to IN -. Excessive current flows if a differential input voltage in excess of approximately 

±1.2 V 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;S;25°C DERATING FACTOR TA=70°C TA=105°C TA=125°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING POWER RATING 

D 725mW 5.8 mW/oe 464mW 261 mW 145mW 

FK 1375mW 11.0mW/oC 880mW 495mW 275mW 

JG 1050mW 8.4 mWrC 672mW 378mW 210mW 

p 1000mW 8.0 mWrC 640mW 360mW 200mW 

recommended operating conditions 
CSUFFIX I SUFFIX MSUFFIX 

MIN MAX MIN MAX MIN MAX 
UNIT. 

Supply voltage, Vee± ±4 ±19 ±4 ±19 ±4 ±19 V 

ITA=25°C -11 11 -11 11 -11 11 
Common-mode input voltage, VIC I TA = Full range* 

V 
-10.5 10.5 -10.4 10.4 -10.2 10.2 

Operating free-air temperature, TA 0 70 -40 105 -55 125 °c 

:J: Full range IS O°C to 70°C for e-sufflx deVices, -40°C to 105°e for I-suffIX deViceS, and -55°e to 125°e for M-sufflx deVices. 
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TLE2027,TLE2037,rLE2027A, TLE2037A,TLE2027Y,TLE2037V 
EXCALIBUR LOW-NOISf: HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

TLE20x7C electrica:l characteristics at specified free-air temperature, Vcc± = ±15 V (unless 
otherwise noted) 

TAt 
TLE20x7C nE20x7AC 

PARAMETER TEST CONDITIONS UNIT 
MIN' TYP MAX MIN TYP MAX 

25°C 20 100 10 25 
VIO Input offset voltage 

Full range 145 70 
~V 

aVIO 
Temperature coefficient of 

Full range 0.4 1 0.2 1 ~V/"C input offset voltage 

Input offset vonage 
VIC=O, RS=500 25°C 0.006 1 0.006 1 /lV/mo long-term drift (see Note 4) 

25°C 6 90 6 90 
110 Input offset current nA 

Full range 150 150 

25°(: 15 90 15 90 
liB Input bias current nA 

Full range 150 150 

-11 -13 -11 -13 
25°C to to to to 

Common-mode input 11 13 11 13 
VICR voltage range RS=500 V 

-10.5 -10.5 
FilII range to to 

10.5 10.5 

25°C 10.5 12.9 10.5 12.9 
RL=6000 

Full range 10 10 
VOM+ 

Maximum positive peak 
V 

output voltage swing 25°C 12 13.2 12 13.2 
RL=2ill 

Full range 11 11 

25°0 -10.5 -13 -10.5 -13 
RL=6000 

Full range -10 -10 
VOM-

Maximum negative peak 
V 

output vonage swing 25°C -12 -13.5 -12 -13.5 
RL=2kO 

Full range -11 -11 

VO=±llV, RL=2 ill 25°C 5 45 10 45 

VO=±10V, RL=2 ill Full range 2 4 

large-signal differential 25°C 3.5 38 8 38 
AVO voltage amplification 

VO=±10V, RL= 1 ill 
Full range 1 2.5 

V//lV 

VO=±10V, 25°C 2 19 5 19 

RL =6000 Full range 0.5 2 

Ci Input capacitance 25°C 8 8 pF 

Zo 
Open-loop output 

10=0 25°C 50 50 0 impedance 

Common-mode rejection VIC = VICRmin, 25°C 100 131 117 131 
CMRR dB 

ratio RS=500 Full range 98 114 

VCC±=±4Vto±18V, 
25°C 94 144 110 144 

ksVR 
Supply-voltage rejection RS=500 

dB 
ratio (AvCC± !aVIO) VCC± = ±4 V to ±18 V, 

RS=500 
Full range 92 106 

25°C 3.8 5.3 3.8 5.3 
ICC Supply current VO=O, No load mA 

Full range 5.6 5.6 

t Full range IS O°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 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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TLE2027, TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOSl92- FEBRUARY 1997 

TLE20x7C operating characteristics at specified free-air temperature, Vee ± = ±15 V, TA = 25°C 
(unless otherwise specified) 

PARAMETER TEST CONDITIONS 
TLE20x7C 

MIN TYP 

Rvo 2 k1l, TLE2027 1.7 2.8 
CL= 100 pF. 

TLE2037 See Figure 1 6 7.5 

SR Slew rate at unity gain RL = 2 k1l, 
CL= l00pF. 

TLE2027 1.2 

TA = O·C to 70·C. 
TLE2037 5 See Figure 1 

Equivalent input noise volt- RS=20o. 1= 10 Hz 3.3 
Vn age (see Figure 2) RS=20o. l=lkHz 2.5 

VN(PP) 
Peak-to-peak equivalent in-

f = 0.1 Hz to 10 Hz 50 put noise voltage 

Equivalent input noise cur- 1= 10Hz 1.5 
In rent 1= 1 kHz 0.4 

VO=+10V. 
AVO=1. TLE2027 <0.002% 
See Note 5 

THO Total harmonic distortion 
VO=+10V. 
AVO=5. TLE2037 <0.002% 
See Note 5 

Unity-gain bandwidth RL = 2 k1l, TLE2027 7 13 
Bl (see Figure 3) CL= 100pF TLE2037 35 50 

Maximum output-swing TLE2027 30 
BaM RL=2kn bandwidth TLE2037 80 

Cl>m 
Phase margin at unity gain RL = 2 k1l, TLE2027 55° 

(see Figure 3) CL= 100pF TLE2037 50° 

NOTE 5: Measured distortion of the source used In the analysIs was 0.002%. 
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TLE20x7AC 

MAX MIN TYP 
UNrr 

MAX 

1.7 2.8 

6 7.5 

1.2 
VIlIS 

5 

8 3.3 4.5 
nVNHz 

4.5 2.5 3.8 

250 50 130 nV 

4 1.5 4 
pANHz 

0.6 0.4 0.6 

<0.002% 

<0.002% 

9 13 
MHz 

35 50 

30 
kHz 

80 

55° 

50° 



TLE2027, TLE2037, TLE2027 A, TLE2037 A, TLE2027Y, TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

TLE20x71 electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless 
otherwise noted) 

TAt 
TLE20x71 TLE20x7AI 

PARAMETER TEST CONDITIONS UNIT 
MIN 'TYP MAX MIN TYP MAX 

25°C 20 100 10 25 
VIO Input offset voltage 

Full range ' 180 105 
ILV 

aVIO 
Temperature coefficient of 

Full range 0.4 1 0.2 1 ILvrc input offset voltage 

Input offset voltage 
VIC=O, RS=500 25°C 0.006 1 0.006 1 ILV/mo long-term drift (see Note 4) 

25°C 6 90 6 90 
110 Input offset current nA 

Full range 150 150 

25°C 15 90 15 90 
liB Input bias current nA 

Full range 150 150 

-11 -13 -11 -13 
25°C to to to to 

Common-mode input 11 13 11 13 
VICR RS= 500 V 

voltage range -10.4 -10.4 
Full range to to 

10.4 10.4 

25°C 10.5 12.9 10.5 12.9 
RL=6000 

Full range 10 10 
VOM+ 

Maximum positive peak V 
output voltage swing 25°C 12 13.2 12 13.2 

RL=2kO 
Full range 11 11 

25°C -10.5 -13 -10.5 -13 
RL=6000 

Full range -10 -10 
VOM-

Maximum negative peak 
V 

output voltage swing 25°C -12 -13.5 -12 -13.5 
RL=2kO 

Full range -11 -11 

VO=±ll V, RL=2kO 25°C 5 45 10 45 

VO=±10V, RL=2kO Full range 2 3.5 

Large-signal differential 25°C 3.5 38 8 38 
AVO voltage amplification 

VO=±10V, RL= 1 kO 
Full range 1 2.2 

V/ILV 

25°C 2 19 5 19 
VO=±10V, RL=6000 

Full range 0.5 1.1 

Ci Input capacitance 25°C 8 8 pF 

Zo 
Open-loop output 

10=0 25°C 50 50 0 impedance 

Common-mode rejection VIC = VICRmin, 25°C 100 131 117 131 
CMRR dB 

ratio RS=500 Full range 96 113 

VCC±=±4 Vto±18 V, 
25°C 94 144 110 144 

ksVR 
Supply-voltage rejection RS=500 

dB 
ratio (AVCC± ItNJQ) VCC±=±4Vto±18V, 

RS=50n 
Full range 90 105 

25°C 3.8 5.3 3.8 5.3 
ICC Supply current VO=O, No load rnA 

Full range 5.6 5.6 

t Full range IS - 40°C to 105°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T A = 150°C extrapolated 

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2027, TLE2037,TLE2027A, TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW·NOISE HIGH·SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192- FEBRUARY 1997 

TLE20x71 operating characteristics at specified free-air temperature, Vee ± = ±15 V, TA = 25°C 
(unless otherwise specified) 

PARAMETER TEST CONDITIONS 
TLE20x71 

MIN TYP 

RL=2kn, TLE2027 1.7 2.8 
CL= 100 pF, 
See Figure 1 TLE2037 6 7.5 

SR Slew rate at unity gain RL=2kn, 
CL= 100pF, 

TLE2027 1.1 

TA = -40°C to 85°C, 
TLE2037 4.7 See Figure 1 

Equivalent input noise RS=20n. 1 = 10 Hz 3.3 
Vn voltage (see Figure 2) RS=20n. 1= 1 kHz 2.5 

VN(PP) 
Peak-to-peak equivalent 

1=0.1 Hz to 10Hz 50 input noise voHage 

Equivalent input noise 1 = 10 Hz 1.5 
In current 1= 1 kHz 0.4 

VO=+10V, 
AVO=1, TLE2027 <0.002% 
See Note 5 

THO Total hannonic distortion 
VO=+10V, 
AVO=5, TLE2037 <0.002% 
See Note 5 

Unity-gain bandwidth RL=2 kn, TLE2027 7 13 
B1 (see Figure 3) CL=100pF TLE2037 35 50 

Maximum output-swing TLE2027 30 
BOM RL=2kn 

bandwidth TLE2037 80 

«Pm 
Phase margin at unity RL=2kn, TLE2027 55° 
gain (see Figure 3) CL=100pF TLE2037 50° 

NOTE 5: Measured distortion 01 the source used in the analysis was 0.002%. 
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TLE20x7AI 
UNIT 

MAX MIN TYP MAX 

1.7 2.8 

6 7.5 

1.1 
VIlIS 

4.7 

8 3.3 4.5 
nV/..JHz 

4.5 2.5 3.8 

250 50 130 nV 

4 1.5 4 
pAJ..JHz 

0.6 0.4 0.6 

<0.002% 

<0.002% 

9 13 
MHz 

35 50 

30 
kHz 

80 

55° 
SOo 
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TLE2027, TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSI92 - FEBRUARY 1997 

TLE20x7M electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

TAt 
TLE20x7M 

PARAMETER TEST CONDITIONS 
MIN 

25°C 
VIO Input offset voltage 

Full range 

aVIO 
Temperature coefficient of 

.Full range input offset voltage 

Input offset voltage 
VIC=O, RS=50n 25°C long-term drift (see Note 4) 

110 Input offset current 
25°C 

Full range 

liB Input bias current 
25°C 

Full range 

-11 
25°C to 

Common-mode input 11 
VICR vo~age range 

RS=50n 
-10.3 

Full range to 
10.3 

25°C 10.5 
RL=600n 

Full range 10 
VOM+ 

Maximum positive peak 
output voltage swing 25°C 12 

RL=2kn 
Full range 11 

25°C -10.5 
RL=600n 

Full range -10 
VOM-

Maximum negative peak 
.output voltage swing 25°C -12 

RL=2 kn 
Full range -11 

VO=±IIV,RL=2kn 25°C 5 

VO=±10V,RL=2kn Full range 2.5 

AVO 
Large-signal differential 25°C 3.5 
voltage amplification VO=±10V, RL= 1 kn 

Full range 1.8 

VO=±10V, RL=600n 25°C 2 

Ci Input capacitance 25°C 

Zo 
Open-loop output 

10=0 25°C impedance 

Common-mode rejection VIC = VICRmin, 25°C 100 
CMRR 

ratio RS=50n Full range 96 

VCC±=±4Vto±18V, 
25°C 94 

kSVR 
Supply-voltage rejection RS=50n 

ratio (A.vCC± IAVIO) VCC±=±4Vto±18V, 
RS=50n 

Full range 90 

ICC Supply current VO=O, 
25°C 

No load 
Full range 

, On products compliant to MIL-PRF-38535, this parameter is not production tested. 
t Full range is - 55°C to 125°C. 

TYP 

20 

0.4 

0.006 

6 

15 

-13 
to 
13 

12.9 

13.2 

-13 

-13.5 

45 

38 

19 

8 

50 

131 

144 

3.8 

TLE20x7AM 
UNIT 

MAX MIN TYP MAX 
100 10 25 

200 105 
!lV 

I' 0.2 I' !lV/oC 

I' 0.006 I' !lV/mo 

90 6 90 
nA 

150 150 

90 15 90 
nA 

150 150 

-11 -13 
to to 
11 13 

V 
-10.4 

to 
10.4 

10.5 12.9 

10 
V 

12 13.2 

11 

-10.5 -13 

-10 
V 

-12 -13.5 

-11 

10 45 

3.5 

8 38 V/!lV 

2.2 

5 19 

8 pF 

50 n 

117 131 
dB 

113 

110 144 

dB 

105 

5.3 3.8 5.3 
mA 

5.6 5.6 

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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TLE2027,TLE2037,TLE2027A,TLE2037A,TLE2027V,TLE2037V 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOSl92 - FEBRUARY 1997 

TLE20x7M operating characteristics at specified free-air temperature, Vee ± = ±15 V, TA = 25°C 
(unless otherwise specified) 

TLE20x7M 
PARAMETER TEST CONDITIONS 

MIN TYP 

RL=2kO, TLE2027 1.7 2.8 
CL= 100pF, 
See Figure 1 TLE2037 6- 7.5 

SR Slew rate at unity gain RL= 2 kO, TLE2027 1 
CL= 100pF, 
TA =-55°C to 125°C, 

TLE2037 4.4-
See Figure 1 

Equivalent input noise RS =20 a. 1 = 10 Hz 3.3 
Vn voltage (see Figure 2) RS=20a. 1= 1 kHz 2.5 

VN(PP) 
Peak-to-peak equivalent 

1=0.1 HztotOHz 50 
input noise voltage 

Equivalent input noise 1= 10 Hz 1.5 
In current 1=lkHz 0.4 

VO=+10V, 
AVO=I, TLE2027 <0.002% 
See Note 5 

THO Total harmonic distortion 
VO=+10V, 
AVO=5, TLE2037 <0.002% 
See NoteS 

Unity-gain bandwidth RL=2kO, TLE2027 7- 13 
Bl (see Figure 3) CL= 100 pF TLE2037 35 50 

Maximum output-swing TLE2027 30 
BOM RL=2kO 

bandwidth TLE2037 80 

<l>m 
Phase margin at unity RL= 2 kO, TLE2027 55° 

gain (see Figure 3) CL=100pF TLE2037 50° 

- On products compilant to MIL-PRF-38535, this parameter is not production tested. 
NOTE 5: Measured distortion 01 the source used in the analysis was 0.002%. 
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TLE20x7AM 
UNIT 

MAX MIN TYP MAX 

1.7 2.8 

6- 7.5 

1 
V/iJ.S 

4.4-

S- 3.3 4.5-
nV/VHz 

4.5- 2.5 3.8-

250- 50 130- nV 

4- 1.5 4-
pA/VHz 

0.6- 0.4 0.6-

<0.002% 

<0.002% 

9- 13 
MHz 

35 50 

30 
kHz 

80 

55° 

50° 
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TLE2027,TLE2037,TLE2027A,TLE2037A,TLE2027V,TLE2037V 
EXCALIBUR LOW-NOISE HIGH-SPEED. 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl92 - FEBRUARY 1997 

TLE20x7Y electr.ical characteristics, Vcc± = ±15 V, TA, = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN 

TLE20x7Y 

TYP MAX 

"10 Input offset voltage 20 

Input offset voltage 
0.006 

long-term drift (see Note 4) VIC=O, RS=500 

110 Input offset curren! 6 

liB Input bias current 15 

-13 

VICR Common-mode input voltage range RS=500 to 
13 

RL=6000 12.9 
VOM.j. Maximum positive peak output voltage swing 

RL=2kn 13.2 

Maximum negative peak output voltage swing 
RL=6000 -13 

VOM-
RL=2kn -13.5 

VO=±llV, RL=2 kn 45 

AVO Large-signal differential voltage amplification 
VO=±10V, RL=l'kn 38 

VO=±10V, 
RL =6000 

19 

CI Input capacitance 8 

Zo Open-loop output impedance 10=0 50 

CMRR Common-mode rejection ratio VIC = VICRmin, 131 
RS=500 

kSVR SupplY'voltage rejection ratio (LWCC± laVIO) 
VCC± = ±4 V to ±18 V, 

144 
RS=500 

ICC Supply current VO=O, No load 3,8 

UNIT 

!LV 

!LV/mo 

nA 

nA 

V 

V 

V 

V/!LV 

pF 

0 

dB 

dB 

rnA 

NOTE 4: TYPical values are based on the Input offset voltage shift observed through 168 hours of operallng ilfe 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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TLE2027,TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

TLE20x7Y operating characteristics at specified free-air temperature, Vee ± = ±15 V 

PARAMETER TEST CONDITIONS 

RL = 2 k.Q, CL = 100 pF, I TLE2027 
SR Slew rate at unity gain 

See Figure 1 TLE2037 

RS=200, 1 = 10 Hz 
Vn Equivalent input noise voltage (see Figure 2) 

RS=20o, 1=1 kHz 

VIII(PP) Peak-to-peak equivalent input noise voltage 1=0.1 Hztol0Hz 

In Equivalent input noise current 
1=10Hz 

l=lkHz 

VO=+10V, AVO=l, 
TLE2027 

See NoteS 
THO Total harmonic distortion 

VO=+10V, AVO =5, TLE2037 
See NoteS 

TLE2027 
Bl Unity-gain bandwidth (see Figure 3) RL=2 ko, CL=100pF 

TLE2037 

TLE2027 
BaM Maximum output-swing bandwidth RL=2 kO 

TLE2037 

TLE2027 
Ci>m Phase margin at unity gain (see Figure 3) RL = 2 k.Q, CL=lOOpF 

TLE2037 

NOTE 5: Measured distortion 01 the source used In the analysIs was 0.002%. 
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TLE2Ox7Y 
UNIT 

MIN TYP MAX 

2.8 

7.5 
V/fJ.s 

3.3 
nV/VHz 

2.5 

50 nV 

1.5 
pAlVHz 

0.4 

<0.002% 

<0.002% 

13 
MHz 

50 

30 
kHz 

80 

55° 

50° 
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TLE2027, TLE2037,TLE2027A, TLE2037A,TLE2027~ TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEi:D 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS192-FEBRUARY 1997 

PARAMETER MEASUREMENT INFORMATION 

>-_._----e- Vo 

200 

NOTE A: CL includes fixture capacitance. 

2kn 

Vo 

Figure 1. Slew-Rate Test Circuit Figure 2. Noise-Voltage Test Circuit 

10kO 

1000 

>-"*-----.- Vo 
>--*------;._ Vo 

2kn 
2kn 

NOTE A: CL includes fixture capacitance. NOTES: A. CL includes fixture capacitan\)e. 

6-72 

Figure 3. Unity-Gain Bandwidth and 
Phase-Margin Test Circuit (TLE2027 Only) 
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B. For the TLE2037 and TLE2037A, 
AVD must be 2! 5. 

Figure 4. Small-Signal Pulse
Response Test Circuit 
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typical values 

TLE2027, TLE2037, TLE2027A, TLE2037A,TLE2027Y, TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

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

initial estimates of parameter distributions 

In the ongoing program of improving data sheets and supplying more information to our customers, Texas 
Instruments has added an estimate of not only the typical values but also the spread around these values. These 
are in the form of distribution bars that show the 95% (upper) points and the 5% (lower) points from the 
characterization of the initial wafer lots of this new device type (see Figure 5). The distribution bars are shown 
at the points where data was actually collected. The 95% and 5% points are used instead of ± 3 sigma since 
some of the distributions are not true Gaussian distributions. 

The number of units tested and the number of different wafer lots used are on all of the graphs where distribution 
bars are shown. As noted in Figure 5, there were a total of 835 units from two wafer lots. In this case, there is 
a good estimate for the within-lot variability and a possibly poor estimate of the lot-to-Iot variability. This is always 
the case on newly released products since there can only be data available from a few wafer lots. 

The distribution bars are not intended to replace the minimum and maximum limits in the electrical tables. Each 
distribution bar represents 90% of the total units tested at a specific temperature. While 10% of the units tested 
fell outside any given distribution bar, this should not be interpreted to mean that the same individual devices 
fell outside every distribution bar. 

5 

c( 4.5 
E 
I 

~ 4 
:::I 
t) 

i 
~ 3.5 
I 

~ 
3 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

vJc±=1±15~ 
Vo=O 

- No Load 
V Sample Size = 835 Units 

V From 2 Water Lots 

/ 

V 
V 

11 
V 

1 n 

. ..--

...... 
"----

95% point on the distribution bar 
(5% of the device, fell above this point.) 

90% of the devices were within the upper 
and lower points on the distribution bar. 

5% point on the distribution bar 
(5% of the devices fell below this point.) 

2'~75 -SO -25 0 25 50 75 100 125 150 

TA - Free-Air Temperature - °c 

Figure 5. Sample Graph With Distribution Bars 
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TLE2027, TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW·NOISE HIGH·SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl92-FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

Table of Graphs 

VIO Input offset voltage Distribution 

AVIO Input offset voltage change vs Time after power on 

110 Input offset current vs Free-air temperature 

liB Input bias current vs Free-air temperature 
vs Common-mode input voHage 

II Input current vs Differential input voHage 

VO(PPI Maximum peak-to-peak output voHage vs Frequency 

VOM 
Maximum (posHive/negative) peak output vs Load resistance 
voHage vs Free-air temperature 

vs Supply voHage 

AVD Large-signal differential voltage amplification vs Load resistance 
vs Frequency 
vs Free-air temperature 

Zo Output impedance vs Frequency 

CMRR Common-mode rejection ratio vs Frequency 

kSVR Supply-voltage rejection ratio vs Frequency 

vs Supply voHage 
lOS Short-circut output current vs Elapsed time 

vs Free-air temperature 

ICC Supply current vs Supply voHage 
vs Free-air temperature 

VoHage-foliower pulse response Small signal 
Large signal 

Vn Equivalent input noise voHage vs Frequency 

Noise voltage (referred to input) Over 10-second interval 

Bl Unity-gain bandwidth vs Supply voHage 
vs Load capacitance 

Gain bandwidth product vs Supply voHage 
vs Load capacitance 

SR Slew rate vs Free-air temperature 

vs Supply voHage 
(jim Phase margin vs Load capacitance 

vs Free-air temperature 

Phase shift vs Frequency 
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TLE2027,TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

DISTRIBUTION 
INPUT OFFSET VOLTAGE 
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Figure 6 
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Figure 9 

t Data at high and low temperatures are applicable only wHhin the rated operating free-air temperature ranges of the various devices. 
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TLE2027, TLE2037" TLE2027 A, TLE2037 A, TLE2027Y, TLE2037Y 
EXCALIBUR LOW~NOISE ,HIGH-SPEED 
PREC1SION OPERATIONAL AMPLIFIERS 
81,.08192 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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Figure 10 
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Figure 11 

TLE2027 
MAXIMUM PEAK-To-PEAK 

OUTPUT VOLTAGEt 
va 

FREQUENCY 

TA= 125°C 

f - Frequency - Hz 

Figure 13 

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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TLE2027,TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
TLE2037 
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Figure 14 
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Figure 15 
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Figure 17 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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TLE2027, TLE2037,TLE2027A,TLE2037A,TLE2027~TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl92- FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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Figure 18 
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Figure 20 
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Figure 19 
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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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TLE2027,TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037V 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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Figure 21 

TLE2037 
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Figure 22 

~TEXAS 
INSTRUMENTS 

'\ 

'\. 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

75° 

100° 

125° 

150° 

I 
175° !II 

I 
2000 II. 

225° 

1\1/ 275° 
100M 

SLOS192- FEBRUARY 1997 

6-79 



TLE2027, TLE2037,TLE2021A,TLE2037A, TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS1!/2 - FEBRUARY 1997 
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Figure 24 
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TLE2027, TLE2037,TLE2027A,TLE2037A, TLE2027V,TLE2037V 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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Figure 28 

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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TLE2027, TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS192-FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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t - Elasped Time - s 

Figure 31 
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TYPICAL CHARACTERISTICS 
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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 CHARACTERISTICS 
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LARGE-SIGNAL 
PULSE RESPONSE 

VCC±=±15V 
RL=2kn 
CL=100pF 
TA=25°C 

r See Figure 4 > 
I 

/ 1\ See Figure 1 

200 . 400 600 800 1000 
t-Tlme-ns 

Figure 37 

TLE2037 
VOLTAGE-FOLLOWER 

SMALL-SIGNAL 
PULSE RESPONSE 

('\ 

I \ 

GI 5 

I 
~ 
'5 0 
a. 
'5 
0 
I -5 
~ 

-10 

-15 

15 

10 

> 
I 5 GI 
DI 
:ll! 
~ 0 '5 
~ 
0 
I -5 

~ J VCC±=±15V 
\ 

AVO=5 
RL=2 kn 
CL=100pF 
TA=25°C 

SiFigurej 

o 100 200 

t-Tlme-ns 

Figure 39 
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Figure 38 

15 20 

TLE2037 
VOLTAGE-FOLLOWER 

LARGE-SIGNAL 
PULSE RESPONSE 

VCC±=±15V 
AVO=5 
RL=2 kn 
CL= 100 pF VT \ TA=25°C 

SeeFi urel 

\ 
/ 1\ 

/ \ 
o 2 4 6 

t-llme-l1s 

Figure 40 
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TLE2027,TLE2037,TLE2027A, TLE2037A, TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192- FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

~ 
VCC±=±15V 
RS=20Q 
TA=25°C 
See Figure 2 

\ Sample Size = 100 Units 
From 2 Wafer Lots 

\ 
\ 

r"-.... 

1 10 100 1 k 

f - Frequency - Hz 

Figure 41 

TLE2027 
UNITY-GAIN BANDWIDTH 

vs 
SUPPLY VOLTAGE 

RL=2kn I 
CL=100pF 
TA = 25°C 
See Figure 3 

10 k 100 k 

~ 

NOISE VOLTAGE 
(REFERRED TO INPUT) 

OVER A 1D-SECOND INTERVAL 

50 ~--~----~----~----~--~ 

40 

30 

VCC ± = ± 15 V +--1---+----1 
f=0.1 to10Hz 

TA = 25°C 

20 ~;-~-----+-----r----~--~ 

I· 10 1IIIrt1H-r~-.t-r--rl--:t1,..,..-r"tr1r-ir+---~ 

J ~ 0 

=: - 10 1--+-+I.J.....;.--f.!-!+---IIAHAfjf-++llil+-fl---I 
;g 

N :z: 
::Ii 
I 

13 
:::I 

" e 
II. 
~ 

15 
·i 
" c as , 
·iii 
CI 

-20 ~--~-----+-----r----~~~ 

-30 ~--~-----+-----r----~--~ 

-~ ~--~-----+-----r----~--~ 

-50 ~--~----~----~----~--~ 
o 

52 

51 

50 

49 

48 

2 4 6 8 

t-llme-s 

Figure 42 

TLE2037 
GAIN-BANDWIDTH PRODUCT 

vs 
SUPPLY VOLTAGE 

f = 1100 ~HZ 
RL=2kn 
CL=100pF 
TA = 25°C 

~ 

/" 
/" 

~ ./ 

V 

10 

f-

o 2 4 6 8 10 12 14 16 18 20 22 o 2 4 6 8 10 12 14 16 18 20 

I VCC± 1- Supply Voltage - V 

Figure 43 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

I VCC± I - Supply Voltage - V 

Figure 44 
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TLE2027, TLE2037,TLE2027A,TLE2037A,TLE2027V,TLE2037Y 
EXCALIBUR lOW-NOISE HIGH~SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS192- FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

16 

TLE2027 
UNITY·GAIN BANDWIDTH 

va 
LOAD CAPACITANCE 

VCC±=±15V 52 

TLE2037 
GAIN·BANDWIDTH PRODUCT 

va 
LOAD CAPACITANCE 

r-- ......... RL=21dl VCC±=±15V 

~ 12 :::Ii 
I 

t 
] 8 
c 

i 
:5 4 
I 

rJj 

o 
100 

3 

2.8 

2.2 

2 

r--.. ..... TA=25°C 
See Figure 3 

" ......... " 

1000 
CL - Load Capacitance - pF 

Figure 45 

TLE2027 
SLEWRATEt 

va 
FREE·AIR TEMPERATURE 

v 

/ 
V 

V 
J 

VCC±=±15V 
AVD=1 
RL=21dl 
CL=100pF 
~Figure1 

10000 

co 
::I. 

:> 

N :c 
:::Ii 
I 

g 
I 
A. 
~ 

~ 

I c .. 
ID 
C 
'ii 
CJ 

10 

9 

I 8 

i 
~ 
iii 7 
I 

a:: 
III 

6 

5 

51 

50 

49 

48 
100 

-.......... r-... 1'00 .... 

RL=21dl 
TA = 25°C 

............. 
........ .... 

"""I-

1000 

CL - Load capacitance - pF 

Figure 46 

TLE2037 
SLEWRATEt 

va 
FREE·AIR TEMPERATURE 

! 
VCC±=±15V V AVD=5 

./ RL=21dl 
CL=100pF 

V 
, 

See Figure 1 

V 
/ 

~ 

10000 

-75 -50 -25 0 25 50 75 100 125 150 -75 -50 -25 0 25 50 75 100 125 150 
TA - Free-Air Temperature - °c TA - Free-Air Temperature - °c 

Figure 47 Figure 48 

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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58° 

56° 

54° 

1520 
II 500 

f 
I 48° 
E 

-e-
46° 

44° 

42° 

60° 

.5 400 

i 
J 30° 

I 

.;, 20° 

10° 

TLE2027,TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

R~=2'kn I 
CL= 100 pF 
TA = 25°C 

TLE2027 
PHASE MARGIN 

VB 
SUPPLY VOLTAGE 

........ 1""' 

SeeFI ure3 ./ 
".. 

/ 
V 

/ 
I 

j 
/ 

o 2 4 6 8 10 12 14 16 18 20 22 

1 VCC± 1- Supply Voltage - V 

Figure 49 

TLE2027 
PHASE MARGIN 

VB 
LOAD CAPACITANCE 

VCC±=±15V 

t'\. RL=2kn 
TA = 25°C 

\ See Figure 3 

1\ 
'\ 
I\~ 

----

52° 

50° 

c 48° 

'e» 
III 
:E 46° 
3: 
III .c 44° ~ 
I 
E 

-e-
42° 

40° 

38° 

50" 

50° 

,5 40° 
2' 
III 
:E 
3: 30° III .c 
~ 
I 
E 20° -e-

10° 

AVO=5 
RL=2kn 
CL=100pF 
TA=25°C 

J 

/ 
II 

TLE2037 
PHASE MARGIN 

VB 
SUPPLY VOLTAGE 

/ 
".-

V 
/ 

k-~ 

o 2 4 6 8 10 12 14 16" 18 20 

'" 

I VCC± I - Supply Voltage - V 

\ 

Figure 50 

TLE2037 
PHASE MARGIN 

VB 
LOAD CAPACITANCE 

Vcc±=± 15 V 
RL=2kn 
TA=25°C 

\. 

I\~ 

~ 

0° 
100 1000 

0° 
100 1000 10000 

CL - Load Capacitance - pF 

Figure 51 
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TLE2027, TLE2037, TLE2027 A, TLE2037A, TLE2027V, TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 

. SLOS192-FEBRUARY1997 

TYPICAL CHARACTERISTICS 

65° 

TLE2027 
PHASE MAROINt 

va 
FREE-AIR TEMPERATURE 

55° 

TLE2037 
PHASE MARGINt 

va 
FREE-AIR TEMPERATURE 

VCC±=±15V VCC±=±15V 

60° 

e 
55° 'r 

::E 

I 50° 
.t:: 
a. 
I 

E 
45° -e-

40° 

~ 
RL=2kn 

i'. 
TA = 25°C 

" 
See Figure 3 

1"\ 
~ 

'\ 

" 1\ 

53° 

e 
'E' 51° 1\1 
::E 

I 
.t:: 
a. 
I 49° 
E 

-e-

47° 

AVD=5 
RL=2kn 

f--
CL=100pF 

V 
..--r..... 

~ ---- " ~ 
35° 

-75 -&0 -25 0 25 50 75 100 125 150 
45° 

-75 -50 -25 0 25 50 75 100 125 150 

TA - Free-Air Temperature - °c TA - Free-Air Temperature - °C 

Figure 53 Figure 54 

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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input offset voltage nulling 

TLE2027,TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192- FEBRUARY 1997 

APPLICATION INFORMATION 

The TLE2027 and TLE2037 series offers extemal null pins that can be used to further reduce the input offset 
voltage. The circuits of Figure 55 can be connected as shown if the feature is desired. If external nulling is not 
needed, the null pins may be left disconnected. 

1 kn 

10kn 
4.7kn 

IN- IN-

OUT OUT 

IN+ IN+ 

Vcc-
(8) STANDARD ADJUSTMENT (b) ADJUSTMENT WITH IMPROVED SENSITIVITY 

Figure 55. Input Offset Voltage Nulling Circuits 

voltage-follower applications 

The TLE2027 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. Also, this feedback resistor forms a pole with the input capacitance of the device. 
For feedback resistor values greater than 10 kn, 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 56). 

CF = 20 to 50 pF 

>--"'--VO 

Vl--.... -' 

Figure 56. Voltage Follower 
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TLE2027, TLE2037,TLE2027A,TLE2037A,TLE2027Y,TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS192- FEBRUARY 1997 

APPLICATION INFORMATION 

macromodellnformation 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 6) and subcircuit in Figure 57, Figure 58, and 
Figure 59 were generated using the TLE20x7 typical electrical and operating characteristics at 25°C. Using this 
information, output simulations of the following key parameters can be generated to a tolerance of 20% (in most 
cases): 

• Maximum positive output voltage swing • Gain-bandwidth product 
• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 
• Quiescent power dissipation • DC output resistance 
• Input bias current • AC output resistance 
• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 6: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers", IEEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 

3 
VCC+ 9 egnd 

rc1 c1 rc2 
rp 

din 
.-----j<IIt--.. 92 

IN+ + vip vln 

IN- vc + 

2 dp 

- -
de 

- - ro1 

VCC- --~~~----~----~-+-+-'~----------------------5 
4 

OUT 

Figure 57. Boyle Macromodel 

PSpice and Parts are trademarks of MicroSlm Corporation. 
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TLE2027, TLE2037, TLE2027A, TLE2037A,TLE2027~ TLE2037Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS192 - FEBRUARY 1997 

APPLICATION INFORMATION 

macromodellnformation (continued) 

.subekt TLE2027 1 2 345 q2 12 1 14 qx 
* r2 6 9 100.0E3 

e1 11 12 4.003E-12 re1 3 11 530.5 
e2 6 7 20.00E-12 re2 3 12 530.5 
de 5 53 dz re1 13 10 -393.2 
de 54 5 dz re2 14 10 -393.2 
dip 90 91 dz ree 10 99 3.571E6 
din 92 90 dx ro1 8 5 25 
dp 4 3 dz ro2 7 99 25 
egnd 99 0 poly(2) (3,0) rp 3 4 8.013E3 

(4,0) o 5 .5 vb 9 0 de 0 
fb 7 99 poly(5) vb ve ve 3 53 de 2.400 

ve vip vln o 954.8E6 -lE9 1E9 1E9 ve 54 4 de 2.100 
-lE9 vlim 7 8 de 0 

ga 6 0 11 12 vip 91 0 de 40 
2.062E-3 vln 0 92 de 40 

gem 0 6 10 99 .modeldx D(Is=800.0E-18) 
531. 3E-12 .modelqx NPN(Is=800.0E-18 

iee 10 4 de 56.01E-6 Bf=7.000E3) 
hlim 90 0 vlim 1K . ends 
q1 11 2 13qx 

Figure 58. TLE2027 Macromodel Subcircuit 

.subekt TLE2037 1 2 3 4 5 q2 12 1 14 qz 
* r2 6 9 100.0E3 

e1 11 12 4.003E-12 re1 3 11 471.5 
e2 6 7 7.500E-12 re2 3 12 471.5 
de 5 53 dz re1 13 10 A448 
de 54 5 dz re2 14 10 A448 
dip 90 91 dz ree 10 99 3.555E6 
din 92 90 dx ro1 8 5 25 
dp 4 3 dz ro2 7 99 25 
egnd 99 0 poly(2) (3,0) rp 3 4 8.013E3 

(4,0) 0 .5 .5 vb 9 0 de 0 
fb 7 99 poly(5) vb ve ve 3 53 de 2.400 

ve vip vln 0 923.4E6 A800E6 ve 54 4 de 2.100 
800E6 800E6 A800E6 vlim 7 8 de 0 

ga 6 0 11 12 2.121E-3 vip 91 0 de 40 
gem 0 6 10 99 597.7E-12 vln 0 92 de 40 
iee 10 4 de 56.26E-6 . model dxD(Is=800.0E-18) 
hlim 90 0 vlim 1K . model qxNPN(Is=800.0E-18 
q1 11 2 13 qx Bf=7.031E3) 

. ends 

Figure 59. TLE2037 Macromodel Subcircuit 
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• 2x Bandwidth (2 MHz) of the TL06x and 
TL03x Operational Amplifiers 

• Low Supply Current ..• 290 I1AICh Typ 
• On-chip Offset Voltage Trimming for 

Improved DC Performance 

description 

TLE206x,TLE206xA,TLE206xB, TLE206xY 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 

IlPOWER OPERATIONAL AMPLIFIERS 
FEBRUARY 1997 

• High Output Drive, Specified into 100-n 
Loads 

• Lower Noise Floor Than Earlier 
Generations of Low-Power BiFETs 

The TLE206x series of low-power JFET-input operational amplifiers doubles the bandwidth of the earlier 
generation TL06x and TL03x BiFET families without significantly increasing power consumption. Texas 
Instruments Excalibur process also delivers a lower noise floor than the TL06x and TL03x. On-chip zener 
trimming of offset voltage yields precision grades for dc-coupled applications. The TL206x devices are 
pin-compatible with other TI BiFETs; they can be used to double the bandwidth of TL06x and TL03x circuits, 
or to reduce power consumption of TL05x, TL07x, and TL08x circuits by nearly 90%. 

BiFET operational amplifiers offer the inherently-higher input impedance of the JFET-input transistors, without 
sacrificing the output drive associated with bipolar amplifiers. This makes them better suited for interfacing with 
high-impedance sensors or very low-level ac signals. They also feature inherently better ac response than 
bipolar or CMOS devices having comparable power consumption. The TLE206x family features a 
high-output-drive circuit capable of driving 100-n loads at supplies as low as ±5 V. This makes them uniquely 
suited for driving transformer loads in modems and other applications requiring good ac characteristics, low 
power, and high output drive. 

Because BiFET operational amplifiers are designed for use with dual power supplies, care must be taken to 
observe common-mode input voltage limits and output swing when operating from a single supply. DC biasing 
of the input signal is required and loads should be terminated to a virtual ground node at mid-supply. Texas 
Instruments TLE2426 integrated virtual ground generator is useful when operating BiFET amplifiers from single 
supplies. 

The TLE206x are fully specified at ±15 V and ±5 V. For operation in low-voltage and/or single-supply systems, 
Texas Instruments LinCMOS families of operational amplifiers (TLC- and TLV-prefixes) are recommended. 
When moving from BiFET to CMOS amplifiers, particular attention should be paid to slew rate and bandwidth 
requirements, and output loading. The Texas Instrument TLV2432 and TLV2442 CMOS operational amplifiers 
are excellent choices to consider. 

~TEXAS 
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TLE206~,TLE206xA,TLE206xB,TLE206xV 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

. J.lPOWER OPERATIONAL AMPLIFIERS 
. SLOSl93 - FEBRUARY 1997 

TLE2061 AVAILABLE OPTIONS 

PACKAGED DEVICES 

CHIP CERAMIC 
VIOmax 

SMALL 
SSOP* 

TA AT 25°C OUTLINEt 
(DB) 

CARRIER DIP 
(D) (FK) (JG) 

O°C 500~V - - - -
to 1.5mV TLE20S1ACD - - -

PLASTIC 
CHIP 

TSSOP* FORM§ 
DIP 

(PW) M (P) 

- - -
TLE20S1ACP - -

70°C 3mV TLE20S1Co TLE20S1CDBLE TLE20S1CP TLE20S1 CPWLE TLE20S1Y - -
-40°C 5OO~V - - - - - - -

to 1.5mV TLE2061AID - - - TLE20S1AIP - -
85°C 3mV TLE2061ID - - - TLE20S11P - -

-55°C 500~V - - - - - - -
to 1.5mV TLE20S1AMD - TLE20S1AMFK TLE20S1AMJG TLE2061AMP - -

125°C 3mV TLE2061MD - TLE2061MFK TLE2061MJG TLE20S1MP - -
tThe 0 packages are available taped and reeled. Add R suffix to device type (e.g., TLE20S1ACDR).Chlps are tes1ed at 25°C. 
:j:The DB and PW packages are available left-end taped and reeled (indicated by the LE suffix on the device type (e.g., TLE2061CDBLE). 
§ Chip forms are tested at 25"C only. 

TLE20S2 AVAILABLE OPTIONS 

PACKAGED DEVICES 

VIOmax SMALL OUTLlNEf CHIP CARRIER CERAMIC DIP PLASTIC DIP 
TA AT 25°C (D) (FK) (JG) (P) 

O°C 1mV TLE2062BCD - - TLE20S2BCP 
to 2mV TLE2062ACo - - TLE20S2ACP 

70°C 4mV TLE2062Co - - TLE20S2CP 

-40°C 1 mV TLE20S2BID - - TLE20S2BIP 
to 2mV TLE2062Alo - - TLE20S2AIP 

85°C 4mV TLE2062ID - - TLE20S21P 

-55°C 1 mV TLE2062BMD TLE20S2BMFK' TLE20S2BMJG TLE20S2BMP 
to 2mV TLE2062AMo TLE2062AMFK TLE20S2AMJG TLE20S2AMP 

125°C 4mV TLE2062Mo TLE2062MFK TLE20S2BMJG TLE20S2BMP 

tThe D packages are available taped and reeled. Add R suffix to device type (e.g., TLE20S2ACDR). 
:j: Chip forms are tes1ed at 25°C only. 

TLE2064 AVAILABLE OPTIONS 

PACKAGED DEVICES 

VIOmax SMALL OUTLlNEt CHIP CARRIER CERAMIC DIP PLASTIC DIP 
TA AT 25°C (0) (FK) (J) (N) 

O°C 2mV - TLE20S4BCN 
to 4mV TLE20S4ACo - - TLE20S4ACN 

70°C SmV TLE2064Co TLE2064CN 

-40°C 2mV - TLE2064BIN 
to 4mV TLE2064AID - - TLE2064AIN 

85°C SmV TLE2064ID TLE20S41N 

-55°C 2mV - - TLE2064BMJ TLE20S4BMN 
to 4mV TLE2064AMD TLE20S4AMFK TLE20S4AMJ TLE20S4AMN 

125°C SmV TLE2064Mo TLE20S4MFK TLE2064MJ TLE2064MN 

tThe 0 packages are available taped and reeled. Add R suffix to device type, (e.g., TLE2064ACoR). 
:j: Chip forms are tested at 25°C only. 
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TLE2061, TLE2061 A, AND TLE2061 B 
D, DB, JG, P, OR PW PACKAGE 

(TOP VIEW) 

IN- 2 7 Vec+ 
OFFSET N1 []8 NC 

IN+ 3 6 OUT 
Vee _ 4 5 OFFSET N2 

TLE2061M, TLE2061AM, TLE2061BM 
FKPACKAGE 

NC 4 
IN- 5 
NC 6 

IN+ 7 
NC 8 

(TOP VIEW) 

z 
/jj 

o LLOfe 0 0 0 
Z z.z Z 

3 2 1 2019 
18 
17 
16 
15 
14 

9 1011 1213 

o 60~O z OZ z 
> /jj 

fe 
LL 
o 

NC - No internal connection 

NC 

Vec+ 
NC 
OUT 
NC 

TLE206x, TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

~POWER OPERATIONAL AMPLIFIERS 
SLOSl93- FEBRUARY 1997 

TLE2062,TLE2062A,TLE2062B 
D, JG, OR P PACKAGE 

(TOP VIEW) 

10UT[]8 Vee+ 
lIN- 2 7 20UT 
11N+ 3 6 21N-

VCC- 4 5 21N+ 

TLE2062M,TLE2062AM,TLE2062BM 
FKPACKAGE 
(TOP VIEW) 

I- + 

o50go 
Z~Z>Z 

NC 
3 2 1 2019 

NC 4 18 
11N- 5 17 20UT 

NC 6 16 NC 
11N+ 7 15 21N-

NC 8 14 NC 
9 10 11 12 13 

0 10+0 
Z ()ZZZ 
~ (\j 
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TLE2064,TlE2064A,TlE2064B 
D, J, OR N PACKAGE 

(TOP VIEW) 

10UT 1 40UT 
41N-
41N+ 

Vce-
31N+ 
31N-

8 30UT 

TLE2064M, TLE2064AM, TLE2064BM 
FKPACKAGE 

4 

7 
8 

(TOP VIEW) 

I I- I- I 
Z:::lO:::lZ 
;:Qz~~ 

3 2 1 2019 
18 
17 
16 
15 
14 

9 1011 1213 

11-01-1 
Z:::lZ:::lZ 
-0 0-
C\IC\I MM 

41N+ 
NC 

VCC-
NC 
31N+ 
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TLE206x, TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET·INPUT HIGH~OUTPUT·DRIVE 
/lPOWER OPERATIONAL AMPLIFIERS . 

SLOS193- FEBRUARY 1997 

TLE2061Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLE2061. 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. 
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VCC+ 

OFFSETN1 

IN+ 

IN-

OFFSETN2 

(1) 

(3) 

(2) 

(5) 

(7) 

(4) 

vCC-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 X 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ± 10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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TLE2062Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLE2062. 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. 
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BONDING PAD ASSIGNMENTS 

14�4-------- 73 -------~.I 
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11N+ (3) 

11N- (2) 

20UT 

VCC-

(5) 21N+ 

(6) 21N-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax=150·C 

TOLERANCES ARE ± 1 0%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNALLY CONNECTED 
TO BACKSIDE OF THE CHIP. 
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TLE2064Y chip information 

. This chip, when properly assembled, displays characteristics similar to the TLE2064. 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. 

---------------------- 73 ---

1 
---
-----
---
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14 139 ~ 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

11N+ 

11N-

(13) 
41N-

VCC-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (11) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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equivalent schematic (each channel) 

IN+----------+--------, 

R4 
551dl 

OFFSETN2} 
OFFSET N1 See Note A 

R2 
1.11dl 

R5 
601dl 

NOTES: A. OFFSET N1 AND OFFSET N2 are only availiable on the TLE2061x devices. 
B. Component values are nominal. 

VCC+ 

VCC-

ACTUAL DEVICE COMPONENT COUNT 

COMPONENT TLE2061 TLE2062 

Transistors 43 42 

Resistors 9 9 

Diodes 1 2 

Capacitors 3 3 
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TLE206x, TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
~POWER OPERATIONAL AMPLIFIERS 

SLOSI93- FEBRUARY 1997 

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

Supply voltage, Vcc+ (see Note 1) .......................................................... 19 V 
Supply voltage, Vcc- .................................................................... -19 V 
Differential input voltage, VID (see Note 2) .................................................. ±38 V 
Input voltage range, VI (any input) .......................................................... ±VCC 
Input current, II (each input) .............................................................. ±1 mA 
Output current, 10 ...................................................................... ±80 mA 
Total current into VCC+ ................................................................... 80 mA 
Total current out of V CC _ ............................................................... -80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: C suffix ...................................... O°C to 70°C 

I suffix .................................... -40°C to 85°C 
M suffix ................................. -55°C to 125°C 

Storage temperature range ...................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0, 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 VCC+ and VCC-. 
2. Differential voHages are at IN+ with respect to IN-. 
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:S;25°C DERATING FACTOR TA = 70"C TA = 85°C TA=125°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING POWER RATING 

D--B 725mW 5.BmW/oC 464mW 3nmW 145mW 

D-14 950mW 7.6mW/oC 608mW 494mW 190mW 

DB 525mW 4.2mW/OC 336mW 

FK 1375mW 11.0mW/oC 880mW 715mW 275mW 

J 1375mW 11.0mWfOC 880mW 715mW 275mW 

JG 1050mW 8.4mW/oC 672mW 546mW 210mW 

N 1150mW 9.2mWfOC 736mW 598mW 230mW 

P 1000mW 8.0mW/oC 640mW 520mW 200mW 

PW 525mW 4.2mWfOC 336mW 

recommended operating conditions 

CSUFFIX I SUFFIX MSUFFIX 

Supply voltage, VCC± 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

6-100 

MIN 

±3.5 

I VCC±=±5 V -1.6 

IVCC±=±15V 

~TEXAS 
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-11 

0 
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MAX 

±18 

4 

13 

70 

MIN MAX MIN MAX 

±3.5 ±18 ±3.5 ±18 

-1.6 4 -1.6 4 

-11 13 -11 13 

-40 85 -55 125 

UNIT 

V 

V 

°C 
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TLE2061C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 

TLE2061C 

TAt 
TLE2061AC 

PARAMETER TEST CONDITIONS TLE2061BC UNIT 

MIN TYP MAX 

25°C 0.8 3.1 
TLE2061C 

Full range 4 

25°C 0.6 2.6 
VIO Input offset voltage TLE2061AC mV 

Full range 3.5 

TLE2061BC 
25°C 0.5 1.9 

Full range 2.4 

Temperature coefficient of Input offset voltage 
V'C=O. RS=500 

Full range 6 Ilvrc aVIO 

Input offset voltage long-term drift (see Note 4) 25°C 0.04 IlV/mo 

25°C 1 pA 
',0 Input offset current 

Full range 0.8 nA 

25°C 3 pA 
liB Input bias current 

Full range 2 nA 

-1.6 -2 
25°C to to V 

4 6 
V,CR Common-mode input voltage range 

-1.6 
Full range to V 

4 

25°C 3.5 3.7 
RL=10kO 

Full range 3.3 
VOM+ Maximum positive peak output voltage swing V 

25°C 2.5 3.1 
RL=1000 

Full range 2 

25°C -3.7 -3.9 
RL=10kO 

Full range -3.3 
VOM- Maximum negative peak output voltage swing V 

25°C -2.5 -2.7 
RL=1000 

Full range -2 

25°C 15 80 
VO=±2.8V. RL=10kO 

Full range 2 

25°C 0.75 45 
AVO Large-signal differential voltage amplification VO= Oto2V. RL=100n V/mV 

Full range 0.5 

25°C 0.5 3 
VO=Oto-2V. RL=1000 

Full range 0.25 

ri Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 280 0 

25°C 65 82 
CMRR Common-mode rejection ratio V'C = V'CRmin. RS = 50 0 dB 

Full range 65 

VCC± = ±5 V to ±15 V. 25°C 75 93 
ksVR Supply-voltage rejection ratio (AVCC±/'W,O) dB 

RS=500 Full range 75 

t Full range is O°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 A = 150°C extrapolated 

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2061C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) (continued) . 

TLE2061C 

TAt 
TLE2061AC 

PARAMETER TEST CONDITIONS TLE2061BC 

MIN TYP 

25°C 280 
ICC Supply current 

VO=O, No load Full range 

AICC Supply-current change over operating temperature range Full range 29 

t Full range IS O°C to 70°C. 

TLE2061C operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL=10kn, CL= 100pF 

1=10Hz, RS=200 
Vn Equivalent input noise voltage (see Figure 2) 

1=1 kHz, RS=200 

VN(PP) Peak-to-peak equivalent input noise voltage 1 = 0.1 Hz to 10 Hz 

In Equivalent input noise current 1=1 kHz 

THO Total harmonic distortion AVO =2, f=10kHz, 
VO(pp)=2V, RL= 10kO 

RL=10kO, CL= 100 pF 
B1 Unity-gain bandwidth (see Figure 3) 

RL=1000, CL=100 pF 

Is Setllingtime 
0.1% 

0.01% 

BOM Maximum output-swing bandwidth AVO=1, RL= 10 kO 

I\>m Phase margin at unity gain (see Figure 3) 
RL=10kO, CL=100 pF 

RL=1000, CL=100 pF 

t Full range IS O°C to 70°C. 
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TLE2061C 
TLE2061AC 

TAt TLE2061BC 

MIN TYP 

25°C 2.2 3.4 

Full range 2.1 

59 
25°C 

43 

25°C 1.1 

25°C 1 

25°C 0.025% 

1.8 
25°C 

1.3 

5 
25°C 

10 

25°C 140 

58° 
25°C 

75° 

UNIT 

MAX 

325 

350 
IIA 

IIA 

UNIT 

MAX 

V/jIB 

100 
nVHHz 

60 

I1V 

IAI-JHz 

MHz 

JIB 

kHz 
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TLE2061C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

TLE2061C 

TAt 
TLE2061AC 

PARAMETER TEST CONomONS TLE2061BC UNIT 

MIN TYP MAX 

TLE2061C 
25°C 0.6 3 

Full range 3.9 

25°C 0.5 1.5 
VIO Input offset voltage TLE2061AC mV 

Full range 2.5 

25°C 0.3 0.5 
TLE2061BC 

Full range 1 

Temperature coefficient of input offset voltage 
VIC=O, RS=50kn 

Full range 6 IlV/oC aVIO 

Input offset voltage long-term drift (see Note 4) 25°C 0.04 IlV/mo 

25°C 2 pA 
110 Input offset current 

Full range 1 nA 

25°C 4 pA 
liB Input bias current 

Full range 3 nA 

-11 -12 
25°C to to V 

13 16 
VICR Common-mode input voltage range 

-11 
Full range to V 

13 

25°C 13.2 13.7 
RL=10kn 

Full range 13 
VOM+ Maximum positive peak output voltage swing V 

25°C 12.5 13.2 
RL=6000 

Full range 12 

25°C -13.2 -13.7 
RL= 10kn 

Full range -13 
VOM- Maximum negative peak output voltage swing V 

25°C -12.5 -13 
RL=6000 

Full range -12 

25°C 30 230 
VO=±10V, RL=10kn 

Full range 20 

25°C 25 100 
AVO Large-signal differential voltage amplification VO= OtoaV, RL= 600 0 V/mV 

Full range 10 

25°C 3 25 
VO=Oto-av, RL= 600 0 

Full range 1 

~ Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 280 0 

25°C 72 90 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 dB 

Full range 70 

VCC±" ±5 V to ±15 V, 25°C 75 93 
kSVR Supply-voltage rejection ratio (.!I.VCC±/.!I.VIO) dB 

RS,,500 Full range 75 

t Full range is O°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 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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TLE2061C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -

TLE2061C 

TAt 
TLE2061AC 

PARAMETER TEST CONDITIONS TLE2061BC 

MIN TYP 

25°C 290 
ICC Supply current 

VO=O, No load Full range 

AICC Supply-current change over operating temperature range Full range 34 

t Full range is O°C to 70°C. 

TLE2061C operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL=10kO, CL=100pF 

Equivalent input noise voltage (see Figure 2) 
f=10Hz, RS=20a 

Vn 
f= 1 kHz, RS=20a 

VN(PP) Peak-to-peak equivalent input noise voltage f = 0.1 Hz to 10 Hz 

In Equivalent input noise current f= 1 kHz 

THO Total harmonic distortion AVO =2, f= 10 kHz, 
VO(pp)=2V, RL=10ka 

RL=10ka, CL=100 pF 
81 Unity-gain bandwidth (see Figure 3) 

RL = SOO a. CL=100 pF 

ts Settling time 
0.1% 

0.01% 

BOM Maximum output-swing bandwidth AVO=l, RL=10ka 

<l>m 
RL= 10 kO, CL=100 pF 

Phase margin at unity gain (see Figure 3) 
RL=SOOa, CL=100 pF 

t Full range is O°C to 70°C. 
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TLE2061C 

TAt 
TLE2061AC 
TLE2061BC 

MIN TYP 

25°C 2.S 3.4 

Full range 2.5 

70 
25°C 

40 

25°C 1.1 

25°C 1.1 

25°C 0.025% 

2 
25°C 

1.5 

5 
25°C 

10 

25°C 40 

60° 
25°C 

70° 

UNIT 

MAX 

350 

375 
jIA 

jIA 

UNIT 

MAX 

V/Jl1!l 

100 

SO 
nV/Kz 

I1V 

fAlKz 

MHz 

118 

kHz 
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TLE2061I electrical characteristics at specified free-air temperature, V cc± = ±5 V (unless otherwise 
noted) 

TLE2061 I , TLE2061AI 

PARAMETER TEST CONDITIONS TAt TLE2061BI UNIT 

MIN TYP MAX 

25°C 
TLE2061I 

0,8 3.1 

Full range 4.4 

25°C 0.6 2.6 
VIO Input offset voltage TLE2061AI mV 

Full range 3.9 

25°C 0.5 1.9 
TLE2061BI 

VIC=O, Full range 2.7 

aVIO Temperature coefficient of inpu1 offset voltage RS=500 Full range 6 flV/oC 

Input offset voltage long-term drift (see Note 4) 25°C 0.04 flV/mo 

25°C 1 pA 
110 Input offset current 

Full range 2 nA 

25°C 3 pA 
liB Input bias current 

Full range 4 nA 

25°C -1.6t04 -2t06 V 
V,CR Common-mode input voltage range 

Full range -1.6t04 V 

25°C 3.5 3.7 
RL= 10kn 

Full range 3.1 
VOM+ Maximum positive peak output voltage swing V 

25°C 2.5 3.1 
RL= 1000 

Full range 2 

25°C -3.7 -3.9 
RL=10kn 

Full range -3.1 
VOM- Maximum negative peak output voltage swing V 

25°C -2.5 -2.7 
RL=1000 

Full range -2 

VO=±2.8V, 25°C 15 80 
RL=10kn Full range 2 

VO= Ot02V, 25°C 0.75 45 
AVO Large-signal differential voltage amplification V/mV 

RL=1000 Full range 0.5 

VO=Oto-2V, 25°C 0.5 3 
RL=1000 Full range 0.25 

q Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 280 0 

V'C = V,CRmin, 25°C 65 82 
CMRR Common-mode rejection ratio dB 

RS=500 Full range 65 

VCC±=±5Vto±15V, 25°C 75 93 
kSVR Supply-voltage rejection ratio (AVCC±/AVIO) 

RS=500 
dB 

Full range 65 

25°C 280 325 
ICC Supply current 

VO=O, Full range 350 
JlA 

Supply-current change over operating No load 
AICC temperature range Full range 29 JlA 

t 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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TLE2061I operating characteristics at specified free-air temperature, V cc± = ±5 V 

PARAMETER TEst CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL= 101<0, CL=l00pF 

1= 10 Hz, R$=20n 
Vn Equivalent input noise voltage (see Figure 2) 

1=1 kHz, RS=20n 

VN(PP) Peak-to-peak equivalent Input noise voltage 1=0.1 Hz to 10 Hz 

In Equivalent input noise current 1=1 kHz 

THO Total harmonic distortion AvO=2, f=10kHz, 
VO(pp)=2V, RL=10kO 

RL=10kn, CL=100 pF 
Bl Unity-gain bandwidth (see Figure 3) 

RL=l00n, CL= 100 pF 

ts Settling time 
0.1% 

0.01% 

BOM Maximumoutput-swing bandwidth AVO=l, RL= 10kO 

cjlm 
RL=10kO, CL= 100 pF 

Phase margin at unity gain (see Figure 3) 
RL=l00n, CL=100 pF 

t Full range IS -40°C to 85°C. 
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TLE20611 

TAt 
TLE2061AI 
TLE2061BI 

MIN TYP 

25°C 2.2 3.4 

Full range 1.7 

25°C 
59 

43 

25°C 1.1 

25°C 1 

25°C 0.025% 

25°C 
1.8 

1.3 

5 
25°C 

10 

25°C 140 

25°C 
58° 

75° 

UNIT 

MAX 

V/flS 

100 
nVNHz 

60 

IlV 

IANHz 

MHz 

flS 

kHi 
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TLE2061I electrical characteristics at specified free-air temperature, Vee± = ±15 V (unless 
otherwise noted) 

TLE20611, TLE2061AI 
PARAMETER TEST CONDITIONS TAt TLE2061BI UNIT 

MIN TYP MAX 

25°C 0.6 3 
TLE2061I 

Full range 4.3 

25°C 0.5 1.5 
VIO Input offset voltage TLE2061AI mV 

Full range 2.9 

25°C 0.3 0.5 
TLE2061BI 

Full range 1.3 

aVIO 
Temperature coefficient of input offset 
voHage 

VIC = 0, 
RS=50Q Full range 6 flV/oC 

Input offset voltage long-term drift 
(see Note 4) 25°C 0.04 flV/mO 

25°C 2 pA 
110 Input offset current 

Full range 3 nA 

25°C 4 pA 
liB Input bias current 

Full range 5 nA 

25°C -11 to 13 -121016 V 
VICR Common-mode input voltage range 

Full range -11 to13 V 

25°C 13.2 13.7 
RL= 10kO 

Full range 13 
VOM+ Maximum positive peak output voltage swing V 

25°C 12.5 13.2 
RL=600Q 

Full range 12 

25°C -13.2 -13.7 
RL=10kO 

Full range -13 
VOM-

MB:Ximum negative peak output voltage V sWing 25°C -12.5 -13 
RL=600Q 

Full range -12 

VO=±10V, 25°C 30 230 
RL= 10 kO Full range 20 

VO= Ot08V, 25°C 25 100 
AVO Large-signal differential voltage amplification V/mV 

RL=600Q Full range 10 

VO=Oto-8V, 25°C 3 25 
RL=600Q Full range 01 

I] Input resistance 25°C 1012 Q 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 280 Q 

VIC = Vltrmin, 25°C 72 90 
CMRR Common-mode rejection ratio dB 

RS=50 Full range 65 

VCC±=±5Vto±15V, 25°C 75 93 
ksVR Supply-voltage rejection ratio (dVCC±/,WIO) dB 

RS=50Q Full range 65 

25°C 290 350 
ICC Supply current 

Full range 375 
IlA 

VO=O, 

Supply-current change over operating No load 
dlCC temperature range Full range 34 IlA 

t 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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TLE2061I operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL=10kO, OL= 100 pF 

f= 10Hz, RS=20n 
Vn Equivalent input noise voltage (see Figure 2) 

f= 1 kHz, RS=20n 

VN(PP) Peak-to-peak equivalent input noise voltage f= 0.1 Hz to 10 Hz 

In Equivalent Input noise current f= 1 kHz 

THO Total harmonic distortion AVO =2, f= 10kHz, 
VO(pp)=2V, RL=10kn 

RL=10kn, OL=100 pF 
B1 Unity-gain bandwidth (see Figure 3) 

RL=600 n, 0L=100 pF 

ts Settling time 
0.1% 

0.01% 

BOM Maximum output-swing bandwidth AVO=1, RL= 10kn 

RL= 10 kn, CL= 100 pF 
<Pm Phase margin at unity gain (see Figure 3) 

RL=600n, OL= 100 pF 

° ° t Full range IS -40 0 to 85 O. 
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TLE20611 

TAt 
TLE2061AI 
TLE2061BI 

MIN TYP 

25°0 2.6 3.4 

Full range 2.1 

70 
25°0 

40 

25°C 1.1 

25°0 1.1 

25°0 0.025% 

2 
25°0 

1.5 

25°0 
5 

10 

25°0 40 

60° 
25°C 

70° 

UNIT 

MAX 

VIlIS 

100 
nV/-./Hz 

60 

IIV 

fAl-./Hz 

MHz 

lIS 

kHz 



TLE206x, TLE206xA,TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

J,lPOWER OPERATIONAL AMPLIFIERS 
SLOS193- FEBRUARY 1997 

TLE2061M electrical characteristics at specified free-air temperature, Vcc+ = ±5 V (unless 
otherwise noted) -

TLE2061M 

TAt 
TLE2061AM 

PARAMETER TEST CONDITIONS TLE2061BM UNIT 

MIN TYP MAX 

25"C O.B 3.1 
TLE2061M 

Full range 6 

25"C 0.6 2.6 
VIO Input offset voltage TLE2061AM mV 

Full range 4.6 

25"C 0.5 1.9 
TLE2061BM 

Full range 3.1 

Temperature coefficient of input offset voltage 
V'C=O, RS=500 

Full range 6 /lV/"C aVIO 

Input offset voltage long-term drift (see Note 4) 25"C 0.04 /lV/mo 

25"C 1 pA ',0 Input offset current 
Full range 15 nA 

25"C 3 pA 
liB Input bias current 

Full range 30 nA 

-1.6 -2 
25"C to to V 

4 6 
V,CR Common-mode input voltage range 

-1.6 
Full range to V 

4 

25"C 3.5 3.7 
RL= 101<0 

Full range 3 

25"C 2.5 3.6 
VOM+ Maximum positive peak output voltage swing RL=6000 V 

Full range 2 

25"C 2.5 3.1 
RL= 1000 

Full range 2 

25"C -3.5 -3.9 
RL=101<0 

Full range -3 

Maximum negative peak FKandJG 25"C -2.5 -3.5 
VOM- RL=6000 V 

output voltage swing packages Full range -2 

OandP 25"C -2.5 -2.7 

packages RL= 1000 
Full range -2 

25"C 15 80 
VO=±2.8V, RL=101<0 

Full range 2 

25"C 1 65 

FKandJG 
Vo = Oto 2.5 V, RL =6000 

Full range 0.5 

Large-signal differential packages 25"C 1 16 
AVO voltage amplification Vo = 0 to -2.5 V,RL = 600 a V/mV 

Full range 0.5 

25"C 0.75 45 

OandP 
Vo =Oto 2V, RL=1OO0 

Full range 0.5 
packages 25"C 0.5 3 

VO=Oto-2V, RL=1oo0 
Full range 0.25 

t Full range is -55"C to 125"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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TLE206x, TLE206xA,TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
J.lPOWER OPERATIONAL AMPLIFIERS 

SLOS193- FEBRUARY 1997 

TLE2061M electrical characteristics at specified free-air temperature, VCC+ = ±5 V (unless 
otherwise noted) (continued) -

TLE2061M 

TAt 
TLE2061AM 

PARAMETER TEST CONDITIONS TLE2061BM UNIT 

MIN TYP MAX 

I'j Input resistance 25°C 1012 Q 

ci Input capacHance 25°C 4 pF 

zo Open-loop output impedance 10=0 25°C 280 Q 

VIC = VICRmin. 25°C 65 82 
CMRR Common-mode rejection ratio dB 

RS=50Q Full range 60 

VCC± = ±5 V to ±15 V. 25°C 75 93 
kSVR Supply-voltage rejection ratio (.<l.Vcc±ltNIO) dB 

RS=50Q Full range 65 

25°C 280 325 
ICC Supply current 

Full range 350 
IIA 

VO=O. No load 

.<l.ICC 
Supply-current change over operating 

Full range 39 IIA temperature range 

t Full range IS -55°C to 125°C. 

TLE2061 M operating characteristics at specified free-air temperature, V cc+ = ±5 V, T A = 25°C -
TLE2061M 

TLE2061AM 
PARAMETER TEST CONDITIONS TLE2061BM UNIT 

MIN TYP MAX 

SR Slew rate at unity gain (see Figure 1) RL=10kO, CL=100pF 3.4 VIlIS 

1= 10Hz. RS=20Q 59 
nVl-JHz Vn Equivalent input noise voltage (see Figure 2) 

1= 1 kHz. RS=20Q 43 

VN(PP) Peak-to-peak equivalent input noise voltage 1=0.1 Hz to 10Hz 1.1 jlV 

In Equivalent input noise current 1 = 1 kHz 1 IAI-JHz 

THO Total harmonic distortion AVO =2. 1 = 10 kHz. 
0.025% 

VO(pp)=2V. RL=10kQ 

RL=10kO, CL= 100 pF 1.8 
B1 Unity-gain bandwidth (see Figure 3) MHz 

RL = 600 0. CL= 100 pF 1.3 

0.1% 5 
ts Settling time 

0.01% 10 
lIS 

BOM Maximum output-swing bandwidth AVO=l. RL=10kO 140 kHz 

RL=10kO, CL=100 pF 58° 
C!>m Phase margin at unity gain (see Figure 3) 

RL= 6000. CL=100 pF 75° 
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TLE206x,TLE206xA, TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

/lPOWER OPERATIONAL AMPLIFIERS 
SLOSI93- FEBRUARY 1997 

TLE2061M electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless 
otherwise noted) 

TLE2061M ,TLE2061AM 
PARAMETER TEST CONDITIONS TAt TLE2061BM UNIT 

MIN TYP MAX 

25°C 0.6 3 
TLE2061M 

Full range 6 

25°C 0.5 1.5 
V,O Input offset voltage TLE2061AM mV 

Full range 3.6 

25°C 0.3 0.5 
TLE2061BM 

Full range 1.7 

aVIO 
Temperature coefficient of input offset 
voltage 

V'C = 0, 
RS=50Q Full range 6 !lV/oC 

Input offset voltage long-term drift 
(see Note 4) 25°C 0.04 /lV/mo 

25°C 2 pA ',0 Input offset current 
Full range 20 nA 

25°C 4 pA 
lIB Input bias current 

Full range 40 nA 

25°C -11 to13 -12 to 16 V 
V,CR Common-mode input voltage range 

Full range -11 to 13 V 

25°C 13 13.7 
RL=10kQ 

Full range 12.5 
VOM+ 

M~ximum positive peak output voltage V sWing 25°C 12.5 13.2 
RL=600Q 

Full range 12 

25°C -13 -13.7 
RL=10kQ 

Full range -12.5 
VOM-

Maximum negative peak output voltage V swing, 25°C -12.5 -13 
RL=6ooQ 

Full range -12 

VO=±10V, 25°C 30 230 
RL=10kQ Full range 20 

Large-signal differential voltage VO= Oto 8 V, 25°C 25 100 
AVO V/mV amplification RL=600Q Full range 7 

VO= Oto-8V, 25°C 3 25 
RL=6ooQ Full range 1 

ri Input resistance 25°C 1012 Q 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 280 Q 

V'C = VI~min, 25°C 72 90 
CMRR Common-mode rejection ratio dB 

RS=50 Full range 65 

Supply-voltage rejection ratio VCC±=±5Vto±15V, 25°C 75 93 
kSVR dB 

(t\VCC±/t\V,O) RS=50Q Full range 65 

t Full range IS -55°C to 125°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 = 250C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE206x,TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
J,LPOWER OPERATIONAL AMPLIFIERS 

SLOS193- FEBRUARY 1997 

TLE2061M electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless 
otherwise noted) (continue) 

TLE2061M ,TLE2061AM 
PARAMETER TEST CONomONS TAt TLE2061BM 

MIN TYP 

25°C 290 
ICC Supply current 

Full range 
Vo=O, No load 

AICC 
Supply-current change over operating 

Full range 46 temperature range 

t Full range is -55°C to 125°C. 

TLE2061M operating characteristics at specified free-air temperature, Vcc± = ±15 V 

PARAMETER TEST CONomONS • 

SR Slew rate at unity gain (see Figure 1) RL=10kQ, CL=100pF 

f=10Hz, RS=200 
Vn Equivalent input noise voltage (see Figure 2) 

f=1 kHz, RS=200 

VN(PP) Peak-to-peak equivalent input noise voltage f= 0.1 Hz to 10 Hz 

In Equivalent input noise current f= 1 kHz 

THO Total harmonic distortion 
AVO =2, f=10kHz, 
VO(pp)=2V, RL= 10kO 

RL = 10 kO, CL= 100 pF 
B1 Unity-gain bandwidth (see Figure 3) 

RL = 600 Q, CL= 100 pF 

ts Settling time 
0.1% 

0.01% 

BOM Maximum output-swing bandwidth AVO=1, RL = 10 kO 

RL=10kQ, CL= 100 pF 
Iilm Phase margin at unity gain (see Figure 3) 

RL = 600 Q, CL= 100 pF 

t Full range is -55°C to 125°C. 
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TLE2061M 

TAt 
TLE2061AM 
TLE2061BM 

MIN TYP 

25°C 2 3.4 

Full range 1.8 

25°C 70 

25°C 40 

25°C 1.1 

25°C 1.1 

25°C 0.025% 

25°C 2 

25°C 1.5 

25°C 5 

25°C 10 

25°C 40 

25°C 60° 

25°C 70° 

MAX 

350 

375 

MAX 

UNIT 

IlA 

IlA 

UNIT 

V/JlS 

nVNHz 

j.lV 

fA/-JFiZ 

MHz 

JlS 

kHz 



TLE206x, TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

f.lPOWER OPERATIONAL AMPLIFIERS 
SLOS193- i'EBRUARY 1997 

TLE2061Y electrical characteristics at Vcc± = ±15 V, TA = 25°C (unless otherwise noted) 

TLE2061Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

VIO Input offset voltage 0.6 3 mV 

aVIO Input offset voltage long-term drift (see Note 4) 0.04 IlVimo 

110 Input offset current 
VIC = 0, RS=50n 

2 pA 

liB Input bias current 4 pA 

-11 -12 
VICR Common-mode input voltage range to to V 

13 16 

RL=101<0 13.2 13.7 
VOM+ Maximum positive peak output voltage swing V 

RL=600n 12.5 13.2 

RL= 101<0 -13.2 -13.7 
VOM- Maximum negative peak output voltage swing V 

RL=600n -12.5 -13 

VO=±10V, RL=101<0 30 230 

AVO Large-signal differential voltage amplification Vo =Ot08V, RL=600n 25 100 VlmV 

Vo = Oto-8 V, RL=600n 3 25 

~ Input resistance 1012 n 

ci Input capacitance 4 pF 

Zo Open-loop output impedance 10=0 280 n 

CMRR Common-mode rejection ratio RS=50n, VIC = VICRmin 72 90 dB 

kSVR Supply-voltage rejection ratio (aVCC/aVIO) 
VCC±=±5Vto±15V, 

75 93 dB RS=50n 

ICC Supply current VO=O, No load 290 350 I1A 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours 01 operating lile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 01 0.96 eV. 

TLE2061Y operating characteristics at VCC± = ±15 V, TA = 25°C 

SR 

Vn 

VN(PPI 

In 

THO 

Bl 

ts 

BOM 

</lm 

PARAMETER TEST CONDITIONS 

Slew rate at unity gain (see Figure 1) RL = 10 kCl, CL=100pF 

1=10Hz, RS=20n 
Equivalent input noise voltage (see Figure 2) 

1=1 kHz, RS=20n 

Peak-to-peak equivalent input noise voltage 

Equivalent input noise currenl 

Total harmonic distortion 

Unity-gain bandwidth (see Figure 3) 

Settling time 

Maximum output-swing bandwidth 

Phase margin at unity gain (see Figure 3) 

1=0.1 Hz to 10Hz 

1= 1 Hz 

AVO =2, 
VO(pp)=2V, 

RL = 10 kCl, 

RL= 6000. 

0.1% 

0.01% 

AVD=l, 

RL= 10 1<0, 

RL = 600 0. 
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TLE2061Y 
UNIT 

MIN TYP MAX 

2.6 3.4 VljJ.S 

70 

40 
nVlVHz 

1.1 IlV 

1.1 IAlVHz 

0.025% 

2 
MHz 

1.5 

5 

10 
jJ.S 

40 kHz 

60° 

70° 
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TLE206x, TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
J!POWEROPERATIONAL AMPLIFIERS 

SLOSl93- FEBRUARY 1997 

TLE2062C electrical characteristics at specified free-air temperature, Vcc± = ±5 V (unless 
otherwise noted) 

TLE2062C 

TAt 
TLE2062AC 

PARAMETER TEST CONDITIONS TLE2062BC UNIT 

MIN TYP MAX 

25°C 1 5 
TLE2062C 

Full range 5.9 

25°C 0.9 4 
VIO Input offset voltage TLE2062AC mV 

Full range 4.9 

25°C 0.7 3 
TLE2062BC 

Full range 3.9 

Temperature coefficient of input offset voltage 
VIC=O, RS=500 

Full range 6 /lV/oC aVIO 

Input offset voltage long-term drift (see Note 4) 25°C 0.04 /lV/mo 

25°C 1 pA 
110 Input offset current 

Full range 0.8 nA 

25°C 3 pA 
liB Input bias current 

Full range 2 nA 

-1.6 -2 
25°C to to V 

VICR Common-mode input voltage range 
4 6 

-1.6 
Full range to 

4 
V 

25°C 3.5 3.7 
RL= 10kO 

Full range 3.3 
VOM+ Maximum positive peak output voltage swing V 

25°C 2.5 3.1 
RL=1000 

Full range 2 

25°C -3.7 -3.9 
RL=10kO 

Full range -3.3 
VOM- Maximum negative peak output vo~age swing V 

25°C -2.5 -2.7 
RL=1000 

Full range -2 

25°C 15 80 
VO=±2.8V, RL= 10kO 

Full range 2 

25°C 0.75 45 
AVO Large-signal differential vo~ge ampmication VO=Ot02 V, RL=1000 V/mV 

Full range 0.5 

25°C 0.5 3 
VO=Oto-2V, RL= 1000 

Full range 0.25 

I"j Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 560 0 

25°C 65 82 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 dB 

Full range 65 

VCC±=±5Vto±15V, 25°C 75 93 
ksVR Supply-vo~ge rejection ratio (!J.VCC±/INIO) dB 

RS=500 Full range 75 

t Full range IS O°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 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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TLE206x, TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

~POWER OPERATIONAL AMPLIFIERS 
SLOS193- FEBRUARY 1997 

TLE2062C electrical characteristics at specified free-air temperature, VCC+ = ±5 V (unless 
otherwise noted) (continued) -

TLE2062C 

TAt 
TLE2062AC 

PARAMETER TEST CONDITIONS TLE2062BC 

MIN TYP 

25°C 560 
ICC Supply current 

Full range 
Vo=O, No load 

alCC 
Supply-current change over operating 

Full range 26 temperature range 

t Full range is O°C to 70°C. 

TLE2062C operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL = 10 kO, CL=100pF 

1= 10Hz, RS=2On 
Vn Equivalent input noise voltage (see Figure 2) 

1= 1 kHz, RS=20n 

VN(PPI Peak-to-peak equivalent input noise voltage 1=0.1 Hz to 10 Hz 

In Equivalent input noise current 1= 1 kHz 

THO Total harmonic distortion VO(PP) =2V, RL=10kO, 
AVO =2, 1=10kHz 

RL=10kO, CL= 100pF 
Bl Unity-gain bandwidth (see Figure 3) 

RL=l00n. CL=100pF 

0.1% 
Settling time 

0.01% 

BaM Maximum output-swing bandwidth AVO = 1, RL=10kO 

RL=10kO, CL=l00pF 
<Pm Phase margin at unity gain (see Figure 3) 

RL= lOOn, CL=l00pF 

t Full range is O°C to 70°C. 
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TLE2062C 

TAt 
TLE2062AC 
TLE2062BC 

MIN TYP 

25°C 2.2 3.4 

Full range 2.1 

2SoC 59 

25°C 43 

25°C 1.1 

25°C 1 

25°C 0.025% 

25°C 1.8 

25°C 1.3 

25°C 5 

25°C 10 

25°C 140 

25°C 58° 

25°C 75° 

UNIT 

MAX 

620 

635 
!1A 

!1A 

UNIT 

MAX 

V/11S 

100 

60 
nV/1HZ 

IlV 

lA/1HZ 

MHz 

I1S 

kHz 
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TLE206x,TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET~INPUT HIGH-OUTPUT-DRIVE 
IlPOWER OPERATIONAL AMPLIFIERS 

SLOS193 - FEBRUARY 1997 

TLE2062C electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

TLE2062C 

PARAMETER TEST CONDITIONS TAt 
TLE2062AC 
TLE2062BC UNIT 

MIN TYP MAX 

25°C 0.9 4 
TLE2062C 

Full range 4.9 

25°C O.B 2 
VIO Input offset voltage TLE2062AC mV 

Full range 2.9 

25°C 0.5 1 
TLE2062BC 

Full range 1.9 

Temperature coefficient of input offset voltage 
VIC=O, RS=500 

Full range 6 IN/oC aVIO 

Input offset voltage lohg-term drift (see Note 4) 25°C 0.04 !LV/mo 

25°C 2 pA 
110 Input offset current 

Full range 1 nA 

25°C 4 pA 
liB Input bias current 

Full range 3 nA 

-11 -12 
25°C to to V 

13 16 
VICR Common-mode input voltage range 

-11 
Full range to V 

13 

25°C 13.2 13.7 
RL= 10 kO 

Full range 13 
VOM+ Maximum positive peak output voltage swing V 

25°C 12.5 13.2 
RL=6000 

Full range 12 

25°C -13.2 -13.7 
RL=10kO 

Full range -13 
VOM- Maximum negative peak output voltage swing V 

25°C -12.5 -13 
RL=6000 

Full range -12 

25°C 30 230 
VO=±10V, RL= 10kO 

Full range 20 

25°C 25 100 
AVO Large-signal differential voltage amplification VO=OtoBV, RL=6000 V/mV 

Full range 10 

25°C 3 25 
VO=Oto-8 V, RL=6000 

Full range 1 

~ Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

Zo Openoloop output impedance 10=0 25°C 560 0 

25°C 72 90 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 dB 

Full range 70 

VCC±=±5Vto±15V, 25°C 75 93 
ksVR Supply-voltage rejection ratio (8VCC±/8VI0) 

RS=500 
dB 

Full range 75 

t Full range IS O°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 A = 150°C extrapolated 

to TA = 25°C using ,the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE206x, TLE206xA,TLE206xB,TLE206xV 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

IlPOWER OPERATIONAL AMPLIFIERS 
SLOS193 - FEBRUARY 1997 

TLE2062C electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) (continued) 

TLE2062C 

PARAMETER TEST CONDITIONS TAt 
TLE2062AC 
TLE2062BC 

MIN TYP 

25°C 625 
ICC Supply current 

Full range 
VO=OV, No load 

AICC 
Supply-current change over operating 

Full range 36 
temperature range 

t Full range IS O°C to 70°C. 

TLE2062C operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL=10kQ, CL=100pF 

f=10Hz, RS=20n 
Vn Equivalent input noise voltage (see Figure 2) 

f= 1 kHz, RS=20n 

VN(PP) Peak-to-peak equivalent input noise voltage f=0.1 Hz to 10Hz 

In Equivalent input noise current f= 1 kHz 

THO Total harmonic distortion VO(PP) =2V, RL=10kQ, 
AVD=2, f=10kHz 

RL=10kQ, CL=100pF 
B1 Unity-gain bandwidth (see Figure 3) 

RL= 600 n, CL=100pF 

Settling time 
0.1% 

0.01% 

BaM Maximum output-swing bandwidth AVO=1, RL=10kn 

RL=10kQ, CL=100pF 
cIIm Phase margin at unity gain (see Figure 3) 

RL=600n, CL=100pF 

t Full range IS O°C to 70°C. 
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TLE2062C 

TAt 
TLE2062AC 
TLE2062BC 

MIN TYP 

25°C 2.6 3.4 

Full range 2.5 

25°C 70 

25°C 40 

25°C 1.1 

25°C 1.1 

25°C 0.025% 

25°C 2 

25°C 1.5 

25°C 5 

25°C 10 

25°C 40 

25°C 60° 

25°C 70° 

UNIT 

MAX 

690 

715 
IJ.A 

IJ.A 

UNIT 

MAX 

V/IJ.S 

100 

60 
nV/'i'RZ 

I1V 

fAl'i'RZ 

MHz 

IJ.S 

kHz 
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TLE206x,TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH·OUTPUT·DRIVE 
~POWER OPERATIONAL AMPLIFIERS . 

SLOS193 - FEBRUARY 1997 

TLE20621 electrical characteristics at specified free-air temperature, V cc± = ±5 V (unless otherwise 
noted) 

TLE20621 

TAt 
TLE2062AI 

PARAMETER TEST CONDITIONS TLE2062BI UNIT 

MIN TYP MAX 

25°C 1 5 
TLE20621 

Full range 6.3 
( 

25°C 0.9 4 
VIO Input offset voltage TLE2062AI mV 

Full range 5.3 

25°C 0.7 3 
TLE2062BI 

Full range 4.3 

Temperature coefficient of input offset voltage 
VIC=O. RS=50n 

Full range 6 IlV/oC a.VIO 

Input offset voltage long-term drift (see Note 4) 25°C 0.04 IlV/mo 

25°C 1 pA 
110 Input offset current 

Full range 2 nA 

25°C 3 pA 
liB Input bias current 

Full range 4 nA 

-1.6 -2 
25°C to to V 

4 6 
VICR Common-mode input voltage range 

-1.6 
Full range to V 

4 

25°C 3.5 3.7 
RL= 10kn 

Full range 3.1 
VOM+ Maximum positive peak output voltage swing V 

25°C 2.5 3.1 
RL=100n 

Full range 2 

25°C -3.7 -3.9 
RL=10kn 

Full range -3.1 
VOM- Maximum negative peak output voltage swing V 

25°C -2.5 -2.7 
RL= loon 

Full range -2 

25°C 15 80 
VO=±2.8 V. RL=10kn 

Full range 2 
I 25°C 0.75 45 

AVD Large-signal differential voltage amplification VO=Ot02V. RL=100n V/mV 
Full range 0.5 

25°C 0.5 3 
VO=Oto-2V. RL=100n 

Full range 0.25 

ri Input resistance 25°C 1012 n 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 560 n 

25°C 65 82 
CMRR Common-mode rejection ratio VIC = VICRmin. RS=50n dB 

Full range 65 

VCC±=±5 Vto± 15V. 25°C 75 93 
kSVR Supply-voltage rejection ratio (aVCC±/,WIO) dB 

RS=50n Full range 65 

t 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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TLE206x, TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-ORIVE 

JlPOWER OPERATIONAL AMPLIFIERS 
SLOS193 - FEBRUARY 1997 

TLE20621 electrical characteristics at specified free-air temperature, V cc+ = ±S V (unless otherwise 
noted) (continued) -

TLE20621 

TAt 
TLE2062AI 

PARAMETER TEST CONDITIONS TLE2062BI 

MIN TYP 

25'C 560 
ICC Supply current 

Full range 
Vo=O, No load 

alcc 
Supply-current change over operating 

Full range 54 temperature range 

t Full range IS -40'C to 85'C. 

TLE20621 operating characteristics at specified free-air temperature, V cc ± = ±S V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL=10kQ, CL= 100pF 

1= 10 Hz, RS=200 
Vn Equivalent input noise voltage (see Figure 2) 

1 = 1 kHz, RS=200 

VN(PP) Peak-to-peak equivalent input noise voltage 1=0.1 Hztol0Hz 

In Equivalent input noise current f= 1 kHz 

THO Total harmonic distortion VO(pp)=2V, RL= 10kn, 
AVO =2, f= 10 kHz 

RL=10kn, CL= 100 pF 
Bl Unity-gain bandwidth (see Figure 3) 

RL= 1000, CL= 100pF 

Settling time 
0.1% 

0.01% 

BOM Maximum output-swing bandwidth AVO=l, RL=10kO 

RL= 10kn, CL= 100pF 
<11m Phase margin at unity gain (see Figure 3) 

RL= 1000, CL=100pF 

t Full range IS -40'C to 85'C. 
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TLE20621 

TAt 
TLE2062AI 
TLE2062BI 

MIN TYP 

25'C 2.2 3.4 

Full range 1.7 

25'C 59 

25'C 43 

25'C 1.1 

25'C 1 

25'C 0.025% 

25'C 1.8 

25'C 1.3 

25'C 5 

25'C 10 

25'C 140 

25'C 58' 

25'C 75' 

UNIT 

MAX 

620 

640 
!1A 

!1A 

UNIT 

MAX 

V/Jls 

100 

60 
nV/-YHz 

JlV 

fAl-YHz 

MHz 

JlS 

kHz 
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TLE206x, TLE206xA, TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
IlPOWER OPERATIONAL AMPLIFIERS 

SLOS193 - FEBRUARY 1997 

tLE20621 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

TLE20621 

TAt 
TLE2062A1 

PARAMETER TEST CONDITIONS TLE2062BI UNIT 

MIN TYP MAX 

25°C 0.9 4 
TLE20621 

Full range 5.3 

25°C 0.8 2 
VIO Input offset voltage TLE2062AI mV 

Full range 3.3 

25°C 0.5 1 
TLE2062BI 

Full range 2.3 

Temperature coefficient of input offset voltage 
VIC=O, RS=50n 

Full range 6 !lV/oC aVIO 
Input offset voltage long-term drift (see Note 4) 25°C 0.04 !lV/mo 

25°C 2 pA 
110 Input offset current 

Full range 3 nA 

25°C 4 pA 
liB Input bias current 

Full range 5 nA 

-11 -12 
25°C to to V 

13 16 
VICR Common-mode input voltage range 

-11 
Full range to V 

13 

25°C 13.2 13.7 
RL=10kn 

Full range 13 
VOM+ Maximum positive peak output voltage swing V 

25°C 12.5 13.2 
RL=600n 

Full range 12 

25°C -13.2 -13.7 
RL= 10kn 

Full range -13 
VOM- Maximum negative peak output voltage swing V 

25°C -12.5 -13 
RL=600n 

Full range -12 

25°C 30 230 
VO=±10V, RL=10kn 

Full range 20 

25°C 25 100 
AVO Large-signal differential voltage amplification VO=Ot08 V, RL=600n V/mV 

Full range 10 

25°C 3 25 
VO=Oto-8 V, RL=600n 

Full range 1 

ri Input resistance 25°C 1012 n 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 560 n 

25°C 72 90 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n dB 

Full range 65 

VCC±= ±5 Vto ± 15 V, 25°C 75 93 
kSVR Supply-voltage rejection ratio (AVCC±/AVIO) dB 

RS=50n Full range 65 

t 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 atT A = 150°C extrapolated 

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE206x, TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

IlPOWER OPERATIONAL AMPLIFIERS 
SLOSI93- FEBRUARY 1997 

TLE20621 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) (continued) 

TLE20621 

TAt 
TLE2062AI 

PARAMETER TEST CONDITIONS TLE2062BI 

MIN TYP 

25°C 625 
ICC Supply current 

Full range 
Vo=O, No load 

<lICC 
Supply-current change over operating 

Full range 74 temperature range 

t Full range IS -40°C to 85°C. 

TLE20621 operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL=10ka, CL=100pF 

1= 10Hz, RS=20a 
Vn Equivalent input noise voltage (see Figure 2) 

1=1 kHz, RS=20a 

VN(PP) Peak-to-peak equivalent input noise voltage 1=0.1 Hz to 10 Hz 

In Equivalent input noise current 1= 1 kHz 

THO Total harmonic distortion VO(PP) =2V, RL= 10ka, 
AVO =2, 1= 10 kHz 

RL=10ka, CL= 100pF 
B1 Unity-gain bandwidth (see Figure 3) 

RL = 600 a, CL= 100 pF 

Settling time 
0.1% 

0.01% 

BOM Maximum output-swing bandwidth AVO = 1, RL= 10ka 

RL= 10 ka, CL= 100 pF 
.m Phase margin at unity gain (see Figure 3) 

RL = 600 a, CL=100pF 

t Full range IS -40°C to 85°C. 
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TLE20621 

TAt 
TLE2062AI 
TLE2062BI 

MIN TYP 

25°C 2.6 3.4 

Full range 2.1 

25°C 70 

25°C 40 

25°C 1.1 

25°C 1.1 

25°C 0.025% 

25°C 2 

25°C 1.5 

25°C 5 

25°C 10 

25°C 40 

25°C 60° 

25°C 70° 

UNIT 

MAX 

690 

720 
!1A 

!1A 

UNIT 

MAX 

VIlIS 

100 
nV/VHz 

60 

IN 

IA/VHz 

MHz 

lIS 

kHz 

6-121 



TLE206x, TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 
'!lPOWER OPERATIONAL AMPLIFIERS 

SLOSl93 - FEBRUARY 1997 • 

TLE2062M electrical characteristics at specified free-air temperature, Vcc± = ±5 V 
TLE2062M 

TAt 
TLE2062AM 

PARAMETER TEST CONDITIONS TLE2062BM 

MIN TYP 

25DC \ 1 
TLE2062M 

Full range 

25DC 0.9 
VIO Input offset voltage TLE2062AM 

Full range 

25DC 0.7 
TLE2062BM 

Full range 

Temperature coefficient of input offset voltage 
VIC=O. RS=50n 

Full range 6 OtVIO 

Input offset voltage long-term drift (see Note 4) 25DC 0.04 

25DC 1 
110 Input offset current 

Full range 

25DC 3 
liB Input bias current 

Full range 

-1.6 -2 
25DC to to 

4 6 
VICR Common-mode input voltage range 

-1.6 
Full range to 

4 

25DC 3.5 3.7 
RL=10kn 

Full range 3 

Maximum positive peak output FKandJG 25DC 2.5 3.6 
VOM+ RL=600n 

voltage swing packages Full range 2 

OandP 25DC 2.5 3.1 
packages RL=100n 

Full range 2 

25DC -3.5 -3.9 
RL= 10kn 

Full range -3 

Maximum negative peak output FK and JG 25DC -2.5 -3.5 
VOM- RL=600n 

voltage swing packages Full range -2 

OandP 25DC -2.5 -2.7 
packages RL= loon 

Full range -2 

25DC 15 80 
VO=±2.8V. RL= 10kn 

Full range 2 

25DC 1 65 
Vo = 0 to 2.5 V. RL=600n 

Full range 0.5 FK and JG 

Large-signal differential voltage packages 25DC 1 16 
AVO Vo = 0 to-2.5 V. RI,=600n amplification Full range 0.5 

25DC 0.75 45 
VO=Ot02 V. RL=100n 

Full range 0.5 OandP 
packages 25DC 0.5 3 

VO=Oto-2V. RL=100n 
Full range 0.25 

t Full range IS -55DC to 125DC. 

UNIT 

MAX 

5 

7 

4 
mV 

6 

3 

5 

!lVPC 

!lV/mo 

pA 

15 nA 

pA 

30 nA 

V 

V 

V 

V 

VlmV 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at TA = 150 DC extrapolated 
to TA = 25 DC using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE206x, TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

~POWER OPERATIONAL AMPLIFIERS 
SLOS193 - FEBRUARY 1997 

TLE2062M electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 

TLE2062M 

TAt 
TLE2062AM 

PARAMETER TEST CONDITIONS TLE2062BM UNIT 

MIN TYP MAX 

~ Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

zo Open-loop output impedance 10=0 25°C 560 0 

VIC = VICRmin 25°C 65 82 
CMRR Common-mode rejection ratio RS=500. dB 

Full range 60 

VCC± = ±5 V to ±15 V, 25°C 75 93 
kSVR Supply-voltage rejection ratio (dVCC±/dVIO) RS=500 dB 

Full range 65 

25°C 560 620 
ICC Supply current (two amplifiers) 

Full range 650 
I1A 

VO=O, No load 

dlCC 
Supply-current change over operating 

Full range 72 I1A temperature range (two amplifiers) 

t Full range IS -55°C to 125°C. 

TLE2062M operating characteristics at specified free-air temperature, TA = 25°C, VCC± = ±5 V 

SR 

Vn 

VN(PP) 

In 

THO 

Bl 

BOM 

<ilm 

PARAMETER TEST CONDITIONS 

Slew rate at unity gain (see Figure 1) RL= 101<0, CL=100pF 

f= 10Hz, RS=200 
Equivalent input noise voltage (see Figure 2) 

f= 1 kHz, RS=200 

Peak-ta-peak equivalent input noise voltage 

Equivalent input noise current 

Total harmonic distortion 

Unity-gain bandwidth (see Figure 3) 

Settling time 

Maximum output-swing bandwidth 

Phase margin at unity gain (see Figure 3) 

f = 0.1 Hz to 10 Hz 

f= 1 kHz 

VO(pp)=2V, 
AVO =2, 

RL= 101<0, 

RL = 600 0. 

0.1% 

0.01% 

AVO=I, 

RL= 101<0, 

RL = 600 0. 
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TLE2062M 
TLE2062AM 
TLE2062BM UNIT 

MIN TYP MAX 
3.4 VIlIS 

59 
nVNHz 

43 

1.1 IlV 

1 fANHz 

0.025% 

1.8 
MHz 

1.3 

5 

10 
lIS 

140 kHz 

58° 

75° 
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TLE206x,TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
IlPOWER OPERATIONAL AMPLIFIERS 

SLOS193 - FEBRUARY 1997 

TLE2062M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

TLE2062M 

TAt 
TLE2062AM 

PARAMETER TEST CONDITIONS TLE2062BM UNIT 

MIN TYP MAX 

TLE2062M 
25°C 0.9 4 

Full range 6 

25°C 0.8 2 
VIO Input offset voltage TLE2062AM mV 

Full range 4 

25°C 
TLE2062BM 

0.5 1 

Full range 3 

Temperature coefficient of input offset voltage 
VIC=O, RS=500 

Full range 6 fJ.VI"C aVIO 

Input offset voltage long-term drift (see Note 4) 25°C 0.04 fJ.V/mo 

25°C 2 pA 
110 Input offset current 

Full range 20 nA 

25°C 4 pA 
liB Input bias current 

Full range 40 nA 

-11 -12 
25°C to to V 

13 16 
VICR Common-mode input voltage range 

-11 
Full range to V 

13 

25°C 13 13.7 
RL= 101<0 

Full range 12.5 
VOM+ Maximum pos~ive peak output voltage swing V 

25°C 12.5 13.2 
RL=6000 

Full range 11 

25°C -13 -13.7 
RL=101<0 

Full range -12.5 
VOM- Maximum negative peak output voltage swing V 

25°C -12.5 -13 
RL=6000 

Full range -11 

25°C 30 230 
VO=±10V, RL=101<0 

Full range 20 

25°C 25 100 
AVO Large-signal differential voltage amplification VO=Ot08V, RL=6000 V/mV 

Full range 7 

25°C 3 25 
VO=Oto-8V, RL=6000 

,Full range 1 

rl Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

'zo Open-loop output impedance 10=0 25°C 560 0 

25°C 72 90 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 dB 

Full range 65 

kSVR Supply-voltage rejection ratio (AVCC±/AVIO) 
VCC±=±5 Vto± 15 V, 25°C 75 93 

dB 
RS=500 Full range 65 

t Full range Is -55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voHage shift observed through 168 hours of operating life test at T A = 150°C extrapolated 

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE206x, TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

JlPOWER OPERATIONAL AMPLIFIERS 
SLOS193- FEBRUARY 1997 

TLE2062M electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

TLE2062M 

TAt 
TLE2062AM 

PARAMETER TEST CONDITIONS TLE2062BM 

MIN TYP 

25°C 625 
ICC Supply current 

Full range 
Vo=O, No load 

41CC 
Supply-current change over operating 

Full range 97 temperature range 

t Full range is -55°C to 125°C. 

TLE2062M operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figura 1) RL=10kn, CL=100pF 

1=10Hz, RS=20n 
Vn Equivalent input noise voltage (see Figure 2) 

1= 1 kHz, RS=20n 

VN(PP) Peak-ta-peak equivalent input noise voltage 1=0.1 Hz to 10Hz 

In Equivalent input noise current 1= 1 kHz 

THO Total harmonic distortion 
VO(pp)=2V, RL= 10 kn, 
Avo=2, f= 10kHz 

RL=10kn, CL= 100pF 
B1 Unity-gain bandwidth (see Figure 3) 

RL = 600 n, CL=100pF 

0.1% 
Settling time 

0.01% 

80M Maximum output-swing bandwidth AVO=1, RL=10kO 

RL=10kO, CL= 100pF 
oIlm Phase margin at unity gain (see Figure 3) 

RL = 600 n, CL=100pF 

t Full range Is -55°C to 125°C. 
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TLE2062M 

TAt 
TLE2062AM 
TLE2062BM 

MIN TYP 

25°C 2 3.4 

Full range 1.8 

25°C 70 

25°C 40 

25°C 1.1 

25°C 1.1 

25°C 0.025% 

25°C 2 

25°C 1.5 

25°C 5 

25°C 10 

25°C 40 

25°C 60° 

25°C 70° 

UNIT 

MAX 

690 

730 
ItA 

ItA 

UNIT 

MAX 

VlJJS 

nV/VHz 

I1V 

IAlVHz 

MHz 

JJS 

kHz 
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TLE206x,TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH~OUTPUT-DRIVE 
J..LPOWER OPERATIONAL AMPLIFIERS 

SLOS193 - FEBRUARY 1997 

TLE2062Yelectricai characteristics at VCC± = ±15 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDmONS 
TLE2062Y 

MIN TYP MAX 

VIO Input offset voltage 0.9 4 

aVIO Input offset voltage long-term drift (see Note 4) 0.04 

110 Inpu1 offset current 
VIC=O, RS=50n 

2 

liB Inpu1 bias current 4 

-11 -12 
VICR Common~mode input voltage range to to 

13 16 

RL=10kn 13.2 13.7 
VOM+ Maximum positive peak output voltage swing 

RL= 600 n 12.5 13.2 

RL=10kn -13.2 -13.7 
VOM- Maximum negative peak output voltage swing 

RL=600Q -12.5 -13 

VO=±10V, RL=10kn 30 230 

AVO Large-signal differential voltage amplification VO=Ot06V, RL=600n 25 100 

Vo = Oto-8 V, RL=600n 3 25 

ri Input resistance 1012 

ci Input capacitance 4 

Zo Open-loop output impedance 10=0 560 

CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n 72 90 

kSVR Supply-voltage rejection ratio (I!VCC/I!VIO) 
VCC±=±5Vto±15V, 75 93 
RS=50Q 

ICC Supply current VO=O, No load 625 690 

UNIT 

mV 

I1V/mo 

pA 

pA 

V 

V 

V 

V/mV 

Q 

pF 

Q 

dB 

dB 

!LA 
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 aV. 

TLE2062Y operating characteristics at VCC± = ±15 V, TA = 25°C 

SR 

Vn 

VN(PPI 

In 

THO 

Bl 

BOM 

<Pm 
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PARAMETER TEST CONDITIONS 

Slew rate at unity gain (see Figure 1) RL=10kn, 

f=10Hz, 
Equivalent input noise voHage (see Figure 2) 

f= 1 kHz, 

Peak-to-peak equivalent input noise voltage f=O.l Hz to 10 Hz 

Equivalent input noise current f=l Hz 

Total harmonic distortion 
VO(pp)=2V, 
AVO =2, 

RL= 10 kn, 
Unity-gain bandwidth (see Figure 3) 

RL=600 Q, 

Settling time 
0.1% 

0.01% 

Maximum outpu1-swing bandwidth AVO=l, 

RL=10kn, 
Phase margin at unity gain (see Figure 3) 

RL = 600 Q, 
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CL=100pF 

RS=20Q 

RS=20Q 

RL=10kn, 
f= 10kHz 

CL=100pF 

CL=100pF 

RL= 10kn 

CL= 100 pF 

CL= 100pF 

TLE2062Y 
MIN TYP MAX 

UNIT 

2.6 3.4 4 V/IJ.S 

70 
nVNHz 

40 

1.1 !LV 

1.1 fANHz 

0.025% 

2 
MHz 

1.5 

5 

10 
IJ.S 

40 kHz 

60° 

70° 



TLE206x, TLE206xA,TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-ORIVE 

/lPOWER OPERATIONAL AMPLIFIERS 
SLOSI93- FEBRUARY 1997 

TLE2064C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 

TLE2064C 

TAt 
TLE2064AC 

PARAMETER TEST CONDITIONS TLE2064BC UNIT 

MIN TYP MAX 

25°C 1.2 7 
TLE2064C 

Full range 7.9 

25°C 1.2 6 
VIO Input offset voltage TLE2064AC 

Full range 6.9 
mV 

25°C 0.8 3.5 
TLE2064BC 

Full range 4.4 

aVIO Temperature coefficient of input offset voltage 
VIC=O, RS=50Q 

25°C 6 jJ.V/"C 

Input offset voltage long-term drift (see Note 4) Full range 0.04 jJ.V/mo 

25°C 1 pA 
110 Input offset current 

Full range 0.8 nA 

25°C 3 pA 
liB Input bias current 

Full range 2 nA 

-1.6 -2 
25°C to to V 

4 6 
VICR Common-mode input voltage range 

-1.6 
Full range to V 

4 

25°C 3.5 3.7 
RL = 10 k(.! 

Full range 3.3 
VOM+ Maximum posHive peak output voltage swing V 

25°C 2.5 3.1 
RL=100Q 

Full range 2 

25°C -3.7 -3.9 
RL= 10k(.! 

Full range -3.3 
VOM- Maximum negative peak output voltage swing V 

25°C -2.5 -2.7 
RL= 100Q 

Full range -2 

25°C 15 80 
VO=t2.8V, RL = 10 k(.! 

Full range 2 

25°C 0.75 45 
AVO Large-signal differential voltage amplification VO= Ot02V, RL=l00Q 

Full range 
V/mV 

0.5 

25°C 0.5 3 
Vo =Oto-2V, RL=100Q 

Full range 0.15 

q Input resistance 25°C 1012 Q 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 560 Q 

25°C 65 82 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50Q 

Full range 
dB 

65 

VCCt=t5Vtot15V, 25°C 75 93 
ksVR Supply-voHage rejection ratio (6.VCCtl6.VIO) dB 

RS=50Q Full range 75 

t Full range is ooe to 70°C. 
NOTE1: 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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TLE206x, TLE206xA, TLE206xB,TLE206xY 
EXCALIBUR JFET.INPUT HIGH·OUTPUT·DRIVE 
JlPOWER OPERATIONAL AMPLIFIERS 

SLOS193 - FEBRUARY 1997 

TLE2064C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) (continued) 

TLE2064C 

TAt 
TLE2064AC 

PARAMETER TEST CONDITIONS TLE2064BC UNIT 

MIN TYP MAX 

25°C 1.12 1.3 
ICC Supply current (four amplifiers) rnA 

Vo=O, No load 
Full range 1.3 

dlCC 
Supply-current change over operating 

Full range 52 I1A temperature range (four amplifiers) 

V01/V02 Crosstalk attenuation AVO = 1000, 1= 1 kHz 25°C 120 dB 

t Full range IS O°C to 70°C. 

TLE2064C operating characteristics at specified free-air temperature, VCC+ = ±5 V -
TLE2064C 

TAt 
TLE2064AC 

PARAMETER TEST CONDITIONS TLE2064BC UNIT 

MIN TYP MAX 

25°C 2.2 3.4 
SR Slew rate at unity gain (see Figure 1) RL=10kn, CL=100pF V/fJS 

Full range 2.1 

f=10Hz, RS=20n 59 100 
Vn Equivalent input noise voltage (see Figure 2) 25°C nVNHz 

f= 1 kHz, RS=20n 43 60 

VN(PP) Peak-to-peak equivalent input noise voltage 1=0.1 Hzt010Hz 25°C 1.1 J.lV 

In Equivalent input noise current 1= 1 kHz 25°C 1 IA/'<'Hz 

THO Total harmonic distortion AVO=2, 1=10kHz, 
25°C 0.025% 

VO(pp)=2V, RL= 10kn 

RL=10kn, CL= 100pF 1.8 
B1 l)nity-gain bandwidth (see Figure 3) 25°C MHz 

RL=1oon, CL=100pF 1.3 

£=0.1% 5 
ts Settling time 25°C fJS 

£=0.01% 10 

BOM Maximum output-swing bandwidth AVO=1, RL=10kn 25°C 140 kHz 

'i>m 
RL= 10 kn, CL=100pF 58° 

Phase margin at unity gain (see Figure 3) 25°C 
RL= 100n, CL=100pF 75° 

t Full range IS O°C to 70°C. 

~1ExAs 
INSTRUMENTS 

6--128 POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 
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EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
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TLE2064C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

TLE2064C 

PARAMETER TEST CONDITIONS TAt 
TLE2064AC 

UNIT TLE2064BC 

MIN TYP MAX 

25°C 0.9 6 
TLE2064C 

Full range 6.9 

25°C 0.9 4 
VIO Input offset voltage TLE2064AC mV 

Full range 4.9 

25°C 0.7 2 
TLE2064BC 

Full range 4 

Temperature coefficient of input offset voltage 
VIC=O, RS=50Q 

25°C 6 !lV;oC aVIO 

Input offset voltage long-term drift (see Note 4) Full range 0.04 !lV/mo 

25°C 2 pA 
110 Input offset current 

Full range 1 nA 

25°C 4 pA 
liB Input bias current 

Full range 3 nA 

-11 -12 
25°C to to V 

13 16 
VICR Common-mode input voltage range 

-11 
Full range to V 

13 

25°C 13.2 13.7 
RL= 10 kQ 

Full range 13 
VOM+ Maximum positive peak output voltage swing V 

25°C 12.5 13.2 
RL=600Q 

Full range 12 

25°C -13.2 -13.7 
RL=10kQ 

Full range -13 
VOM- Maximum negative peak output voltage swing V 

25°C -12.5 -13 
RL=600Q 

Full range -12 

25°C 30 230 
VO=tl0V, RL= 10kQ 

Full range 20 

25°C 25 100 
AVD large-signal differential voltage amplification VO= Ot08V, RL=600Q V/mV 

Full range 10 

25°C 3 25 
Vo =Oto-8 V, RL=600Q 

Full range 1 

I"j Input resistance 25°C 1012 Q 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 560 Q 

25°C 72 90 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50Q dB 

Full range 70 

VCCt=t5Vtot15V, 25°C 75 93 
kaVR Supply-voltage rejection ratio (AVCCt/AVIO) dB 

RS=50Q Full range 75 

t Full range IS O°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 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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TLE206x, TLE206xA, TLE206xB, TLE206xV 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
/-lPOWER OPERATIONAL AMPLIFIERS 

SLOS193 - FEBRUARY 1997 

TLE2064C electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless 
otherwise noted) (continued) 

TLE2064C 

TAt 
TLE2064AC 

PARAMETER TEST CONDITIONS TLE2064BC 

MIN TYP 

25°C 1.25 
ICC Supply current (four amplifiers) 

Full range 

Supply-current change over operating 
VO=O, No load 

AICC temperature range (four amplifiers) Full range 72 

V01IV02 'Crosstalk attenuation AVO = 1000, f= 1 kHz 25°C 120 

t Full range IS O°C to 70°C. 

TLE2064C operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL= 10kn, CL=100pF 

f= 10 Hz, RS=20Q 
Vn Equivalent input noise voltage (see Figure 2) 

f=l kHz, RS=20Q 

VN(PP) Peak-to-peak equivalent input noise voRage f=O.l Hz to 10Hz 

In Equivalent input noise current f=lkHz 

THO Total harmonic distortion AVO=2, f=10kHz, 
VO(pp)=2V, RL=10kQ 

RL=10kQ, CL= 100 pF 
Bl Unity-gain bandwidth (see Figure 3) 

RL= 600 Q, CL= 100 pF 

ts Settling time 
£=0.1% 

£ = 0.01% 

BOM Maximum output-swing bandwidth AVO=l, RL= 10 kQ 

<Pm 
RL= 10 kQ, CL=100pF 

Phase margin at unity gain (see Figure 3) 
RL= 600 Q, CL=100pF 

t Full range IS O°C to 70°C. 
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TLE2064C 

TAt 
TLE2064AC 
TLE2064BC 

MIN TYP 

25°C 2.6 3.4 

Full range 2.5 

25°C 
70 

40 

25°C 1.1 

25°C 1 

25°C 0,025% 

2 
25°C 

1.5 

5 
25°C 

10 

25°C 40 

50° 
25°C 

70° 

UNIT 

MAX 

1.4 

1.5 
mA 

IlA 

dB 

UNIT 

MAX 

V/JJS 

100 

60 
nV/VHz 

!LV 

fAlVHz 

MHz 

JJS 

kHz 



TLE206x, TLE206xA,TLE206xB, TLE206xV 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

J.lPOWER OPERATIONAL AMPLIFIERS 
SLOSl93 - FEBRUARY 1997 

TLE20641 electrical characteristics at specified free-air temperature, V cc±= ±5 V (unless otherwise 
noted) 

TLE20641 

TAt 
TLE2064AI 

PARAMETER TEST CONDITIONS TLE2064B1 UNIT 

MIN TYP MAX 

25°C 1.2 7 
TLE20641 

Full range 8.3 

25°C 1.2 6 
VIO Input offset voltage TLE2064AI 

Full range 7.3 
mV 

25°C 0.8 3.5 
TLE2064BI 

Full range 4.8 

aVIO Temperature coefficient of input offset voltage 
VIC=O, RS=500 

25°C 6 !lV?C 
Input offset voltage long-term drift (see Note 4) Full range 0.04 !lVlmo 

25°C 1 pA 
110 Input offset currant 

Full range 2 nA 

25°C 3 pA 
liB Input bias current 

Full range 4 nA 

-1.6 -2 
25°C to to V 

4 6 
VICR Common-mode input voltage range 

-1.6 
Full range to V 

4 

25°C 3.5 3.7 
RL=10k.Q 

Full range 3.1 
VOM+ Maximum positive peak output voltage swing 

25°C 2.5 3.1 
V 

RL=1000 
Full range 2 

25°C -3.7 -3.9 
RL=10k.Q 

Full range -3.1 
VOM- Maximum negative peak output voltage swing 

25°C -2.5 
V 

-2.7 
RL= 1000 

Full range -2 

250C 15 80 
Vo=±2.8V, RL= 10k.Q 

Full range 2 

AVO Large-signal differential voltage amplifICation VO= Ot02V, 
25°C 

RL=1000 
Full range 

0.75 45 

0.5 
VlmV 

25°C 0.5 3 
VO=Oto-2V, RL=1000 

Full range 0.15 

I'j Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 560 0 

CMRR Common-mode rejection ratio VIC=VICRmin, RS=500 
25°C 

Full range 

65 82 

65 
dB 

VCC±=±5 Vto±15 V, 25°C 75 93 
ksVR Supply-voltage rejection ratio (.1VCC±/.1VIO) RS=500 Full range 65 

dB 

t Full range is -4QOC to 85°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T A = 150°C extrapolated 

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE206x,TLE206xA,TLE206xB,TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
IlPOWER OPERATIONAL AMPLIFIERS 

SLOS193 - FEBRUARY 1997 

TLE20641 electrical characteristics at specified free-air temperature, V cc±= ±5 V (unless otherwise 
. noted) (continued) 

TLE20641 

TAt 
TLE2064AI 

PARAMETER rEST CONDITIONS TLE2064BI UNIT 

MIN TVP MAX 

25°C 1.12 1.3 
ICC Supply current (four amplifiers) 

Full range 
mA 

1.3 
YO=O, No load 

AICC 
Supply-current change over operating 

Full range 108 !1A temperature range (four amplifiers) 

Y01/V02 Crosstalk attenuation AyO= 1000, f=1kHz 25°C 120 dB 

t Full range IS -40°C to 85°C. 

TLE20641 operating characteristics at specified free-air temperature, V cc±= ±5 V (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL=10kO, CL = 100 pF 

f=10Hz, RS=20Q 
Yn Equivalent input noise voltage (see Figure 2) 

1=1 kHz, 1= 1 kHz, 

YN(PP) Peak-to-peak equivalent input noise voHage 1=0.1 Hzt010Hz 

In Equivalent input noise current f= 1 kHz 

THO Total harmonic distortion 
AyO = 2, f=10kHz, 
YO(pp)=2Y, RL=10kO 

RL= 10 kO, CL=100pF 
B1 Unity-gain bandwidth (see Figure 3) 

RL=100Q, CL=100pF 

ts Settling time 
£=0.1% 

8=0.01% 

BaM Maximum output-swing bandwidth AYO=1, RL=10kO 

CPm 
RL=10kO, CL=100pF 

Phase margin at unity gain (see Figure 3) 
RL=100Q, CL=100pF 

t Full range IS - 40°C to 85°C. 
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TLE20641 

TAt 
TLE2064AI 
TLE2064BI UNIT 

MIN TVP MAX 

25°C 2.2 3.4 
Y/JJS 

Full range 1.7 

59 100 
25°C nYNHz 

43 60 

25°C 1.1 I1Y 

25°C 1 IAI;iRZ 

25°C 0.025% 

1.8 
25°C MHz 

1.3 

5 
25°C I1S 

10 

25°C 140 kHz 

58° 
25°C 

75° 



TLE206x, TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 

J.lPOWER OPERATIONAL AMPLIFIERS 
SLOS193- FEBRUARY 1997 

TLE20641 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

TLE20641 

TAt 
TLE2064AI 

PARAMETER TEST CONDITIONS TLE2064BI UNIT 

MIN TYP MAX 

25°C 0.9 6 
TLE20641 

Full range 7.3 

25°C 0.9 4 
VIO Input offset voltage TLE2064AI 

Full range 
mV 

5.3 

25°C 0.7 2 
TLE2064BI 

Full range 3.3 

a.VIO Temperature coefficient of input offset voltage 
VIC=O, RS=50Q 

25°C 6 Ilvrc 

Input offset voltage long-term drift (see Note 4) Full range 0.04 IlV/mo 

25°C 2 pA 
110 Input offset current 

Full range 3 nA 

25°C 4 pA 
liB Input bias current 

Full range 5 nA 

-11 -12 
25°C to to V 

13 16 
VICR Common-mode input voltage range 

-11 
Full range to V 

13 

25°C 13.2 13.7 
RL= 10 kQ 

Full range 13 
VOM+ Maximum pos~ive peak output voltage swing 

25°C 13.2 
V 

12.5 
RL=600Q 

Full range 12 

25°C -13.2 -13.7 
RL= 10 kQ 

Full range -13 
VOM- Maximum negative peak output voltage swing 

25°C 
V 

-12.5 -13 
RL=600Q 

Full range -12 

25°C 30 230 
VO=±10V, RL= 10kQ 

Full range 20 

25°C 25 100 
AVD Large-signal differential voltage amplification VO= Ot08V, RL=600Q 

Full range 10 
V/mV 

25°C 3 25 
VO=Oto-8V, RL=600Q 

Full range 1 

ri Input resistance 25°C 1012 Q 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 560 Q 

25°C 72 90 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50Q 

Full range 
dB 

65 

VCC± = ±5 V to ±15 V, 25°C 75 93 
ksVR Supply-voltage rejection ratio (Ll.VCC± /Ll.VIO) RS=50Q Full ral1lle 65 

dB 

t 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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TLE206x, TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
J.lPOWEROPERATIONAL AMPLIFIERS 

SLOS193- FEBRUARY 1997 

TLE20641 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) (continued) . 

TLE20641 

TAt 
TLE2064A1 

PARAMETER , TEST CONDITIONS TLE2064BI 

MIN TYP 

25°C 1.25 
ICC Supply current (lour ampliliers) 

Full range 
VO=O, No load 

41CC 
Supply-current change over operating 

Full range 148 temperature range (lour amplHiers) 

V01IV02 Crosstalk attenuation AVO = 1000, 1=1 kHz 25°C 120 

t Full range IS - 40°C to 85°C. 

TLE20641 operating characteristics at specified free-air temperature, V cc± =.± 15 V 

PARAMETER TEST CONDmONS 

SR Slew rate at unity gain (see Figure 1) RL= 101<0, CL= 100pF 

1= 10 Hz, RS=20a, 
Vn Equivalent input noise voltage (see Figure 2) 

1= 1 kHz, RS=20a 

VN(PP) Peak-to-peak equivalent input noise voltage 1=0.1 Hz to 10 Hz 

In Equivalent input noise current 1=1 kHz 

THO Total harmonic distortion AVO=2, 1= 10 kHz, 
RL=10kQ VO(pp)=2V, 

RL= 10kQ, CL=100pF 
B1 Unity-gain bandwidth (see Figure 3) 

RL = 600 a, CL= 100pF 

ts Settling time 
£=0.1% 

£=0.01% 

BOM Maximum output-SWing bandwidth AVO=1, RL=10kQ 

Ci>m 
RL= 10kQ, CL=100pF 

Phase margin at unity gain (see Figure 3) 
RL= 600 a, CL= 100pF 

t Full range is - 40°C to 85°C. 
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TLE20641 

TAt 
TLE2064AI 
TLE2064BI 

MIN TYP 

25°C 2.6 3.4 

Full range 2.1 

25°C 
70 

40 

25°C 1.1 

25°C 1.1 

25°C 0.025% 

2 
25°C 

1.5 

5 
25°C 

10 

25°C 40 

60° 
25°C 

70° 

UNIT 

MAX 

1.4 

1.5 
rnA 

JlA 

dB 

UNIT 

MAX 

V/JJS 

100 

60 
nV/VHz 

IlV 

lAIVHz 

MHz 

JJS 

kHz 



TLE206x, TLE206xA, TLE206xB,TLE206xY 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 

J,lPOWER OPERATIONAL AMPLIFIERS 
SLOS193 - FEBRUARY 1997 

TLE2064M electrical characteristics at specified free-air temperature, Vcc± = ±5 V (unless 
otherwise noted) 

TLE2064M 

TAt 
TLE2064AM 

PARAMETER TEST CONDITIONS TLE2064BM UNIT 

MIN TYP MAX 
25°C 1.2 7 

TLE2064M 
Full range 9 

25°C 1.2 6 
VIO Input offset voltage TLE2064AM mV 

Full range 8 

25°C 0.8 3.5 
TLE2064BM 

Full range 5.5 

Temperature coefficient of input offset voHage 
VIC=O, RS=500 

25°C 6 INI"C aVIO 

Input offset voltage long-term drift (see Note 4) Full range 0.04 !lV/mo 

25°C 1 pA 
110 Input offset current 

Full range 15 nA 

25°C 3 pA 
liB Input bias current 

Full range 30 nA 

-1.6 -2 
25°C to to V 

4 6 
VICR Common-mode input voltage range 

-1.6 
Full range to V 

4 

25°C 3.5 3.7 
RL=10kO 

Full range 3 

Maximum positive peak output FK and J 25°C 2.5 3.6 
VOM+ RL=6000 V 

vo~age swing packages Full range 2 

OandN 25°C 2.5 3.1 

packages 
RL=1000 

Full range 2 

25°C -3.5 -3.9 
RL=10kO 

Full range -3 

Maximum negative peak output FK and J 25°C -2.5 -3.5 
VOM- RL=6000 V 

vo~geswing packages Full range -2 

OandN 25°C -2.5 -2.7 

packages 
RL=1000 

Full range -2 

25°C 15 80 
VO=±2.8V, RL=10kO 

Full range 2 

Large-signal differential vo~ge 25°C 1 65 
AVO amplification 

VO= Ot02.5 V, RL=6000 V/mV 
FK and J Full range 0.5 

packages 25°C 1 16 
VO=Oto-2.5V, RL=6000 

Full range 0.5 

t Full range IS - 55°C to 125°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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TLE206x, TLE206xA, TLE206xB,TLE206xV 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
JlPOWER OPERATI·ONAL AMPLIFIERS 

SLOS193 - FEBRUARY 1997 

TLE2064M electrical characteristics at specified free-air temperature, Vcc± = ±5 V (unless 
otherwise noted) continued) 

PARAMETER TEST CONDITIONS TAt 

25°C 
Vo= Ot02V, RL= 1000 

Full range 
AVO 

Large-signal differential voltage OandN 
amplification packages 25°C 

VO=Oto-2V, RL=1000 
Full range 

I'j Input resistance 25°C 

ci Input capacitance 25°C 

Zo Open-loop output impedance 10=0 25°C 

25°C 
CMRR Common-mode rejection ratio V'C = V,CRmin, RS=500 

Full range 

VCC± = ±5 V to ±15 V, 25°C 
ksVR Supply-voltage rejection ratio (dVCC±hW,O) 

RS=500 Full range 

25°C 
ICC Supply current (four amplifiers) 

VO=O, No load 
Full range 

dlCC 
Supply-current change over operating 

Full range 
temperature range (four amplifiers) 

V01/V02 Crosstalk attenuation AVO = 1000, f=1kHz 25°C 

t Full range IS -55°C to 125°C. 

TLE2064M operating characteristics, V cc± = ±5 V, T A = 25°C 

SR 

Vn 

VN(PP) 

In 

THO 

B1 

Is 

BOM 

!jim 

6-136 

PARAMETER TEST CONDITIONS 

Slew rate at unity gain (see Figure 1) RL = 10 kn, CL=100pF 

f=10Hz, RS=200 
Equivalent input noise voltage (see Figure 2) 

f=1 kHz, RS=200 

Peak-to-peak equivalent input noise voltage f=0.1 Hzt010Hz 

Equivalent input noise current 

Total harmonic distortion 

Unity-gain bandwidth (see Figure 3) 

Settiingtime 

Maximum output-swing bandwidth 

Phase margin at unity gain (see Figure 3) 

f= 1 kHz 

AVO=2, 
VO(pp)=2V, 

RL= 10kQ, 

RL= 600 0, 

£=0.1% 

£=0.01% 

AVO=1, 

RL=10kQ, 

RL= 600 0, 
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f = 10 kHz, 
RL=10kQ 

CL=1OOpF 

CL=1oopF 

RL=10kQ 

CL=100pF 

CL=1OOpF 

TLE2064M 
TLE2064AM 
TLE2064BM UNIT 

MIN TYP MAX 

0.75 45 

0.25 
V/mV 

0.4 3 

0.15 

1012 0 

4 pF 

560 0 

65 82 
dB 

60 

75 93 
dB 

65 

1.12 1.3 
mA 

1.3 

144 IlA 

120 dB 

TLE2064M 
TLE2064AM 
TLE2064BM UNIT 

MIN TYP MAX 

3.4 VlIJI3 

59 
nVlVHz 

43 

1.1 ltV 

1 fAlVHz 

0.025% 

1.8 
MHz 

1.3 

5 

10 
IJI3 

140 kHz 

58° 

75° 



TLE206x,TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

/lPOWER OPERATIONAL AMPLIFIERS 
SLOS193 - FEBRUARY 1997 

TLE2064M electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

TLE2064M 

TAt 
TLE2064AM 

PARAMETER TEST CONDITIONS TLE2064BM UNIT 

MIN TYP MAX 

25°C 0.9 6 
TLE2064M 

Full range a 

25°C 0.9 4 
V,O Input offset voltage TLE2064AM 

Full range 6 
mV 

25°C 0.7 2 
TLE2064BM 

Full range 4 

avlO Temperature coefficient of input offset voltage V,C=O, RS=500 25°C 6 IJ.vtoc 

Input offset voltage long-term drift 
Full range 0.04 IJ.V/mo (see Note 4) 

25°C 2 pA 
',0 Input offset current 

Full range 20 nA 

25°C 4 pA 
liB Input bias current 

Full range 40 nA 

-11 -12 
25°C to to V 

13 16 
V,CR Common-mode input voltage range 

-11 
Full range to V 

13 

25°C 13 13.7 
RL= 10 kO 

Full range 12.5 
VOM+ Maximum positive peak output voltage swing 

25°C 
V 

12.5 13.2 
RL=6oo0 

Full range 12 

25°C -13 -13.7 
RL=10kO 

Full range -12.5 
VOM- Maximum negative peak output voltage swing V 

25°C -13 -13 
RL=6oo0 

Full range -12.5 

25°C 30 230 
VO=±10V, RL=10kO 

Full range 20 

AVO Large-signal differential voltage amplification VO= OtoaV, RL=6000 
25°C 25 100 

Full range 
V/mV 

7 

25°C 3 25 
VO=Oto-a V, RL=6000 

Full range 1 

~ Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 560 0 

CMRR Common-mode rejection ratio 
25°C 72 90 

dB V'C = V,CRmin, RS=500 
Full range 65 

VCC± = ±5 V to ±15 V, 25°C 75 93 
ksVR Supply-voltage rejection ratio (aVcc± laV,o) dB 

RS=500 Full range 65 
t Full range is - 55°C to 125°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T A = 150°C extrapolated 

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

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 6-137 



TLE206x, TLE206xA, ·TLE206xB, ·TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
IlPOWER OPERATIONAL AMPLIFIERS 

SLOS193- FEBRUARY 1997 . 

TLE2064M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -

TLE2064M 

TAt 
TLE2064AM 

PARAMETER TEST CONDmoNS TLE2064BM 

MIN TYP 
25°C 1.25 

ICC Supply current (four amplifiers) 
Full range 

Vo=O, No load 

dice 
Supply-current change over operating 

Full range 194 temperature range (four amplifiers) 

V01IV02 Crosstalk attenuation AVO = 1000, f=1kHz 25°C 120 

t Full range IS - 55°C to 125°C. 

TLE2064M operating characteristics at specified free-air temperature, V cc± = ± 15 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain (see Figure 1) RL = 10 Idl, CL=100pF 

f=10Hz, RS=200 
Vn Equivalent input noise voltage (see Figure 2) 

f= 1 kHz, RS=200 

VN(PP) Peak-to-peak equivalent input noise voltage 1=0.1 Hz to 10Hz 

In Equivalent input noise current f= 1 kHz 

THO Total harmonic distortion AVO=2, f = 10 kHz, 
VO(pp)=2V, RL=10kO 

RL= 10kO, CL=100pF 
B1 Unity-gain bandwidth (see Figure 3) 

RL=6000, CL= 100pF 

£=0.1% 
ts Settling time 

£ = 0.01% 

BOM Maximum output-swing bandwidth AVO = 1, RL= 10kO 

cl>m 
RL=10kO, CL= 100pF 

Phase margin at unity gain (see Figure 3) 
RL= 600 0, CL=100pF 

t Full range is - 55°C to 125°C. 
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TLE2064M 

TAt 
TLE2064AM 
TLE2064BM 

MIN TYP 

25°C 2.6 3.4 

Full range 1.8 

25°C 
70 

40 

25°C 1.1 

25°C 1.1 

25°C 0.025% 

2 
25°C 

1.5 

5 
25°C 

10 

25°C 40 

60° 
25°C 

70° 

UNIT 

MAX 
1.4 

1.5 
rnA 

JlA 

dB 

UNIT 

MAX 

V/IJS 

nVNHz 

I!V 

fANHz 

MHz 

IJS 

kHz 



TLE206x, TLE206xA,TLE206xB, TLE206xY 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 

IlPOWER OPERATIONAL AMPLIFIERS 
SLOS193 - FEBRUARY 1997 

TLE2064Y electrical characteristics at VCC± = ±15 V, TA = 25°C (unless otherwise noted) 

TLE2064Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

VIO Input offset voltage 0.9 6 mV 

~VIO Input offset voltage long-term drift (see Note 4) 0.04 ltV/mo 

110 Input offset current 
VIC=O, RS=500 

2 pA 

liB Input bias current 4 pA 

-11 -12 

VICR Common-mode input voltage range to to V 
13 16 

RL=10kO 13.2 13.7 
VOM+ Maximum positive peak output voltage swing V 

RL=6000 12.5 13.2 

RL= 10 kO -13.2 -13.7 V 
VOM- Maximum negative peak output voltage swing 

RL=6000 12.5 13 
, 

V 

VO=±10V, RL=10kO 30 230 

AVO Large-signal differential voltage amplification VO= Ot08V, RL=6000 25 100 V/mV 

VO= Oto-8V, RL=6000 3 25 

ri I nput resistance 1012 0 

ci Input capacitance 4 pF 

Zo Open-loop output impedance 10=0 560 0 

CMRR Common-mode rejection ratio 
RS=500, 

72 90 dB 
VIC = VICRmin, 

ksVR Supply-voltage rejection ratio (/!"VCC± //WIO) 
VCC±=±5 Vto±15 V, 

75 93 dB 
RS=500 

ICC Supply current VO=O, No load 1.25 1.4 mA 

V011V02 Crosstalk attenuation AVO = 1000, f= 1 kHz 120 dB 

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. 

TLE2064Y operating characteristics at V cc+ = ± 15 V, T A = 25°C -

SR 

Vn 

VNCPP) 

In 

THO 

B1 

ts 

BOM 

<l>m 

PARAMETER TEST CONDITIONS 

Slew rate at unity gain (see Figure 1) RL=10kO, CL=100pF 

f= 10Hz, RS=200 
Equivalent input noise voltage (see Figure 2) 

f= 1 kHz, RS=200 

Peak-to-peak equivalent input noise voltage f=0.1 Hzt010Hz 

Equivalent input noise current 

Total harmonic distortion 

Unity-gain bandwidth (see Figure 3) 

Settling time 

Maximum output-swing bandwidth 

Phase margjn at unity gain (see Figure 3) 

f=1 kHz 

AVO = 2, 
VO(pp)=2V, 

RL=10kO, 

RL= 600 0, 

£=0.1% 

£ = 0.01% 

AVO= 1, 

RL= 101<0, 

RL=6000, 

~TEXAS 
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f=10kHz, 
RL=10kO 

CL=100pF 

CL= 100pF 

RL= 10kO. 

CL=100pF 

CL=100pF 

TLE2064Y 
UNIT 

MIN TYP MAX 

2.6 3.4 V/115 

70 

40 
nV/..[Hz 

1.1 ltV 

1.1 fAl..[Hz 

0.025% 

2 
MHz 

1.5 

5 

10 
115 

40 kHz 

60° 

70° 
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PARAMETER MEASUREMENT INFORMATION 

2kn 

>--..... --..... -Vo Vo 

RS 

NOTE A: CL includes fixture capacitance. 

Figure 1. Slew-Rate Test Circuit Figure 2. Noise-Voltage Test Circuit 

10kn 

1000 

>---.----.- Vo 

NOTE A: CL includes fixture capacitance. 

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

typical values 

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

input bias and offset current 

6-140 

At the picoampere bias current level typical of the TLE206x, TLE2064xA, and TLE206xB, accurate 
measurement of the bias current becomes difficult. Not only does this measurement require a picoammeter, 
but test socket leakages can easily exceed the actual device bias currents. To accurately measure these small 
currents, Texas Instruments uses a two-step process. The socket leakage is measured using picoammeters 
with bias voltages applied but with no device in the socket. The device is then inserted into the socket, and a 
second test that measures both the socket leakage and the device input bias current is performed. The two 
measurements are then subtracted algebraically to determine the bias current of the device. 
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TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage Distribution 

Input bias current 
vs Common-mode input voltage 
vs Free-air temperature 

Input offset current vs Free-air temperature 

Common-mode input voltage vs Free-air temperature 

Maximum peak output voltage 
vs Output current 
vs Supply voltage 

Maximum peak-to-peak output voltage 
vs Frequency 
vs Load resistance 

Large-signal differential voltage amplification 
vs Frequency 
vs Free-air temperature 

Short-circuit output current 
vs Elasped time 
vs Free-air temperature 

Output impedance vs Frequency 

Common-mode rejection ratio vs Frequency 

Supply current 
vs Supply voltage 
vs Free-air temperature 

Voltage-follower small-signal pulse response vs Time 

Voltage-follower large-signal pulse response vs Time 

Noise voltage (referred to input) 0.ltol0Hz 

Equivalent input noise voltage vs Frequency 

Total harmonic distortion vs Frequency 

Unity-gain bandwidth 
vs Supply voltage 
vs Free-air temperature 

vs Supply voltage 
Phase margin vs Load capacitance 

vs Free-air temperature 

Phase shift vs Frequency 
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TYPICAL CHARACTERISTICS 

~ 
I 

TLE2061 
DISTRIBUTION OF 

INPUT OFFSET VOLTAGE 

736 Amplifiers 
VCC±=±15V 
TA=25°C 
PPackage 

i 10 1---+--1--+-

f 
15 

r · I---+-+--

0 
-4 -3 -2 -1 0 2 

VIO - Input Offaet Voltage - mV 

Figure 4 

TLE2064 
DISTRIPUTION OF 

INPUT OFFSET VOLTAGE 
20 

2792 AmplHlers 
VCC±=±15V 
TA=25°C 

~ 15 NPackage 
I 
f 
.! 
:I:: 
is. 

~ 10 
'15 

f 5 

0 
-8 -6 -4 -2 0 2 4 

VIO - Input Offset Voltage - mV 

Figure 6 

3 " 

6 8 

~ 
I i 10 

is. 

~ 
'15 

TLE2062 
DISTRIBUTION OF 

INPUT OFFSET VOLTAGE 

1836 Amplifiers 
VCC±=±15V 
TA = 25°C 
PPackage 

f 
'E 5 I----+-_+_ 

J 

c c 
I 

'E 
~ 
:::I 
(J 

11 
ID 
'S a. 
.5 
I 
ID 

Jr 

-4 -3 -2 -1 0 234 

2 

1.5 

0.5 

o 

VIO - Input Offset Voltage - mV 

Figure 5 

INPUT BIAS CURRENT 
vs 

COMMON·MODE INPUT VOLTAGE 

vlDlo 
TA = 25°C 

VCC±=±15V 
I~ 

-20 -15 -10 -5 0 5 10 15 20 

VIC - Common·Mode Input Voltage - V 

Figure 7 
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TYPICAL CHARACTERISTICSt 

INPUT BIAS CURRENT 
AND INPUT OFFSET CURRENT 

vs 
FREE-AIR TEMPERATURE 

~VCC±=+15V 
~VIC=O 

/' 

liB V ./hc 

/' ./ 

COMMON-MODE INPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VIC 

.-
VIClo 

-

-
.: 25 45 65 85 105 125 

VCC_+ 2 
-75 -SO -25 0 25 SO 75 100 125 

> 20 
I t 18 

~ 16 
'S 
~ 14 
o ... l 12 

o~ 10 
~ 
~ 8 
E 
~ 6 

~ 4 
I 

:l! 2 

-? o 

I 

TA - Free-Air Temperature - °C 

FigureS 

MAXIMUM POSITIVE PEAK 
OUTPUT VOLTAGE 

vs 
OUTPUT CURRENT 

TA = 25°C 

-VCC±=+15 V 

_ VCC±=+5V 

I 
o -10 -20 -30 -40 -50 -60 

10 - Output Current - mA 

Figure 10 

> -20 
I 

8. -18 
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'S -14 
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1 -12 
D.. 

!! -10 

I -8 

E 
~ -6 

~ -4 
I 

I -2 
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...... 

TA - Free-Air Temperature - °C 

Figure 9 

MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE 

vs 
OUTPUT CURRENT 

TA=25°C 

_ VCC±=+15V 

...... 
_ VCC±=±5V 

I I 

" 
I" o 5 10 15 20 25 30 35 40 

10 - Output Current - mA 

Figure 11 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various deviceso 
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TYPICAL CHARACTERISTICS 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

II 
RL=10kn 

20 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

I I 

RL=600n % r- TA=25°C 
,,/' I 

> 
I 15 % r- TA=25°C 

,,/' I 

V VOM+ 

,,/' I-' 
./ 

.. V 

.. 
I 

10 ~ 
'$ 
a. 5 '$ 
0 
.lI: 

V VOM+ 

V '" ./ 

.. ,,/' 
i 0 

~ 
......... 
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" VOM-

~ 

E 
::I 
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>C 
01 
::& -10 I 

::& 
~ -15 
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........ 
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I VCC± 1- Supply Voltage - V 

Figure 12 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

RL=100 Q 

<+ TA = 25°C ./ 
V 

" 
~ ---- -VOM-

246 8 10 

. I VCC± I-Supply Voltage-V 

Figure 14 
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I VCC+ 1- Supply Voltage - V 

Figure 13 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 

vs 
FREQUENCY 

VCC±=±5V 
RL=10kn 
TA = 25°C 

\ 
\ 
~ 

......... -
100k 1 M 10M 
f - Frequency - Hz 

Figure 15 
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TYPICAL CHARACTERISTICSt 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 

VB 
FREQUENCY 

I 
VCC±=±15V 
RL=10kn 
TA=25°C 

\ 

\ 
"-

r--
100 k 1 M 10M 

f - Frequency - Hz 

Figure 16 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
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~ I I 
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Figure 17 

10 k 

LARGE-SIGNAL VOLTAGE AMPLIFICATION 
VB 

FREE-AIR TEMPERATURE 

RL= 10kn 

-- ............. VCC±=±15V 
I"'--.... 

" ~ 
f-iCC

±r
5V - :--- ...... 

j ... 0.1 

200° 
10 100 1 k 10 k 100 k 1 M 10 M Q 

~ 
-75 -50 -25 0 25 50 75 100 125 

f - Frequency - Hz TA - Free-Air Temperature - °c 

Figure 18 Figure 19 

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 
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Figure 20 

TLE2061 
OUTPUT IMPEDANCE 

vs 
FREQUENCY 
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Figure 21 

TLE2062 AND TLE2064 
OUTPUT IMPEDANCE 

vs 
FREQUENCY 
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Figure 23 

10M 

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 

COMMON-MODE REJECTION RATIO 
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Figure 24 

TLE2062 
SUPPLY CURRENT 

vs 
SUPPLY VOLTAGE 
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Figure 25 

TLE2064 
SUPPLY CURRENT 

vs 
SUPPLY VOLTAGE 
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Figure 27 

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 
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Figure 28 

TLE2064 
SUPPLY CURRENT 

vs 
FREE-AIR TEMPERATURE 
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VOLTAGE-FOLLOWER 
SMALL-SIGNAL 

PULSE RESPONSE 

... ... 

VCC±=±5V 
RL=10kn 
CL=100pF 
TA = 25°C 
See Figure 1 

I I I 

V 

o 0.5 1.5 2 2.5 
t.,.Tlme-/IS 

Figure 31 

t Data at high and low temp~ratures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS 
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See Figure 1 
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Figure 32 
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See Figure 1 
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Figure 34 
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Figure 33 
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TYPICAL CHARACTERISTICS 
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Figure 37 
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Figure 38 
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I YCC± I - Supply Yoltage - Y 

Figure 39 
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TLE206x,TLE206xA, TLE206xB, TLE206xY 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
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TYPICAL CHARACTERISTICSt 
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Figure 43 

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

input characteristics 

The TLE206x, TLE206xA, and TLE206xB are specified with a minimum and a maximum input voltage that if 
exceeded at either input could cause the device to malfunction. Because of the extremely high input impedance 
and resulting low bias current requirements, the TLE206x, TLE206xA, and TLE206xB are well suited for 
low-level signal processing; however, leakage currents on printed-circuit boards and Sockets can easily exceed 
bias current requirements and cause degradation in system performance. It is good practice to include guard 
rings around inputs (see Figure 44). These guards should be driven from a low-impedance source at the same 
voltage level as the common-mode input. 

Vo Vo 

Where =: = =~ 
Figure 44. Use of Guard Rings 

TLE2061 input offset voltage nulling 

6-152 

The TLE2061 series offers external null pins that can be used to further reduce the input offset voltage. The 
circuit of Figure 45 can be connected as shown if the feature is desired. When external nulling is not needed, 
the null pins may be left unconnected. 

IN-

IN+ 

OUT 

t 5kn 
~Vcc-

Figure 45. Input Offset Voltage Nulling 
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TLE206x, TLE206xA,TLE206xB, TLE206xV 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 

IlPOWER OPERATIONAL AMPLIFIERS 
SLOSI93- FEBRUARY 1997 

APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in Figure 46 were generated using 
the TLE206x typical electrical and operating characteristics at 25°C. Using this information, output simulations 
of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers", IEEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 

din 
3 egnd + 

.---.._1--.. 92 

rp 

IN----r-r-~-.r~ 

IN+ -+---1I--+----r--r--' 

"::' "::' 

rol 
5 

VCC-~~~---~~~~I--r-+-~~~-----------__ 
+ 

ve OUT 

.subekt TLE2062 1 2 3 4 5 
e1 11 12 1.457E-12 
e2 6 7 15. 00E-12 
de 5 53 dx 
de 54 5 dx 
dIp 90 91 dx 
dIn 92 90 dx 
dp 4 3 dx 
egnd 99 0 poly (2) (3,0) (4,0) 0 .5 .5 
fb 7 99 poly (5) vb ve ve vIp 

+ vln 0 4.357E6 -4E6 4E6 4E6 -4E6 
ga 6 0 11 12 188.5E-6 
gem 0 6 10 99 3. 352E-9 
iss 3 10 de 51.00E-6 

rd1 4 
rd2 4 
rOl 8 
r02 7 
rp 3 
rss 10 
vb 9 
ve 3 
ve 54 
vlim 7 
vIp 91 
v1n 0 

.model dx 

. model jx 

11 5.305E3 
12 5.305E3 

5 280 
99 280 

4 113.2E3 
99 3.922E6 

0 de 0 
53 de 2 

4 de 2 
8 de 0 

0 de 50 
92 de 50 
D(Is=800.0E-18) 
PJF(Is=2.000E-12 Beta = 

hlim 90 0 vlim 1k + Vto = -1) 
j1 11 2 10 jx . ends 
j2 12 1 10 jx 
r2 6 9 100. OE3 

Figure 46. Boyle Macromodel and Subcircuit 

PSpice and Parts are trademarks of MicroSim Corporation. 
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• Direct Upgrades to TL05x, TL07x, and 
TL08x BIFET Operational Amplifiers 

• Greater Than 2x Bandwidth (10 MHz) and 
3x Slew Rate (45 VI~) Than TL07x 

• Ensured Maximum Noise Floor 
17nVlKz 

description 

TLE207x,TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 

• On-Chip Offset Voltage Trimming for 
Improved DC Performance 

• Wider Supply Ralls Increase Dynamic 
Signal Range to ±19 V 

The TLE207x series of JFET-input operational amplifiers more than double the bandwidth and triple the slew 
rate of the TL07x and TL08x families of BiFET operational amplifiers. Texas Instruments Excalibur process 
yields atypical noise floor of 11.6 nV/..JHz, 17-nV/..JHz ensured maximum, offering immediate improvement in 
noise-sensitive Circuits designed using the TL07x. The TLE207x also has wider supply voltage rails, increasing 
the dynamic Signal range for BiFET circuits to ±19 V. On-chip zener trimming of offset voltage yields precision 
grades for greater accuracy in dc-coupled applications. The TLE207x are pin-compatible with lower 
performance BiFET operational amplifiers for ease in improving performance in existing designs. 

BiFET operational amplifiers offer the inherently higher input impedance of the JFET-input transistors, without 
sacrificing the output drive associated with bipolar amplifiers. This makes them better suited for interfacing with 
high-impedance sensors or very low-level ac signals. They also feature inherently better ac response than 
bipolar or CMOS devices having comparable power consumption. 

The TLE207x family of BiFET amplifiers are Texas Instruments highest performance BiFETs, with tighter input 
offset voltage and ensured maximum noise speCifications. Designers requiring less stringent speCifications but 
seeking the improved ac characteristics of the TLE207x should consider the TLE208x operational amplifier 
family. 

Because BiFET operational amplifiers are designed for use with dual power supplies, care must be taken to 
observe common-mode input voltage limits and output swing when operating from a single supply. DC biasing 
of the input signal is required and loads should be terminated to a virtual ground node at mid-supply. Texas 
Instruments TLE2426 integrated virtual ground generator is useful when operating BiFET amplifiers from single 
supplies. 

The TLE207x are fully specified at ±15 V and ±5 V. For operation in low-voltage andlor single-supply systems, 
Texas Instruments LinCMOS families of operational amplifiers (TLC- and TLV-prefix) are recommended. When 
moving from BiFET to CMOS amplifiers, particular attention should be paid to slew rate and bandwidth 
requirements and output loading. 

~TEXAS 
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TLE2071 AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA Vlomax SMALL CHIP CARRIER CERAMIC DIP PLASTIC DIP AT 25°C OUTLINEt 
(D) 

(FK) (JG) (P) 

O°C to 70°C 
2mV TLE2071ACD TLE2071ACP 
4mV TLE2071CD - - TLE2071CP 

-40°C to 85°C 
2mV TLE2071AID TLE2071AIP 
4mV TLE20711D 

- -
TLE20711P 

-55°C to 125°C 
2mV - TLE2071 AMFK TLE2071AMJG -
4mV - TLE2071MFK TLE2071MJG -

t The D packages are available taped and reeled. Add R suffix to device type (e.g., TLE2071 ACDR). 
:t: Chip-form versions are tested at TA = 25°C. 

TLE2072 AVAILABLE OPTIONS 

PACKAGED DEVICES 

VIOmax CHIP CERAMIC PLASTIC TA SMALL· 
AT 25°C OUTLINEt CARRIER DIP DIP 

(D) (FK) (JG) (P) 

O°Cto 70°C 
3.5mV TLE2072ACD TLE2072ACP 

6mV TLE2072CD - -
TLE2072CP 

-40°C to 85°C 
3.5mV TLE2072AID TLE2072AIP 

8mV TLE20721D - - TLE20721P 

-55°C to 125°C 
3.5mV TLE2072AMFK TLE2072AMJG 

6mV - TLE2072MFK TLE2072MJG -
tThe D packages are available taped and reeled. Add R suffiX to deVice type (e.g., TLE2072ACDR). 
:t: Chip-form versions are tested at TA = 25°C. 

TLE2074 AVAILABLE OPTIONS 

PACKAGED DEVICES 

VIOmax CHIP CERAMIC PLASTIC TA SMALL 
AT2SoC OUTLINEt CARRIER DIP DIP 

(OW) (FK) (J) (N) 

O°Cto 70°C 
3mV TLE2074ACDW TLE2074ACN 
SmV TLE2074CDW - - TLE2074CN 

-40°C to 85°C 
3mV TLE2074AIDW TLE2074AIN 
5mV TLE20741DW 

- - TLE20741N 

-55°C to 125°C 
3mV TLE2074AMFK TLE2074AMJ 
5mV - TLE2074MFK TLE2074MJ -

t The DW packages are available taped and reeled. Add R suffix to device type (e.g., TLE2074ACDWR). 
:t: Chip-form versions are tested at TA = 25°C. 
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TLE2071 AND TLE2071A 
D. JG. OR P PACKAGE 

(TOP VIEW) 

OFFSET N1 De NC 
IN- 2 7 Vcc+ 
IN+ 3 6 OUT 

Vcc- 4 5 OFFSET N2 

TLE2071M AND TLE2071AM 
FKPACKAGE 
(TOP VIEW) 

z 
Iii 
~ 

Uu.uuu 
zOzzz 

NC 
3 2 1 2019 

NC 4 18 
IN- 5 17 Vcc+ 
NC 6 16 NC 

IN+ 7 15 OUT 
NC 8 14 NC 

9 10 11 12 13 

u~u~u z(.)z z 
:> Iii 

~ 
u. 
0 

NC - No intemal connection 

symbol 

TLE207x,TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE2072 AND TLE2072A 
D. JG. OR P PACKAGE 

(TOP VIEW) 

TLE2074 AND TLE2074A 
J OR N PACKAGE 

(TOP VIEW) 

TLE2074 AND TLE2074A 
DWPACKAGE 

(TOP VIEW) 

10UTD8 VCC+ 
11N- 2 7 20UT 
11N+ 3 621N-
VCC- 4 5 21N+ 

10UT 
lIN-
11N+ 

TLE2072M AND TLE2072AM 
FKPACKAGE 
(TOP VIEW) 

I- + 

u5u8u 
Z~Z>z 

NC 
3 2 1 2019 

NC 4 18 

1 

11N- 5 17 20UT 
NC 6 16 NC 

11N+ 7 15 21N-
NC 8 14 NC 

9 10 11 12 13 

() IU+U 
Z8Z~Z 

> (\J 

11 

8 

40UT 10UT 1 40UT 
41N- 11N- 2 41N-
41N+ 11N+ 3 41N+ 

VCC- VCC+ 4 VCC-
31N+ 21N+ 31N+ 
31N- 21N- 31N-
3OUT20UT 7 30UT 

TLE2074M AND TLE2074AM 
FKPACKAGE 
(TOP VIEW) 

II- 1-1 

~5U5~ 
,,-,,-Zvv 

3 2 1 2019 
41N+ 4 18 

5 17 NC 

6 16 VCC-
15 NC 

8 14 31N+ 
9 10111213 

I f-Ul-I 
Z =>Z::>z 
C\i o o-N MM 

IN+ =l>-OUT IN-
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TLE207x, TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2071Y chip informatiQn 

This chip, when properly assembled, displays characteristics similar to the TLE2071 C. 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. 

-
.: 85 
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BONDING PAD ASSIGNMENTS 

~ --------------~~ 
I'IIIIIIIIIIIIJIIII'IIIIIIIII'IIIIIII'III'IIIIIII'I'II\'I' 

~TEXAS 
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(1) 
OFFSETNl 

IN+ 

IN-

OFFSETN2 
VCC-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

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

POST OFFICE BOX 655303 • DALLAS. TEXAS 752eS 
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TLE207x, TLE207xA,TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2072Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLE2072C. 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. 

:: 90 

BONDING PAD ASSIGNMENTS 

~14r-------------- ~ --------------~.I 
1'11111'1'11111'1'1'1'1'1'111'1"'11[11'1'1'1'1"'1'111'1'1'1'1'1'1'1 11'1'11111'1 
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11N+ 

11N-

20UT 

VCC-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ± 1 0%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNALLY CONNECTED 
TO BACKSIDE OF THE CHIP. 
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JFET-INPUT OPERATIONAL AMPLIFIERS 
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TLE2074Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLE2074C. 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. 

-

-

-

-

-

-
-

-

-

-
-
-

-

-
-

-
-
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BONDING PAD ASSIGNMENTS 

lOll 14--------100--------+1.1 
111111111'1'1111111'111111111'111111111'1'11111'111'11I'\I\'I'III'II"I'IIIIIII'I'I'IIIII'I'III'III'I 
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VCC-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±10%. ( 

ALL DIMENSIONS ARE IN MILS. 

PIN (11) IS INTERNALLY CONNECTED 
TO BACKSIDE OF THE CHIP. 
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TLE207x, TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

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

Supply voltage, Vcc+ (see Note 1) .......................................................... 19 V 
Supply voltage, Vcc- (see Note 1) ......................................................... -19 V 
Differential input voltage range, VIO (see Note 2) ..................................... Vcc+ to VCC-
Input voltage range, VI (any input) .................................................. VCC+ to VCC-
Input current, II (each input) .............................................................. ±1 mA 
Output current, 10 (each output) ......................................................... ±80 mA 
Total current into Vcc+ .................................................................. 160 mA 
Total current out of Vcc- ........ ' .................... " ......................... '" ...... 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: C suffix ....................................... O°C to 70°C 

I suffix .................................... -40°C to 85°C 
M suffix .................................. -55°C to 125°C 

Storage temperature range ......................................... ,............. -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: OW or N package ............... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J 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 reliabilHy. 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-. 
2. Differential voltages are at the non inverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperatures and/or supply voltages must be limited to ensure that the maximum 

dissipation rate is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA,;;25°C DERATING FACTOR TA = 70°C TA = 85°C TA= 125°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING POWER RATING 

0 725mW 5.8mW/"C 464mW 377mW 

OW 1025mW 8.2mW/oC 656mW 533mW 205mW 

FK 1375mW 11.0mW/oC 860mW 715mW 275mW 

J 1375mW 11.0mW/oC 860mW 715mW 275mW 

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

N 1150mW 9.2mW/oC 736mW 598mW 230mW 

p l000mW 8.0mW/oC 640mW 344mW 

recommended operating conditions 

CSUFFIX I SUFFIX MSUFFIX 

Supply voltage, VCC+ 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

MIN 

±2.25 

LVCC+=±5V -0.9 

IVCC+=±15V -10.9 

0 

~TEXAS 
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MAX 

±19 

5 

15 

70 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

MIN MAX MIN MAX 

±2.25 ±19 ±2.25 ±19 

-0.8 5 -0.8 5 

-10.8 15 -10.8 15 

-40 85 -55 125 

UNIT 

V 

V 

°C 
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TLE207x, TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2071C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

lIB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

fj Input resistance 

ci Input capacitance 

zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
kSVR ratlo(dVCC±!t"vIO) 

t Full range IS O°C to 70°C. 
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TLE2071C 
TEST CONDITIONS TAt 

MIN 

25°C 

VIC=O, VO=O, Full range 
RS=50n 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

5 
25°C to 

-1 
Rs=50n 

5 
Full range to 

-0.9 

25°C 3.8 
10 =-200JlA 

'Full range 3.7 

25°C 3.5 
10=-2mA 

Full range 3.4 

25°C 1.5 
10 =-20 rnA 

Full range 1.5 

25°C -3.5 
10 = 200 JlA 

Full range -3.4 

25°C -3.7 
10=2mA 

Full range -3.6 

25°C -1.5 
10=20mA 

Full range -1.5 

25°C 80 
RL=600n 

Full range 79 

25°C 90 
Vo =±2.3 V RL=2 kn 

Full range 89 

25°C 95 
RL=10kn 

Full range 94 

VIC=O 25°C 

Common 
25°C VIC = 0, mode 

See Figure 5 
Differential 25°C 

f= 1 MHz 25°C 

VIC = VICRmin, 25°C 70 

VO=O, RS=50n Full range 68 

VCC±=±5Vto±15V, 25°C 82 
VO=O, RS=50n Full range 80 

~TEXAS 
INSTRUMENTS 
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TYP 

0.34 

3.2 

5 

15 

5 
to 

-1.9 

4.1 

3.9 

2.3 

-4.2 

-4.1 

-2.4 

91 

100 

106 

1012 

11 

2.5 

80 

89 

99 

TLE2071AC 
UNIT 

. MAX MIN TYP MAX 

4 0.3 2 
mV 

6 4 

29 3.2 29 !lVrC 

100 5 100 pA 

1.4 1.4 nA 

175 15 175 pA 

5 5 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.9 

3.8 4.1 

3.7 

3.5 3.9 
V 

3.4 

1.5 2.3 

1.5 

-3.5 -4.2 

-3.4 

-3.7 -4.1 
V 

-3.6 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 
dB 

89 

95 106 

94 

1012 n 

11 
pF 

2.5 

80 n 

70 89 
dB 

68 

82 99 
dB 

80 



TLE207x, TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE2071C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) (continued) 

TLE2071C TLE2071AC 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

25°C 1.35 1.6 2.2 1.35 1.6 
ICC Supply current VO=O, No load 

Full range 2.2 

Short-circuit output IVIO=lV -35 -35 
lOS VO=O 25°C 

current IVID=-1 V 45 45 

t Full range is O°C to 70°C. 

TLE2071C operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distortion 
THO+N 

plus noise 

B1 Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

oIlm 
Phase margin at unity 
gain 

t Full range IS O°C to 70°C. 

TLE2071C 
TEST CONDITIONS TAt 

MIN TYP 

25°C 

Full 
VO(PP) = ±2.3 V, range 
AVO=-1, 
CL = 100 pF, 

AVO=-1, 
2-Vstep, 
RL = 1 k.Q, 
CL=100pF 

RS=20Q, 
See Figure 3 

VIC=O, 

VO(pp)=5V, 
f= 1 kHz, 
RS=250 

VI=10mV, 
CL=25 pF, 

VO(pp)=4V, 
RL=2kn, 

VI = 10 mV, 
CL=25pF, 

RL = 2 kn, 
25°C See Figure 1 
Full 

range 

T010mV 
25°C 

T01 mV 

f= 10Hz 
25°C 

f= 10kHz 

f= 10Hzto 
10kHz 

25°C 
f= 0.1 Hz to 

10Hz 

f=10kHz 25°C 

AVO = 10, 
RL =2 k.Q, 25°C 

RL=2kQ, 
25°C 

See Figure 2 

AVO=-1, 
25°C 

CL=25pF 

RL = 2 k.Q, 
25°C See Figure 2 

~TEXAS 
INSTRUMENTS 

35 

23 

38 

23 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.Q13% 

9.4 

2.8 

56° 
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TLE2071AC 

MAX MIN TYP 

35 

23 

38 

23 

0.25 

0.4 

55 28 

17 11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

2.2 
rnA 

2.2 

rnA 

UNIT 
MAX 

V1jJS 

V/jJS 

jJS 

55 
nVlvHz 

17 

IlV 

fAl.,[Hz 

MHz 

MHz 
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TLE207x, TLE207xA,TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2071C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) . -

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

fj Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
kSVR ratio (aVCC±ILlVIO) 

t Full range IS O°C to 70°C. 
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TLE2071C 
TEST CONDITIONS TAt 

MIN 

25°C 

VIC=O, VO=O, Full range 
RS=500 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

15 
25°C to 

-11 
RS=500 

15 
Full range to 

-10.9 

25°C 13.8 
10 =-200 JlA 

Full range 13.7 

25°C 13.5 
10=-2 mA 

Full range 13.4 

25°C 11.5 
10=-20mA 

Full range 11.5 

25°C -13.8 
10 = 200 JlA 

Full range -13.7 

25°C -13.5 
10=2mA 

Full range -13.4 

25°C -11.5 
10 = 20 mA 

Full range -11.5 

25°C 80 
RL=600Q 

Full range 79 

25°C 90 
VO=±10V RL=2kO 

Full range 89 

25°C 95 
RL= 10kO 

Full range 94 

VIC=O 25°C 

Common 
25°C VIC=O, mode 

See Figure 5 
Differential 25°C 

f=1 MHz 25°C 

VIC = VICRmin, 25°C 80 

VO=O, RS=500 Full range 79 

VCC±=±5Vto±15V, 25°C 82 
VO=O, RS=500 Full range 80 

~TEXAS 
INSTRUMENTS 
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TYP 

0.49 

3.2 

6 

20 

15 
to 

-11.9 

14.1 

13.9 

12.3 

-14.2 

-14 

-12.4 

96 

109 

118 

1012 

7.5 

2.5 

80 

98 

99 

TLE2071AC 
UNIT 

MAX MIN TYP MAX 

4 0.47 2 
mV 

6 4 

29 3.2 29 JlV/"C 

100 6 100 pA 

1.4 1.4 nA 

175 20 175 pA 

5 5 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.9 

13.8 14.1 

13.7 

13.5 13.9 
V 

13.4 

11.5 12.3 

11.5 

-13.8 -14.2 

-13.7 

-13.5 -14 
V 

-13.4 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 
dB 

89 

95 118 

94 

1012 0 

7.5 
pF 

2.5 

80 Q 

80 98 
dB 

79 

82 99 
dB 

81 



TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE2071C electrical characteristics at specified free-air temperature, Vcc+ = ±15 V (unless 
otherwise noted) (continued) -

TLE2071C TLE2071AC 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

25°C 1.35 1.7 2.2 1.35 1.7 
ICC Supply current VO=O, No load 

Full range 2.2 

Short-circuit output IVID=1 V -30 -45 -30 -45 
lOS VO=O 25°C current IVID=-1 V 30 48 30 48 

t Full range is O°C to 70°C. 

TLE2071C operating characteristics at specified free-air temperature, Vcc± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distortion 
THD+N 

plus noise 

B1 Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

<l>m 
Phase margin at unity 
gain 

t Full range IS O°C to 70°C. 

TLE2071C 
TEST CONDITIONS TAt 

MIN 

25°C 30 

Full 
VO(PP) = 10 V, AVD=-1, 27 

range 
RL=2kn, CL = 100 pF, 

25°C 30 See Figure 1 
Full 

range 27 

AVD=-1, To 10 mV 
10-V step, 

25°C 
RL=1kn, 

T01 mV 
CL=100pF 

f= 10 Hz 
25°C 

f=10kHz 

RS=20Q, f= 10Hzto 
See Figure 3 10 kHz 

25°C 
f= 0.1 Hz to 

10 Hz 

VIC=O, f= 10kHz 25°C 

VO(PP) = 20 V, AVD = 10, 
f= 1 kHz, RL=2kn, 25°C 
RS=25Q 

VI=10mV, RL=2kQ, 
25°C 8 

CL= 25 pF, See Figure 2 

VO(PP) = 20 V, AVD = -1, 
RL=2kn, CL=25pF 

25°C 478 

VI=10mV, RL=2kQ, 
25°C CL= 25 pF, See Figure 2 

~TEXAS 
INSTRUMENTS 

TYP 

40 

45 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

10 

637 

57° 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

TLE2071AC 

MAX MIN TYP 

30 40 

27 

30 45 

27 

0.4 

1.5 

55 28 

17 11.6 

6 

0.6 

2.8 

0.008% 

8 10 

478 637 

57° 

UNIT 
MAX 

2.2 
mA 

2.2 

mA 

UNIT 
MAX 

V//ls 

V//ls 

/ls 

55 

17 
nV.JHz 

/lV 

fN.JHz 

MHz 

kHz 
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TLE207x, TLE207xA,TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2071I electrical characteristics at specified free-air temperature, V cc± = ±5 V (unless otherwise 
noted) . 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO 01 input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

I"j Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio (AVCC±/AVIO) 

t Full range IS -40°C to 85°C. 

6-168 

TEST CONDITIONS TAt 
MIN 

25°C 

VIC=O, VO=O, Full range 
RS=50n, 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

5 
25°C to 

-1 
Rs=50n 

5 
Full range to 

-0.8 

25°C 3.8 
10 = -200 iJ.A 

Full range 3.7 

25°C 3.5 
10=-2mA 

Full range 3.4 

25°C 1.5 
10=-20mA 

Full range 1.5 

25°C -3.8 
10 = 200 iJ.A 

Full range -3.7 

25°C -3.5 
10=2mA 

Full range -3.4 

25°C -1.5 
10=20mA 

Full range -1.5 

25°C 80 
RL=6oon 

Full range 79 

25°C 90 
VO=±2.3V RL=2 kn 

Full range 89 

25°C 95 
RL=10kn 

Full range 94 

VIC=O 25°C 

Common 
25°C VIC=O, mode 

See Figure 5 
Differential 25°C 

1= 1 MHz 25°C 

VIC = VICRmin, 25°C 70 

VO=O, RS=50n Full range 68 

VCC± = ±5 V to ±15 V, 25°C 82 

VO=O, RS=50n Full range 80 

~TEXAS 
INSTRUMENTS 

TLE20711 

TYP 

0.34 

3.2 

5 

15 

5 
to 

-1.9 

4.1 

3.9 

2.3 

-4.2 

-4.1 

-2.4 

91 

100 

106 

1012 

11 

2.5 

80 

89 

99 

post OFFICE BOX 655303 • DALLAS. tEXAS 75265 

TLE2071AI 
UNIT 

MAX MIN TYP MAX 

4 0.3 2 
mV 

7.6 5.6 

29 3.2 29 llV/oC 

100 5 100 pA 

5 5 nA 

175 15 175 pA 

10 10 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.8 

3.8 4.1 

3.7 

3.5 3.9 
V 

3.4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 
V 

-3.4 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 
dB 

89 

95 106 

94 

1012 n 

11 
pF 

2.5 

80 n 

70 89 
dB 

68 

82 99 
dB 

80 



TLE207x,TLE207xA, TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2071I electrical characteristics at specified free-air temperature, Vcc± = ±5 V (unless otherwise 
noted) (continued) 

TLE2071I TLE2071AI 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

25°C 1.35 1.6 2.2 1.35 1.6 
ICC Supply current VO=O, No load 

Full range 2.2 

Short-circuit output IVID= 1 V -35 -35 
lOS VO=O 25°C 

current IVID=-1 V 45 45 

t Full range IS -40°C to 85°C. 

TLE20711 operating characteristics at specified free-air temperature, VCC+ = ±5 V -

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) inpu1 noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distortion 
THD+N 

plus noise 

B1 Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

<1>m Phase margin at unity gain 

t Full range IS -40°C to 85°C. 

TEST CONDITIONS TAt 
MIN 

25°C 

Full 
VO(PP) = ±2.3 V, range 
AVD=-1, RL=2kn, 

25°C CL = 100 pF, See Figure 1 
Full 

range 

AVD=-1, To 10mV 
2-V step, 

25°C 
RL= 1 kQ, 
CL=100pF 

T01 mV 

1= 10 Hz 
25°C 

1=10kHz 

RS=20Q, 1= 10Hz to 
See Figure 3 10kHz 

25°C 
1= 0.1 Hz to 

10Hz 

VIC=O, 1= 10kHz 25°C 

VO(PP) = 5 V, AVD = 10, 
1= 1 kHz, RL=2kn, 25°C 
RS=25Q 

VI=10mV, RL=2kQ, 
25°C 

CL = 25 pF, See Figure 2 

VO(pp)=4V, AVD=-1, 
RL=2kn, CL=25pF 

25°C 

VI=10mV, RL=2kQ, 
25°C 

CL=25pF, Sea Figure 2 

, 

~TEXAS 
INSTRUMENTS 

22 

22 

TLE2071I 

TYP 

35 

38 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 
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TLE2071AI 

MAX MIN TYP 

35 

22 

38 

22 

0.25 

0.4 

55 28 

17 11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

2.2 
rnA 

2.2 

rnA 

UNIT 
MAX 

V/~ 

V/~ 

~ 

55 

17 
nV/1Hz 

I1V 

lA/1Hz 

MHz 

MHz 
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TLE207x, TLE207xA, TLE207xV 
EXCALIBU'R LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2071I electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

q Input resistance 

ci Input capacitance 

zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
kaVR ratio (AVCC±/AVIO) 

t Full range IS -40°C to 85°C. 

6-170 

TAt 
TLE2071I 

TEST CONomONS 
MIN 

25°C 

VIC=O, VO=O, Full range 
RS=50Q, 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

15 
25°C to 

-11 
RS=50Q 

15 
Full range to 

-10.8 

25°C 13.8 
10 =-200 flA 

Full range 13.7 

25°C 13.5 
10=-2mA 

Full range 13.4 

25°C 11.5 
10=-20mA 

Full range 11.5 

25°C -13.8 
10= 200flA 

Full range -13.7 

25°C -13.5 
10=2mA 

Full range -13.4 

25°C -11.5 
10=20mA 

Full range -11.5 

25°C 80 
RL=600Q 

Full range 79 

25°C 90 
VO=±10V RL=2kQ 

Full range 89 

25°C 95 
RL=10kQ 

Full range 94 

VIC=O 25°C 

Common 
25°C VIC=O, mode 

See Figure 5 
Differential 25°C 

f=l MHz 25°C 

VIC = VICRmin, 25°C 80 
VO=O, 
RS=50Q Full range 79 

VCC±=±5Vto±15V, 25°C 82 

VO=O, RS=50Q Full range 80 

~TEXAS 
INSTRUMENTS 
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TYP 

0.49 

3.2 

6 

20 

15 
to 

-11.9 

14.1 

13.9 

12.3 

-14.2 

-14 

-12.4 

96 

109 

118 

1012 

7.5 

2.5 

80 

98 

99 

TLE2071AI 
UNIT 

MAX MIN TYP MAX 

4 0.47 2 
mV 

7.6 5.6 

29 3.2 29 flV/oC 

100 6 100 pA 

5 5 nA 

175 20 175 pA 

10 10 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.8 

13.8 14.1 

13.7 

13.5 13.9 
V 

13.4 

11.5 12.3 

11.5 

-13.8 -14.2 

-13.7 

-13.5 -14 
V 

-13.4 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 
dB 

89 

95 118 

94 

1012 Q 

7.5 
pF 

2.5 

80 Q 

80 98 
dB 

79 

82 99 
dB 

80 



TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE20711 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) (continued) 

TLE2071I TLE2071AI 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

25°C 1.35 1.7 2.2 1.35 1.7 
ICC Supply current VO=O, No load 

Full range 2.2 

Short-cIrcuit output IVlo= 1 V -30 -45 -30 -45 
lOS current VO=O I VIO=-1 V 

25°C 
30 48 30 48 

t Full range IS -40°C to 85°C. 

TLE2071I operating characteristics at specified free-air temperature, Vcc± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

Is Settling time 

Equivalent input noise 
Vn voltage 

Peak-ta-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distortion 
THO+N plus noise 

Bl Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

!jim Phase margin at unity gain 

t Full range IS -40°C to asoC. 

TEST CONDITIONS TAt 
MIN 

25°C 30 

Full 
VO(pp)=±10V, 24 

range 
AVO=-I, RL=2kn, 

25°C 30 CL = 100 pF, See Figure 1 
Full 

range 
24 

AVO=-I, To 10mV 
10-Vstep, 

25°C 
RL=Ikn, 
CL= 100pF Tol mV 

1=10Hz 

1=10kHz 
25°C 

RS=20n. 1=10Hzto 
See Figure 3 10kHz 

1= 0.1 Hz to 
25°C 

10 Hz 

VIC=O, 1= 10 kHz 25°C 

VO(PP) = 20 V, AVO = 10, 
1=1 kHz, RL=2kn, 25°C 
RS=250 

VI = 10 mV, RL=2 kn, 
25°C 8 CL=25pF, See Figure 2 

VO(PP) = 20 ii, AVO = -I, 
RL=2kn, CL=25pF 25°C 478 

VI = 10 mV, RL=2kn, 25°C 
CL=25pF, See Figure 2 

~TEXAS 
INSTRUMENTS 

TLE2071I 

TYP 

40 

45 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

10 

637 

57° 
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TLE2071AI 

MAX MIN TYP 

30 40 

24 

30 45 

24 

0.4 

1.5 

55 28 

17 11.6 

6 

0.6 

2.8 

0.008% 

8 10 

478 637 

57° 

UNIT 
MAX 

2.2 
mA 

2.2 

mA 

MAX 
UNIT 

VlflS 

V/flS 

flS 

55 
nV/VHz 

17 

ILV 

lAIVHz 

MHz 

kHz 
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TLE207x,TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SlOS181 - FEBRUARY 1997 

TLE2071M electrical characteristics at specified free-air temperature, Vcc± = ±5 V (unless 
otherwise noted) 

TLE2071M 
PARAMETER TEST CONDITIONS TAt 

MIN TYP 

25°C 0.34 
VIO Input offset voltage 

VIC=O, VO=O, Full range 

Temperatura coefficient RS=50n, 
avlO of input offset voltage 

Full range 3.2 

25°C 5 
110 Input offset current 

Full range VIC=O, VO=O, 
See Figura 4 25°C 15 

liB Input bias currant 
Full range 

5 5 
25°C to to 

Common-mode input -1 -1.9 
VICR Rs=50n voltage range 5 

Full range to 
-0.8 

25°C 3.8 4.1 
10 =-200 IlA 

Full range 3.6 

Maximum positive peak 25°C 3.5 3.9 
VOM+ 10=-2mA output voltage swing Full range 3.3 

25°C 1.5 2.3 
10=-20mA 

Full range 1.4 

25°C -3.8 -4.2 
10 =200 IlA 

Full range ~3.6 

Maximum negative peak 25°C -3.5 -4.1 
VOM- 10=2mA output voltage swing Full range -3.3 

25°C -1.5 -2.4 
10=20mA 

Full range -1.4 

25°C 80 91 
RL=600n 

Full range 78 

Large-signal differential 25°C 90 100 
AVO VO=±2.3V RL=2kn voltage amplification Full range 88 

25°C 95 106 
RL=10kn 

Full range 93 

ri Input resistance VIC=O 25°C 1012 

Common 
25°C 11 VIC=O, mode ci Input capacitance See Rgure5 

Differential 25°C 2.5 

Zo 
Open-loop output 

f= 1 MHz 25°C 80 impedance 

Common-mode VIC = VICRmin, 25°C 70 89 
CMRR 

rajection ratio VO=O, RS=50n Full range 68 

Supply-voltage rejection VCC± = ±5 V to ±15 V, 25°C 82 99 
kgVR ratio (.1VCC±/.1VIO) VO=O, RS=50n Full range 80 

·On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not production tested. 
t Full range is -55°C to 125°C. 
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TLE2071AM 
UNIT 

MAX MIN TYP MAX 

4 0.3 2 
mV 

9.2 7.2 

29" 3.2 29" Ilvrc 

100 5 100 pA 

20 20 nA 

175 15 175 pA 

60 60 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.8 

3.8 4.1 

3.6 

3.5 3.9 
V 

3.3 

1.5 2.3 

1.4 

-3.8 -4.2 

-3.6 

-3.5 -4.1 
V 

-3.3 

-1.5 -2.4 

-1.4 

80 91 

78 

90 100 
dB 

88 

95 106 

93 

1012 n 

11 
pF 

2.5 

80 n 

70 89 
dB 

68 

82 99 
dB 

80 



TLE207x,TLE2Q7xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE2071M electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 

TLE2071M TLE2071AM 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

25°C 1.35 1.6 2.2 1.35 1.6 
ICC Supply currant VO=O, No load 

Full range 2.2 

Short-circuit output I VIO= 1 V -35 -35 
lOS current VO=O 

IVIO=-1 V 
25°C 

45 45 

t Full range IS -55°C to 125°C. 

TLE2071M operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER TEST CONDITIONS TAt 
TLE2071M 

MIN tyP 

25°C 35 

SR+ Positive slew rate Full 
20' VO(PP) = ±2.3 V, range 

AVO=-1, RL=2 k.Q, 
25°C 38 CL = 100 pF, See Figure 1 

SR- Negative slew rate Full 
range 20' 

AVO=-1, T010mV 0.25 

Is Settling time 2-V step, 
25°C 

RL = 1 k.Q, 
CL=100pF 

T01 mV 0.4 

Equivalent input noise f=10Hz 28 
Vn 25°C 

voltage f= 10kHz 11.6 

RS=20n. f= 10Hzto 
6 

Peak-to-peak equivalent See Figure 3 10kHz 
VN(PP) 25°C input noise voltage f= 0.1 Hz to 

0.6 
10 Hz 

In 
Equivalent input noise 

VIC=O, f= 10kHz 25°C 2.8 
current 

Total harmonic distortion VO(pp)=5V, AVO = 10, 
THO+N 

plus noise 
f= 1 kHz, RL = 2 k.Q, 25°C 0.013% 
RS=250 

B1 Unity-gain bandwidth VI=10mV, RL = 2 k.Q, 25°C 9.4 CL=25pF, See Figure 2 

BOM 
Maximum output-swing VO(pp)=4V, AVO=-1, 25°C 2.8 bandwidth RL=2kn, CL=25pF 

cIlm 
Phase margin at unity VI=10mV, RL = 2 k.Q, 25°C 56° 
gain CL=25pF, See Figure 2 

*On products compliant to MIL-PRF-38535,Class B, this parameter is not production tested. 
t Full range is -55°C to 125°C. 

~TEXAS 
INSTRUMENTS 
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TLE2071AM 

MAX MIN TYP 

35 

20' 

38 

20' 

0.25 

0.4 

55' 28 

17' 11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

2.2 
mA 

2.2 

mA 

UNIT 
MAX 

V/IJS 

V/IJS 

IJS 

55' 
nV/VHz 

17' 

IlV 

fA/VHz 

MHz 

MHz 

6-173 



TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED. 
JFET-INPUTOPERATIONALAMPLIFIERS 
SlOS18l - FEBRUARY 1997 

TLE2071M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) - . 

TLE2071M 
PARAMETER TEST CONDITIONS TAt 

MIN TYP 

VIO Input offset vo~age 
VIC=O, VO=O, 

25°C 0.49 

Full range 

Temperature coefficient RS=50Q 
aVIO of input offset voltage 

. Full range 3.2 

25°C 6 
110 Input offset current 

Full range VIC=O, VO=O, 
See Figure 4 25°C 20 

liB Input bias current 
Full range 

15 15 
25°C to to 

Common-mode input -11 -11.9 
VICR RS=50Q 

voltage range 15 
Full range to 

-10.9 

25°C 13.8 14.1 
10 =-200 IIA 

Full range 13.6 

Maximum positive peak 25°C 13.5 13.9 
VOM+ 10=-2mA 

output voltage swing Full range 13.3 

25°C 11.5 12.3 
10 =-20 mA 

Full range 11.4 

25°C -13.8 -14.2 
10 = 200 IIA 

Full range -13.6 

Maximum negative peak 25°C -13.5 -14 
VOM- 10=2mA 

output voltage swing Full range -13.3 

25°C -11.5 -12.4 
10=20mA 

Full range -11.4 

25°C 80 96 
Rl=600Q 

Full range 78 

Large-signal differential 25°C 90 109 
AVD voltage amplification 

VO=±10V RL=2kQ 
Full range 88 

25°C 95 118 
RL= 10kQ 

Full range 93 

q Input resistance VIC=O 25°C 1012 

Common 
25°C 7.5 VIC=O, mode ci Input capacitance See Figure 5 

Differential 25°C 2.5 

Zo 
Open-loop output 

f= 1 MHz 25°C 80 impedance 

Common-mode VIC = VICRmin, 25°C 80 98 
CMRR 

rejection ratio VO=O, RS=50Q Full range 78 

kSVR 
Supply-voltage rejection VCC±=±5 Vto±15 V, 25°C 82 99 
ratio (IlVCC±/IlVIO) VO=O, RS=50Q Full range 80 

*On products compliant to MIL-PRF-38535, Class B, thiS parameter is not production tested. 
t Full range is -55°C to 125°C. 
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TLE2071AM 
UNIT 

MAX MIN TYP MAX 

4 0.47 2 
mV 

9.2 7.2 

29" 3.2 29" IJ.Y/°C 

100 6 100 pA 

20 20 nA 

175 20 175 pA 

60 60 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.9 

13.8 14.1 

13.6 

13.5 13.9 
V 

13.3 

11.5 12.3 

11.4 

-13.8 -14.2 

-13.6 

-13.5 -14 
V 

-13.3 

-11.5 -12.4 

-11.4 

80 96 

78 

90 109 
dB 

88 

95 118 

93 

1012 Q 

7.5 
pF 

2.5 

80 Q 

80 98 
dB 

78 

82 99 
dB 

80 



TLE207x, TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2071M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -

TLE2071M TLE2071AM 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

25°C 1.35 1.7 2.2 1.35 1.7 
ICC Supply current VO=O, No load 

Full range 2.2 

IVIO=1 V -30 -45 -30 -45 
lOS Short-circuit output current VO=O 

IVIO=-1 V 
25°C 

30 48 30 48 

t Full range IS -55°C to 125°C. 

TLE2071M operating characteristics at specified free-air temperature, Vcc+ = ±15 V -
TLE2071M 

PARAMETER TEST CONDITIONS TAt 
MIN TYP 

25°C 30 40 

SR+ Positive slew rate Full 
VO(pp)=10V, AVO=-I, 22 

range 
RL=2kQ, CL = 100 pF, 

25°C 30 45 See Figure 1 
SR- Negative slew rate Full 

range 
22 

AVO=-I, To 10mV 0.4 

Is Settling time 
IO-V step, 

25°C 
RL = 1 k.Q, 
CL=100pF 

Tol mV 1.5 

Equivalent input noise f=10Hz 28 
Vn 25°C 

voltage f=10kHz 11.6 

RS=20Q, f=10Hzto 
6 

Peak-to-peak equivalent See Figure 3 10 kHz 
VN(PP) 25°C 

input noise voltage f= 0.1 Hz to 
0.6 

10 Hz 

In 
Equivalent input noise 

VIC=O, f=10kHz 25°C 2.8 
current 

Total harmonic distortion VO(PP) = 20 V, AVO = 10, 
25°C THO+N 

plus noise 
f= 1 kHz, RL=2k.Q, 0.008% 
RS=25Q 

B1 Unity-gain bandwidth VI=10mV, RL = 2 k.Q, 
25°C 8* 10 

CL=25 pF, See Figure 2 

BaM 
Maximum output-swing VO(pp)=20V, AVO=-I, 25°C 478* 637 
bandwidth RL=2kQ, CL=25pF 

cjIm 
Phase margin at unity VI=10mV, RL = 2 k.Q, 

25°C 57° 
gain CL=25 pF, See Figure 2 

'On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested. 
t Full range is -55°C to 125°C. 

~TEXAS 
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TLE2071AM 

MAX MIN TYP 

30 40 

22 

30 45 

22 

0.4 

1.5 

55* 28 

17' 11.6 

6 

0.6 

2.8 

0.008% 

8' 10 

478' 637 

57° 

UNIT 
MAX 

2.2 
rnA 

2.2 

rnA 

UNIT 
MAX 

V/!J.s 

V/!J.s 

JJ.S 

55' 
nVlv'Hz 

17* 

!J.V 

fAlv'Hz 

MHz 

kHz 
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TLE207x,TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE2071Yelectricai characteristics at VCC+ = ±15 V, TA = 25°C -

VIO 

110 

liB 

VICR 

VOM+ 

VOM-

AVO 

'1 

ci 

zo 

CMRR 

kSVR 

ICC 

lOS 

6-176 

PARAMETER TEST CONDITIONS 

Input offset voltage VIC=O, VO=O, RS=50n 

Input offset current 

Input bias current 
VIC =0, VO=O, See Figure 4 

Common-mode input voltage range RS=50n 

10 = -200 IJ.A 
Maximum positive peak output vo~age swing 10=-2mA 

10=-20mA 

10 = 200 IJ.A 
Maximum negative peak output voltage swing 10=2mA 

10=20mA 

RL=600n 

Large-signal differential vo~ge amplification VO=± 10V RL=2kn 

RL= 10kn 

Input resistance VIC=O 

VO=O, Common mode 
Input capacitance 

See Figure 5 Differential 

Open-loop output impedance f= 1 MHz 

Common-mode rejection ratio VIC = VICRmin, VO=O, 
RS=50n 

Supply-voltage rejection ratio (aVCC±laVIO) 
VCC±=±5Vto±15V, VO=O, 
RS=50n 

Supply current VO=O, No load 

VIO=1 V 
Short-circutt output current VO=O 

VIO=-1 V 

~TEXAS 
INSTRUMENTS 
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TLE2071Y 

MIN TVP MAX UNIT 

0.49 4 mV 

6 100 pA 

20 175 pA 

15 15 
to to V 

-11 11.9 

13.8 14.1 

13.5 13.9 V 

11.5 12.3 

-13.8 -14.2 

-13.5 -14 V 

-11.5 -12.4 

80 96 

90 109 dB 

95 118 

1012 n 

7.5 

2.5 
pF 

80 n 

80 98 dB 

82 99 dB 

1.35 1.7 2.2 mA 

-30 -45 
mA 

30 4B 



TLE207x, TLE207xA, TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2072C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
<XVIO of input offset voltage 

110 Input offset current 

lIB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVO voltage amplification 

rj Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio(aVCC±laVIO) 

t Full range IS O°C to 70°C. 

TLE2072C 
TEST CONDITIONS TAt 

MIN 

25°C 

VIC=O, VO=O, Full range 
RS=50Q 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

5 
25°C to 

-1 
RS=50Q 

5 
Full range to 

-0.9 

25°C 3.8 
10 = -200 tJ.A 

Full range 3.7 

25°C 3.5 
10=-2mA 

Full range 3.4 

25°C 1.5 
10=-20mA 

Full range 1.5 

25°C -3.8 
10 = 200 tJ.A 

Full range -3.7 

25°C -3.5 
10=2mA 

Full range -3.4 

25°C -1.5 
10=20mA 

Full range -1.5 

25°C 80 
RL=600Q 

Full range 79 

25°C 90 
VO=±2.3 V RL=2 kQ 

Full range 89 

25°C 95 
RL=10kQ 

Full range 94 

VIC=O 25°C 

Common 
25°C VIC=O, mode 

See Figure 5 
Differential 25°C 

f=l MHz 25°C 

VIC = VICRmin, 25°C 70 

VO=O, RS=50Q Full range 68 

VCC± = ±5 V to ±15 V, 25°C 82 

VO=O, RS=50Q Full range 80 

-!!1TEXAS 
INSTRUMENTS 
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TYP 

0.9 

2.3 

5 

15 

5 
to 

-1.9 

4.1 

3.9 

2.3 

-4.2 

-4.1 

-2.4 

91 

100 

106 

1012 

11 

2.5 

80 

89 

99 

TLE2072AC 
UNIT 

MAX MIN TYP MAX 

6 0.65 3.5 
mV 

7.8 5.3 

25 2.3 25 tJ.V/oC 

100 5 100 pA 

1.4 1.4 nA 

175 15 175 pA 

5 5 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.9 

3.8 4.1 

3.7 

3.5 3.9 
V 

3.4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 
V 

-3.4 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 
dB 

89 

95 106 

94 

1012 Q 

11 
pF 

2.5 

80 Q 

70 89 
dB 

68 

82 99 
dB 

80 
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TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2072C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 
(continued) 

TLE2072C TLE2072AC 
PARAMETER TEST CONDITIONS TA MIN TYP MAX MIN TYP 

Supply current 25°C 2.7 2.9 3.6 2.7 2.9 
ICC VO=O, No load 

(both channels) Full range 3.6 

ax Crosstalk attenuation VIC=O, RL=2 kn 25°C 120 120 

Short-circuit output IVlo= 1 V -35 -35 
lOS VO=O 25°C 

current IVID=-1 V 45 45 

TLE2072C operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equiva-
VN(PP) lent 

input noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distor-
THO+N tion 

plus noise 

Bl Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

cjlm 
Phase margin at unity 
gain 

t Full range IS O°C to 70°C. 
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TEST CONDITIONS TAt 
MIN 

25°C 

Full 
VO(PP) = ±2.3 V, 22 

range 
AVO = -I, RL=2kn, 

25°C CL= 100pF, See Figure 1 
Full 

range 
22 

AVO=-I, To 10mV 
2-Vstep, 25°C 
RL= 1 kn, 

Tol mV 
CL= l00pF 

f = 10 Hz 
25°C 

f= 10 kHz 

RS=20n. f= 10Hzto 
See Figure 3 10kHz 

25°C 
f= 0.1 Hz to 

10 Hz 

VIC=O, f=10kHz 25°C 

VO(pp)=5V, AVD=10, 
f=lkHz, RL=2kn, 25°C 
RS=25Q 

VI=10mV, RL=2 kn, 
25°C 

CL=25 pF, See Figure 2 

VO(pp)=4 V, AVO=-I, 25°C 
RL=2kQ, CL=25pF 

VI=10mV, RL=2 kn, 
25°C CL=25pF, See Figure 2 

~TEXAS 
INSTRUMENTS 

TLE2072C 

TYP 

35 

38 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

POST OFFICE eox 655303 • DAUAS, TEXAS 75265 

TLE2072AC 

MAX MIN TYP 

35 

22 

38 

22 

0.25 

0.4 

55 28 

17 11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

3.6 
mA 

3.6 

dB 

mA 

MAX 
UNIT 

VlJJS 

V/JJS 

JJS 

55 
nVNRZ 

17 

I1V 

fA/-JFiZ 

MHz 

MHz 



TLE207x, TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2072C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVO 

volt~ge amplification 

ri Input resistance 

ci Input capacitance 

zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio (Ll.VCC±/Ll.VIO) 

t Full range is O°C to 70°C. 

TEST CONDITIONS 
TLE2072C 

TAt 
MIN 

25°C 

VIC=O. VO=O. Full range 
RS=50Q 

Full range 

25°C 

VIC=O. VO=O. Full range 

See Figure 4 25°C 

Full range 

15 
25°C to 

-11 
RS=50Q 

15 
Full range to 

-10.9 

25°C 13.8 
10=-200 flA 

Full range 13.6 

25°C 13.5 
10=-2mA 

Full range 13.4 

25°C 11.5 
lo=-20mA 

Full range 11.5 

25°C -13.8 
10 = 200 flA 

Full range -13.7 

25°C -13.5 
IO=2mA 

Full range -13.4 

25°C -11.5 
10=20mA 

Full range -11.5 

25°C 80 
RL=600Q 

Full range 79 

25°C 90 
VO=±10V RL=2kQ 

Full range 89 

25°C 95 
RL= 10 kQ 

Full range 94 

VIC=O 25°C 

Common 
25°C VIC=O. mode 

See Figure 5 
Differential 25°C 

f=1 MHz 25°C 

VIC = VICRmin. 25°C 80 

VO=O. RS=50Q Full range 79 

VCC± = ±5 V to ±15 V. 25°C 82 

VO=O. RS=50Q Full I\9nge 81 

~TEXAS 
INSTRUMENTS 

TYP 

1.1 

2.4 

6 

20 

15 
to 

-11.9 

14.1 

13.9 

12.3 

-14.2 

-14 

-12.4 

96 

109 

118 

1012 

7.5 

2.5 

80 

98 

99 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TLE2072AC 
UNIT 

MAX MIN TVP MAX 

6 0.7 3.5 
mV 

7.8 5.3 

25 2.4 25 IlV/oC 

100 6 100 pA 

1.4 1.4 nA 

175 20 175 pA 

5 5 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.9 

13.8 14.1 

13.6 

13.5 13.9 
V 

13.4 

11.5 12.3 

11.5 

-13.8 -14.2 

-13.7 

-13.5 -14 
V 

-13.4 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 
dB 

89 

95 118 

94 

1012 Q 

7.5 
pF 

2.5 

80 Q 

80 98 
dB 

79 

82 99 
dB 

81 
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TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW~NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181-FEBRUARY 1997 

TLE2072C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -:-. 

TLE2072C TLE2072AC 
PARAMETER TEST CONDITIONS TA MIN TYP MAX MIN TYP 

Supply current 25°C 2.7 3.1 3.6 2.7 3.1 
ICC Vo=O, No load 

(both channels) Full range 3.6 

ax Crosstalk attenuation VIC=O, RL=2kn 25°C 120 120 

IVlo=l V -30 -45 -30 -45 
lOS Short-circuit output current VO=O 25°C 

IVID=-l V 30 46 30 48 

TLE2072C operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak 
VN(PP) equivalent input noise 

voltage 

In 
Equivalent input noise 
current 

Total harmonic 
THo+N 

distortion plus noise 

Bl Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

«Pm 
Phase margin at unity 
gain 

t Full range is O°C to 70°C. 
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TEST CONDITIONS TAt 

VO(PP) = 10 V, 
AVo=-l, 
CL= 100pF, 

AVo=-l, 
10-V step, 
RL = 1 k.Q, 
CL= l00pF 

RS=20Q. 
See Figure 3 

VIC=O, 

VO(PP) = 20 V, 
f=lkHz, 
RS=25n 

VI=10mV, 
CL=25pF, 

VO(PP) = 20 V, 
RL = 2 k.Q, 

VI=10mV, 
CL=25pF, 

MIN 

25°C 28 

Full 
25 

range 
RL=2kn, 

25°C 30 See Figure 1 
Full 

range 
25 

Tol0mV 
25°C 

Tol mV 

f = 10 Hz 
25°C 

f= 10kHz 

f =10Hzto 
10kHz 

25°C 
f= 0.1 Hzto 

10 Hz 

f=10kHz 25°C 

AVO = 10, 
RL=2kn, 25°C 

RL=2kn, 
25°C 8 

See Figure 2 

AVo=-l, 
25°C 478 

CL=25pF 

RL = 2 k.Q, 
25°C See Figure 2 

~TEXAS 
INSTRUMENTS 

TLE2072C 

TYP 

40 

45 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

10 

637 

57° 
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TLE2072AC 

MAX MIN TYP 

28 40 

25 

30 45 

25 

0.4 

1.5 

55 28 

17 11.6 

6 

0.6 

2.8 

0.008% 

·8 10 

478 637 

57° 

UNIT 
MAX 

3.6 
rnA 

3.6 

dB 

rnA 

UNIT 
MAX 

V/fJS 

V/fJS 

fJS 

55 

17 
nV/-.JHz 

J.lV 

fA/-.JHz 

MHz 

kHz 



TLE207x, TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE20721 electrical characteristics at specified free~air temperature, VCC± = ±5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
avlO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

I'j Input resistance 

Ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
kSVR ratio (.1VCC+/.1VIO) 

t Full range IS -40°C to 85°C. 

TEST CONDITIONS TAt 
MIN 

25°C 

VIC=O, VO=O, Full range 
RS=50n, 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

5 
25°C to 

-1 
Rs=50n 

5 
Full range to 

-0.8 

25°C 3.8 
10 =-200jlA 

Full range 3.7 

25°C 3.5 
10=-2mA 

Full range 3.4 

25°C 1.5 
10=-20mA 

Full range 1.5 

' .. 25°C -3.8 
10 = 200 jlA 

Full range -3.7 

25°C -3.5 
10=2mA 

Full range -3.4 

25°C -1.5 
10=20mA 

Full range -1.5 

25°C 80 
RL=600n 

Full range 79 

25°C 90 
VO=±2.3V RL=2 kn 

Full range 89 

25°C 95 
RL=10kn 

Full range 94 

VIC=O 25°C 

Common 
25°C VIC=O, mode 

See Figure 5 
Differential 25°C 

f=l MHz 25°C 

VIC = VICRmin, 25°C 70 

VO=O, RS=50n Full range 68 

VCC± = ±5 V to ±15 V, 25°C 82 

VO=O, RS=50n Full range 80 

~TEXAS 
INSTRUMENTS 

TLE20721 

TYP 

0.9 

2.4 

5 

15 

5 
to 

-1.9 

4.1 

3.9 

2.3 

-4.2 

-4.1 

-2.4 

91 

100 

106 

1012 

11 

2.5 

80 

89 

99 
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TLE2072AI 
UNIT 

MAX MIN TYP MAX 

6 0.65 3.5 
mV 

9.1 6.4 

25 2.4 25 jlV/oC 

100 5 100 pA 

5 5 nA 

175 15 175 pA 

10 10 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.8 

3.8 4.1 

3.7 

3.5 3.9 
V 

3.4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 
V 

-3.4 

-1.5 -2.4 

-1.5 

'80 91 

79 

90 100 
dB 

89 

95 106 

94 

1012 n 

11 
pF 

2.5 

80 n 

70 89 
dB 

68 

82 99 
dB 

80 
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TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE20721 electrical characteristics at sp~cified free-air temperature, V cc± = ±5 V (unless otherwise 
noted) (continued) 

TLE20721 nE2072AI 
PARAMETER TEST CONDITIONS TA MIN TYP MAX MIN TYP 

Supply current 25°C 2.7 2.9 3.6 2.7 2.9 
ICC (both channels) VO=O, No load 

Full range 3.6 

ax Crosstalk attenuation VIC=O, RL=2 kil 25°C 120 120 

IVIO=l V -35 -35 
lOS Short-circuit output current VO=O 

IVIO=-l V 
25°C 

45 45 

TLE20721 operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER 

SR+ Pos~ive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-te-peak 
VN(PP) equivalent input 

noise voltage 

In 
Equivalent input noise 
current 

Total harmonic 
THO+N 

distortion plus nOise 

Bl Unity-gain bandwidth 

BOM 
Maximum output-
swing bandwidth 

«Pm 
Phase margin at unity 
gain 

t Full range IS 40°C to 85°C. 

6-182 

TEST CONDITIONS TAt 
MIN 

25°C 

Full 
VO(PP) = ±2.3 V, range 

20 

AVO =-1, RL = 2 kn, 
25°C CL = 100 pF, See Figure 1 
Full 

range 20 

AVO=-l, Tol0mV 
2-V step, 

25°C 
RL = 1 kil, 

Tol mV 
CL=100pF 

1 = 10 Hz 

1=10kHz 
25°C 

RS=20Q. 1= 10Hzto 
See Figure 3 10kHz 

25°C 
1= 0.1 Hz to 

10Hz 

VIC=O, 1=10kHz 25°C 

VO(pp)=5V, AVO =10, 
1=1 kHz, RL = 2 kil, 25°C 
RS=25n 

VI = 10mV, RL=2 kn, 25°C 
CL=25pF, See Figure 2 

VO(pp)=4V, AVO=-l, 25°C 
RL=2kil, CL=25pF 

VI=10mV, RL=2 kn, 
25°C CL=25pF, See Figure 2 

~I 'l TEXAS· 
NSTRUMENTS 

TLE20721 

TYP 

35 

38 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 
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TLE2072AI 

MAX MIN TYP 

35 

20 

38 

20 

0.25 

0.4 

55 28 

17 11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

3.6 
rnA 

3.6 

dB 

mA 

UNIT 
MAX 

V/I1S 

V/JJS 

JJS 

; 

55 
nV/;!Hz 

17 

ltV 

IA/;!Hz 

MHz 

MHz 



TLE207x, TLE207xA,TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOSI81- FEBRUARY 1997 

TLE20721 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

PARAMETER 

Via Input offset voltege 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltege swing 

Maximum negative peak 
VOM- output voltege swing 

Large-signal differential 
AVO voltege amplification 

ri Input resistence 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
kSVR ratio (.iVCC±/.iVIO) 

t Full range IS _40°C to 85°C. 

TEST CONDITIONS TAt 
MIN 

25°C 

VIC=O, VO=O, Full range 
RS=50n, 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Rgure4 25°C 

Full range 

15 
25°C to 

-11 
Rs=50n 

15 
Full range to 

-10.8 

25°C 13.8 
10 = -200 (J.A 

Full range 13.7 

25°C 13.5 
10=-2mA 

Full range 13.4 

25°C 11.5 
10=-20mA 

Full range 11.5 

25°C -13.8 
10 = 200 (J.A 

Full range -13.7 

25°C -13.5 
10=2mA 

Full range -13.4 

25°C -11.5 
10=20mA 

Full range -11.5 

25°C 80 
RL=600n 

Full range 79 

25°C 90 
VO=±10V RL=2kn 

Full range 89 

25°C 95 
RL= 10kn 

Full range 94 

VIC=O 25°C 

Common 
25°C VIC=O, mode 

See Figure 5 
Differential 25°C 

f= 1 MHz 25°C 

VIC = VICRmin, 25°C 80 

VO=O, RS=50n Full range 79 

VCC±=±5Vto±15V, 25°C 82 

VO=O, RS=50n Full range 80 

~TEXAS 
INSTRUMENTS 

TLE20721 

TYP 

1.1 

2.4 

6 

20 

15 
to 

-11.9 

14.1 

13.9 

12.3 

-14.2 

-14 

-12.4 

96 

109 

118 

1012 

7.5 

2.5 

80 

98 

99 
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TLE2072A1 
UNIT 

MAX MIN TYP MAX 

6 0.7 3.5 
mV 

9.1 6.4 

25 2.4 25 (lV/oC 

100 6 100 pA 

5 5 nA 

175 20 175 pA 

10 10 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.8 

13.8 14.1 

13.7 

13.5 13.9 
V 

13.4 

11.5 12.3 

11.5 

-13.8 -14.2 

-13.7 

-13.5 -~4 
V 

-13.4 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 
dB 

89 

95 118 

94 

1012 n 

7.5 
pF 

2.5 

80 n 

80 98 
dB 

79 

82 99 
dB 

80 

6-183 



TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE20721 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 
(continued) 

TLE20721 TLE2072AI 
PARAMETER TEST CONDITIONS TA UNIT 

MIN TYP MAX MIN TYP MAX 

Supply current 25°C 2.7 3.1 3.6 2.7 3.1 3.6 
ICC (both channels) VO=O, No load mA 

Full range 3.6 3.6 

ax Crosstalk attenuation VIC=O, RL=2kll 25°C 120 120 dB 

IVID= 1 V -30 -45 -30 -45 
lOS Short-circuit output current VO=O 

IVID=-1 V 
25°C rnA 

30 46 30 46 

TLE20721 operating characteristics at specified free-air temperature, VCC± = ±15 V 

TLE20721 TLE2072AI 
PARAMETER TEST CONDITIONS TAt UNIT 

MIN TYP MAX MIN TYP MAX 

25°C 28 40 28 40 

SR+ Positive slew rate Full V/IJS 
VO(pp)=±10V, range 

22 22 

AVD=-1, RL=2kn, 
25°C 30 45 30 45 CL= 100pF, See Figure 1 

SR- Negative slew rate Full V/IJS 
22 22 

range 

AVD=-1, To 10mV 0.4 0.4 

ts Settling time 10-V step, 
25°C IJS RL=1kn, 

T01 mV 1.5 1.5 
CL=100pF 

Equivalent input f=10Hz 28 55 28 55 
nVNHz Vn 25°C 

noise voltage f=10kHz 11.6 17 11.6 17 

RS=20Q, f=OHzto 
6 6 Peak-to-peak See Figure 3 10kHz 

VN(PP) equivalent input 25°C ~V 
noise voltage f= 0.1 Hz to 

0.6 0.6 
10Hz 

In 
Equivalent input 

VIC=O, f = 10kHz 25°C 2.8 2.8 fA/VHz 
noise current 

Total harmonic 
VO(PP) = 20 V, AVD = 10, 

THD+N 
distortion plus noise 

f= 1 kHz, RL=2kQ, 25°C 0.008% 0.008% 
RS=25n 

B1 Unity-gain bandwidth VI=10mV,. RL=2 kQ, 
25°C 8 10 8 10 MHz 

CL=25 pF, See Figure 2 

BOM 
Maximum output- VO(PP) = 20 V, AVD = -1, 25°C 478 637 478 637 kHz 
swing bandwidth RL=2kll, CL=25pF 

oilm 
Phase margin.at VI=10mV, RL=2 kn, 

25°C 57° 57° unity gain CL=25 pF, See Figure 2 

t Full range IS -40°C to 85°C. 

~1ExAs 
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TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW·NOISE HIGH·SPEED 

JFET·INPUT OPERATIONAL AMPLIFIERS 
SLOS181-FEBRUARY 1997 

TLE2072M electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 

TLE2072M 
PARAMETER TEST CONDITIONS TAt 

MIN TYP 

25°C 0.9 
V,O Input offset voltage 

V'C=O, VO=O, Full range 

Temperature coefficient RS=50n, 
aVIO of input offset voltage Full range 2.3 

25°C 5 
',0 Input offset current 

Full range V'C=O, VO=O, 
See Figure 4 25°C 15 

liB Input bias current 
Full range 

5 5 
25°C to to 

Common-mode input -1 -1.9 
V,CR Rs=50n voltage range 5 

Full range to 
-0.8 

25°C 3.8 4.1 
10 =-200 IlA 

Full range 3.6 

Maximum positive peak 25°C 3.5 3.9 
VOM+ '0=-2mA output voltage swing Full range 3.3 

25°C 1.5 2.3 
10 =-20 mA 

Full range 1.4 

25°C -3.8 -4.2 
10=200 IlA 

Full range -3.6 

Maximum negative peak 25°C -3.5 -4.1 
VOM- 10=2mA 

output voltage swing Full range -3.3 

25°C -1.5 -2.4 
'0=20mA 

Full range -1.4 

25°C 80 91 
RL=600n 

Full range 78 

Large-signal differential 25°C 90 100 
AVO voltage amplification 

Vo =±2.3 V RL=2kn 
Full range 88 

25°C 95 106 
RL=10kn 

Full range 93 

fj Input resistance V,C=O 25°C 1012 

Common 
25°C 11 V'C=O, mode ci Input capacitance See Figure 5 

Differential 25°C 2.5 

Zo 
Open-loop output 

f= 1 MHz 25°C 80 
impedance 

Common-mode V'C = V'CRmin, 25°C 70 89 
CMRR 

rejection ratio VO=O, RS=50n Full range 68 
'On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not producllOn tested. 
t Full range is -55°C to 125°C. 

~TEXAS 
INSTRUMENTS 
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TLE2072AM 

MAX MIN TVP MAX 
UNIT 

6 0.65 3.5 
mV 

10.5 8 

25' 2.3 25" /lVrC 

100 5 100 pA 

20 20 nA 

175 15 175 pA 

60 60 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.8 

3.8 4.1 

3.6 

3.5 3.9 
V, 

3.3 

1.5 2.3 

1.4 

-3.8 -4.2 

-3.6 

-3.5 -4.1 
V 

-3.3 

-1.5 -2.4 

-1.4 

80 91 

78 

90 100 
dB 

88 

95 106 

93 

1012 n 

11 
pF 

2.5 

80 n 

70 89 
dB 

68 

(H85 



TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE2072M electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) (continued) . 

TLE2072M TLE2072AM 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

ksVR 
Supply-voltage rejection VCC±=±5 Vto±15 V, 

Full range 80 80 
ratio (Ll.VCC± ILl.VIO) VO=O, RS=500 

Supply current 25°C 2.7 2.9 3.6 2.7 2.9 
ICC (both channels) VO=O, No load 

Full range 3.6 

ax Crosstalk attenuation VIC=O, RL=2 kil 25°C 120 120 

Short-circu~ output IVIO=1 V -35 -35 
lOS, current VO=O 

IVIO=-1 V 
25°C 

45 45 
Full ran e is -55°C to 125°C. g 

TLE2072M operating characteristics at specified free-air temperature, Vcc± = ±5 V 
TLE2072M 

PARAMETER TEST CONDITIONS TAt 
MIN TYP 

25°C 35 

SR+ Positive slew rate Full 
18* VO(PP) = ±2.3 V, range 

AVO=-1, RL=2 kO, 
25°C 38 CL = 100 pF, See Figure 1 

SR- Negative slew rate Full 
18" range 

AVO=-1, T010mV 0.25 

ts Settling time 2-Vstep, 
25°C 

RL = 1 kil, 
CL= 100pF 

T01 mV 0.4 

Equivalent input noise 1=10Hz 28 
Vn 25°C 

voltage 1=10kHz 11.6 

RS=20O, 1= 10 Hz to 
6 Peak-to-peak See Figure 3 10kHz 

VN(PP) equivalent input 25°C 
noise voltage 1= 0.1 Hzto 

0.6 
10Hz 

In 
Equivalent input'noise 

VIC=O, 1=10kHz 25°C 2.8 
current 

Total harmonic VO(pp)=5V, AVO = 10, 
THO+N 

distortion plus noise 
1=1 kHz, RL=2 kO, 25°C 0.013% 
RS=250 

B1 Un~-gain bandwidth VI=10mV, RL = 2 kO, 25°C 9.4 
CL=25pF, See Figure 2 

BOM 
Maximum output-swing VO(pp)=4V, AVO=-1, 25°C 2.8 
bandwidth RL=2kil, CL=25pF 

'i>m 
Phase margin at unity VI=10mV, RL=2 kO, 

25°C 56° 
gain CL=25pF, See Figure 2 

*On products compliant to MIL-PRF-38535, Class B, thiS parametar IS not production tested. 
t Full range is -55°C to 125°C. ' 
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TLE2072AM 

MAX MIN TYP 

35 

18· 

38 

18· 

0.25 

0.4 

55· 28 

17· 11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

dB 

3.6 
mA 

3.6 

dB 

rnA 

UNIT 
MAX 

VIlIS 

VIlIS 

lIS 

55· 
nVtVRZ 

17· 

I1V 

IA/VHz 

MHz 

MHz 



TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2072M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

TLE2072M 
PARAMETER TEST CONDITIONS TAt 

MIN TYP 

25°C 1.1 
VIO Input offset voltage 

VIC=O, VO=O, Full range 

Temperature coefficient RS=50Q 
aVIO of input offset voltage Full range 2.4 

25°C 6 
110 Input offset current 

Full range VIC=O, VO=O, 
See Figure 4 25°C 20 

liB Input bias current 
Full range 

15 15 
25°C to to 

Common-mode input -11 -11.9 
VICR RS=50Q 

voltage range 15 
Full range to 

-10.8 

25°C 13.8 14.1 
10 =-2001lA 

Full range 13.6 

Maximum positive peak 25°C 13.5 13.9 
VOM+ output voltage swing 

10=-2mA 
. Full range 13.3 

25°C 11.5 12.3 
'0 =-20 rnA 

. Full range 11.4 

25°C -13.8 -14.2 
10=200 IlA 

Full range -13.6 

Maximum negative peak 25°C -13.5 -14 
VOM- output voltage swing 

10=2mA 
Full range -13.3 

25°C -11.5 ~t2.4 
10=20mA 

Full range -11.4 

25°C 80 96 
RL=600Q 

Full range 78 

Large-signal differential 25°C 90 109 
AVD VO=±10V RL=2 kQ 

voltage amplification Full range 89 

25°C 95 118 
RL=10kQ 

Full range 93 

ri Input resistance VIC=O 25°C 1012 

Common 
25°C 7.5 VIC=O, mode ci Input capacitance See Figure 5 

Differential 25°C 2.5 

Zo 
Open-loop output 

f= 1 MHz 25°C 80 
impedance 

Common-mode VIC = VICRmin, 25°C 80 98 
CMRR 

rejection ratio VO=O, RS=50Q Full range 78 

Supply-voltage rejection VCC± = ±5 V to ±15 V, 25°C 82 99 
ksVR ratio (.6.VCC±/.6.V,O) VO=O, RS=50Q Full range 80 

'On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not production tested. 
t Full range is -55°C to 125°C. 

-!!1 TEXAS . 
INSTRUMENTS 
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TLE2072AM 
UNIT 

MAX MIN TYP MAX 

6 0.7 3.5 
mV 

10.5 8 

25' 2.4 25' IlVfOC ' 

100 6 100 pA 

20 20 nA 

175 20 175 pA 

60 60 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.8 

13.8 14.1 

13.6 

13.5 13.9 
V 

13.3 

11.5 12.3 

11.4 

-13.8 -14.2 

-13.6 

-13.5 -14 
V 

-13.3 

-11.5 -12.4 

-11.4 . 

80 96 

78 

90 109 
dB 

89 

95 118 

93 

1012 Q 

7.5 
pF 

2.5 

80 Q 

80 98 
dB 

78 

82 99 
dB 

80 
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TLE207x, TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOSI81- FEBRUARY 1997 

TLE2072M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

TLE2072M TLE2072AM 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

Supply current 250C 2.7 3.1 3.6 2.7 3.1 
ICC VO=O, No load 

(both channels) Full range 3.6 

ax Crosstalk attenuation VIC =0, RL=2k.Q 25°C 120 120 

Short-circu~ output IVIO=1 V -30 -45 -30 -45 
lOS VO=O 25°C 

current IVIO=-1 V 30 48 30 48 

t Full range IS -55°C to 125°C. 

TLE2072M operating characteristics at specified free-air temperature, VCC± = ±15 V 

TLE2072M 
PARAMETER TEST CONDITIONS TAt 

MIN TYP 

25°C 28 40 

SR+ Positive slew rate Full 
VO(PP) = 10 V, AVO = -1, 20 

range 
RL=2kn, CL=100pF, 

25°C 30 45 See Figure 1 
SR- Negative slew rate Full 

range' 20 

AVO=-1, To 10mV 0.4 

ts Settling time 
10-V step, 

25°C 
RL = 1 k.Q, 
CL= 100pF 

T01 mV 1.5 

Equivalent input noise f=10Hz 28 
Vn 25°C 

voltage f= 10kHz 11.6 

RS=20Q, f =10Hzto 
6 Peak-ta-peak See Figure 3 10kHz 

VN(PP) equivalent input 
f =0.1 Hz to 25°C 

noise voltage 
10Hz 

0.6 

In 
Equivalent input' noise 

VIC =0, f = 10 kHz 25°C 2.8 
current 

Total harmonic 
VO(PP) = 20 V. AVO = 10, 

THO+N 
distortion plus noise f= 1 kHz, RL=2 kn, 25°C 0.008% 

RS=25Q 

B1 Unity-gain bandwidth VI=10mV, RL=2 kn, 25°C 8' 10 
CL=25pF, See Figure 2 

Maximum 
VO(PP) = 20 V, AVO=-I, 

BOM output-swing 25°C 478" 637 
bandwidth 

RL=2 kn, CL=25pF 

'ilm 
Phase margin at unity VI=10mV, RL=2 kn, 

25°C 57° gain CL=25pF, See Figure 2 

'On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not production tested. 
t Full r~nge is -55°C to 125°C. 

I 
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TLE2072AM 

MAX MIN TYP 

28 40 

20 

30 45 

20 

0.4 

1.5 

55' 28 

17" 11.6 

6 

0.6 

2.8 

0.008% 

8" 10 

478" 637 

57° 

UNIT 
MAX 

3.6 
rnA 

3.6 

dB 

rnA 

UNIT 
MAX 

V/IJS 

V/IJ,S 

IJS 

55" 
nVNHz 

17" 

ltV 

fANHz 

MHz 

kHz 



· TLE207x, TLE207xA,TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFEl'-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE2072Y electrical characteristics at VCC± = ±15 V, TA = 25°C 

VIO 

110 

liB 

VICR 

VOM+ 

VOM-

AVD 

ri 

ci 

Zo 
CMRR 

kSVR 

ICC 

lOS 

PARAMETER ,TEST CONDITIONS 

Input offset voltage VIC=O, .v0= 0, RS=50Q 

Input offset current 

Input bias current 
VIC=O, VO=O, See Figure 4 

Common-mode input voltage range RS=50Q 

10=-200 I1A 
Maximum positive peak output voltage swing 10=-2mA 

10=-20 rnA 

10 = 200 I1A 
Maximum negative peak 

10=2mA output voltage swing 
10=20mA 

RL=600n 

Large-signal differential voltage amplification VO=± 10V RL=2kQ 

RL=10kQ 

Input resistance VIC=O 

VIC=O, Common mode 
Input capacitance 

See Figure 5 Differential 

Open-loop output impedance f= 1 MHz 

Common-mode rejection ratio VIC = VICRmin, VO=O, RS = 50n 

Supply-voltage rejection ratio (~VCC±/~VIO) 
VCC±=±5Vto±15V, VO=O, 
RS=50Q 

Supply current (both channels) VO=O, No load 

VID = 1 V 
Short-circuit output current VO=O 

VID =-1 V 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

TLE2072Y 

MIN TYP MAX 
UNIT 

1.1 6 mV 

6 100 pA 

20 175 pA 

15 15 
to to V 

-11 11.9 

13.8 14.1 

13.5 13.9 V 

11.5 12.3 

-13.8 -14.2 

-13.5 -14 V 

-11.5 -12.4 

80 96 

90 109 dB 

95 118 

1012 n 

7.5 

2.5 
pF 

80 n 

80 98 dB 

82 99 dB 

2.7 3.1 3.6 rnA 

-30 -45 
rnA 

30 48 
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TLE207x,TLE207xA, TLE207xY 
EXCALIBUR . LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181-FEBRUARY1997 

TLE2074C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

liB 'Input bias current 

Common-mode input 
V,CR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

fj Input resistance 

Input I Common mode 
ci 

capacitance I Differential 

Zo Open-loop output impedance 

CMRR Common-mode rejection ratio 

Supply-voltage rejection 
kSVR ratio (/l V CC± / /l V 10) 

t Full range IS O°C to 70°C. 

6-190 

TEST CONDITIONS TAt 

25°C 

VIC=O, VO=O, Full range 
RS=50Q 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

25°C 

RS=50Q 

Full range 

25°C 
10 = -200 IlA 

Full range 

25°C 
'0=-2mA 

Full range 

25°C 
'0=-20mA 

Full range 

25°C 
10 = 200 IlA 

Full range 

25°C 
10=2mA 

Full range 

25°C 
10=20mA 

Full range 

25°C 
RL=600Q 

Full range 

25°C 
Vo =±2.3 V RL=2kO 

Full range 

25°C 
RL=10kO 

Full range 

V,C=O 25°C 

25°C 
V'C=O, See Figure 5 

25°C 

f= 1 MHz 25°C 

VIC = VICRmin, 25°C 

VO=O, RS=50Q Full range 

VCC±=±5Vto±15V, 25°C 

VO=O, RS=50a Full range 

~TEXAS ' 
INSTRUMENTS 

TLE2074C 

MIN TYP 

-1.6 

10.1 

15 

20 

5 5 
to to 

-1 -1.9 

5 
to 

-0.9 

3.8 4.1 

3.7 

3.5 3.9 

3.4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 

-3.4 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 

89 

95 106 

94 

1012 

11 

2.5 

80 

70 89 

68 

82 99 

80 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TLE2074AC 
UNIT 

MAX MIN TYP MAX 

5 -0.5 3 
mV 

7.1 5.1 

30 10.1 30 IlV/oC 

100 15 100 

1400 1400 
pA 

175 20 175 

5000 5000 
pA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.9 

3.8 4.1 

3.7 

3.5 3.9 
V 

3.4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 
V 

-3.4 

-1.5 -2.4 

-1.5 

·80 91 

79 

90 100 
dB 

89 

95 106 

94 

1012 Q 

11 

2.5 
pF 

80 Q 

70 89 
dB 

68 

82 99 
dB 

80 



TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW·NOISE HIGH·SPEED 

JFET·INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2074C electrical characteristics at specified free-air temperature, VCC± = ±S V (unless 
otherwise noted) (continued) 

TLE2074C TLE2074AC 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

Supply current 25°C 5.2 6.3 7.5 5.2 6.3 
ICC Vo=O, No load 

(lour ampliliers) Full range 7.5 

Crosstalk attenuation VIC=O, RL=2 k.Q 25°C 120 120 

Short-circuit output IVlo= 1 V -35 -35 
lOS current VO=O 

IVIO=-l V 
25°C 

45 45 

t Full range IS O°C to 70°C. 

TLE2074C operating characteristics at specified free-air temperature, VCC± = ±S V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distortion 
THO+N 

plus noise 

B1 Unity-gain bandwidth 

BaM 
Maximum output-swing 
bandwidth 

<l>m 
Phase margin at unity 
gain 

t Full range is O°C to 70°C. 

TLE2074C 
TEST CONDITIONS TAt 

MIN TYP 

25°C 

Full 
VO(PP) = ±2.3 V, range 
AVO=-l, 
CL = 100 pF, 

AVO=-l, 
2-Vstep, 
RL = 1 k.Q, 
CL= 100pF 

RS=20Q, 
See Figure 3 

VIC=O, 

VO(pp)=5V, 
1= 1 kHz, 
RS=25Q 

VI= 10mV, 
CL=25pF, 

VO(pp)=4V, 
RL=2kQ, 

VI= 10mV, 
CL=25pF, 

HL=2kQ, 
25°C See Figure 1 
Full 

range 

To 10mV 
25°C 

Tol mV 

1= 10 Hz 
25°C 

1=10kHz 

1=10Hzto 
10kHz 

25°C 
1= O.lHz to 

10 Hz 

1=10kHz 25°C 

AVO = 10, 
RL = 2 k.Q, 25°C 

RL = 2 k.Q, 
25°C 

See Figure 2 

AVo=-l, 25°C 
CL=25 pF 

RL=2kQ, 
25°C See Figure 2 

~TEXAS . 
INSTRUMENTS 

35 

22 

38 

22 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

TLE2074AC 

MAX MIN TYP 

35 

22 

38 

22 

0.25 

0.4 

55 28 

17 11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

7.5 
rnA 

7.5 

dB 

rnA 

UNIT 
MAX 

V/iJS 

V/iJS 

~s 

55 

17 
nV/VHz 

~V 

IA/VHz 

MHz 

MHz 
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TLE207x,TLE207xA,TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2074C electrical characteristics at specified free.air temperature, Vcc+ = ±15 V (unless 
otherwise noted) -

TLE2074C TLE2074AC 
PARAMETER TEST CONDITIONS TAt UNIT 

MIN TYP MAX MIN TYP MAX 

25°C -1.6 5 -0.5 3 
VIO Input offset voltage mV 

VIC=O, VO=O, Full range 7.1 5.1 

Temperature coefficient RS=50Q 
aVIO of input offset voltage 

Full range 10.1 30 10.1 30 fJ.V1oC 

25°C 15 100 15 100 
110 Input offset current 

Full range 1400 1400 
pA 

VIC=O, VO=O, 
See Figure 4 25°C 25 175 25 175 

liB Input bias current 
Full range 5000 5000 

pA 

15 15 15 15 
25°C to to to to 

Common-mode input -11 -11.9 -11 -11.9 
VICR voltage range RS=50Q V 

15 15 
Full range to to 

-10.9 . -10.9 

25°C 13.8 14.1 13.8 14.1 
10 = - 200 fJ.A 

Full range 13.7 13.7 

Maximum positive peak 25°C 13.5 13.9 13.5 13.9 
VOM+ 10=-2mA V 

output voltage swing Full range 13.4 13.4 

25°C 11.5 12.3 11.5 12.3 
10 =-20 mA 

Full range 11.5 11.5 

25°C -13.8 -14.2 -13.8 -14.2 
10 = 200 fJ.A 

Full range -13.7 -13.7 

Maximum negative peak 25°C -13.7 -14 -13.7 -14 
VOM- output voltage swing 

10=2mA V 
Full range -13.6 -13.6 

25°C -11.5 -12.4 -11.5 -12.4 
10=20mA 

Full range -11.5 -11.5 

25°C 80 96 80 96 
RL=600Q 

Full range 79 79 

Large-signal differential 25°C 90 109 90 109 
AVD VO=±10V RL=2kQ dB 

voltage amplification Full range 89 89 

25°C 95 118 95 118 
RL=10kQ 

Full range 94 94 

'1 Input resistance VIC=O 25°C 1012 1012 Q 

Common 
25°C 7.5 7.5 Input mode Cj capacitance VIC=O, See Figure 5 pF 

Differential 25°C 2.5 2.5 

Zo Open-loop output impedance f= 1 MHz 25°C 80 80 Q 

Common-mode VIC = VICRmin, 25°C 80 98 80 98 
CMRR dB 

rejection ratio VO=O, RS=50Q Full range 79 79 

Supply-voijage rejection ratio VCC± = ±5 V to ±15 V, 25°C 82 99 82 99 
kSVR dB 

(aVCC±laVIO) VO=O, RS=50Q Full range 81 81 

t Full range IS O°C to 70°C. 

~TEXAS . 
. . INSTRUMENTS 
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TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE2074C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -

TLE2074C TLE2074AC 
PARAMETER TEST CONDI110NS TAt 

MIN TYP MAX MIN TYP 

Supply current 25°C 5.2 6.5 7.5 5.2 6.5 
ICC Vo=O, No load 

(four amplifiers ) Full range 7.5 

Crosstalk attenuation VIC=O, RL=2 kg 25°C 120 120 

Short-circuit output I VIO= 1 V -30 -45 -30 -45 
lOS VO=O 25°C current IVIO=-1 V 30 48 30 48 

t Full range IS O°C to 70°C. 

TLE2074C operating characteristics at specified free-air temperature, Vcc± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

Is Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

THO+N 
Total harmonic distortion 
plus noise 

B1 Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

'i>m 
Phase margin at unity 
gain 

t Full range IS O°C to 70°C. 

TAt 
TLE2074C 

TEST CONDITIONS 
MIN 

25°0 25 

Full 
VO(pp)=10V, AVO=-1, 22 

range 
RL = 2 k!1, CL = 100 pF, 

25°C 30 See Figure 1 
Full 

range 
25 

AVO=-1, To 10mV 
10-Vstep, 

25°C 
RL = 1 k!1, 
CL= 100pF 

T01 mV 

f=10Hz 
25°C 

f=10kHz 

RS=20g, f= 10 Hz to 
See Figure 3 10kHz 

25°C 
f= 0.1 Hzto 

10Hz 

VIC=O, f=10kHz 25°C 

VO(PP) = 20 V, AVO = 10, 
f= 1 kHz, RL=2k!1, 25°C 
RS=25g 

VI= 10mV, RL =2 k!1, 
25°C 8 

CL=25pF, See Figure 2 

VO(pp)=20V, AVO=-1, 
RL=2k!1, CL=25pF 

25°C 478 

VI=10mV, RL = 2 k!1, 
25°C CL=25pF, See Figure 2 

~TEXAS 
INSTRUMENTS 

TYP 

40 

45 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

10 

637 

57° 

POST OFFICE BOX 655303 • DAU.AS, TEXAS 75265 

TLE2074AC 

MAX MIN TYP 

25 40 

22 

30 45 

25 

0.4 

1.5 

55 28 

17 11.6 

6 

0.6 

2.8 

0.008% 

8 10 

478 637 

57° 

UNIT 
MAX 

7.5 
mA 

7.5 

dB 

mA 

MAX 
UNIT 

VlIJB 

V/IJB 

IJB 

55 

17 
nVlVHz 

ltV 

fAJ-.iHz 

MHz 

kHz 
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TLE207x, TLE207xA, TLE207xY 
EXCALIBURLOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMpLIFIERS 
SLOS181 - FEBRUARY 1997 

TLE20141 electrical characteristics at specified free-air temperature, V cc± = ±5 V (unless otherwise 
noted) 

PARAMET~R 

VIO Input offset voltage 

Temperature coefficient 
aVIO 01 input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

rr Input resistance 

ci 
Input I Common mode 
capacitance I Differential 

Zo Open-loop output impedance 

CMRR Common-mode rejection ratio 

Supply-voltage rejection ratio 
kgVR (aVCC±/aVIO) 

t Full range IS -40°C to 85°C, 

6-194 

TEST CONDITIONS TAt 

25°C 

VIC=O, . VO=O, Full range 
RS=50n 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

25°C 

RS=50n 

Full range 

25°C 
10 = -200 j.LA 

Full range 

25°C 
10=-2mA 

Full range 

25°C 
10=-20mA 

Full range 

25°C 
10 = 200 j.LA 

Full range 

25°C 
10=2mA 

Full range 

25°0 
10=20mA 

Full rang~ 

25°C 
RL=6oon 

Full range 

25°C 
Vo =±2.3 V RL=2kn 

Full range 

25°C 
RL=10kn 

Full range 

VIC=O 25°C 

25°C 
VIC=O, See Figure 5 

25°C 

1= 1 MHz 25°C 

VIC = VICRmin, 25°C 

VO=O, RS=50n Full range 

VCC±=±5Vto±15V, 25°C 

VO=O, RS=50n Full range 

~TEXAS 
INSTRUMENTS' 

TLE20741 

MIN TYP 

-1.6 

10.1 

15 

20 

5 5 
to to 

-1 -1.9 

5 
to 

-0.8 

3.8 4.1 

3.7 

3:5 3.9 

3,4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 

-3,4 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 

89 

95 106 

94 

1012 

11 

2.5 

80 

70 89 

68 

82 99 

80 
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TLE2074AI 
UNIT 

MAX MIN TYP MAX 

5 -0.5 3 
mV 

9 7 

30 10.1 30 flV/oC 

100 15 100 pA 

5 5 nA 

175 20 175 pA 

10 '10 nA 

5 5 
to to 

-1 -1,9 
V 

5 
to 

-0.8 

3,8 4.1 

3,7 

3.5 3.9 
V 

3.4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4,1 
V 

-3.4 

-1.5 -2,4 

-1.5 

80 91 

79 

90 100 
dB 

89 

95 106 

94 

1012 n 

11 

2.5 
pF 

80 n 

70 89 
dB 

68 

82 99 
dB 

80 



TLE207x,TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE20741 electrical characteristics at specified free-air temperature, V cc+ = ±5 V (unless otherwise 
noted) (continued) -

TLE20741 TLE2074AI 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

Supply current 25°C 5.2 6.3 7.5 5.2 6.3 
ICC Vo=O, No load 

(lour ampliliers) Full range 7.5 

Crosstalk attenuation V,C=O, RL=2kn 25°C 120 120 

I VID = 1 V -35 -35 
lOS Short-circuit output current VO=O 

IVID=-l V 
25°C 

45 45 

t Full range IS -40°C to 85°C. 

TLE20741 operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distortion 
THD+N 

plus noise 

Bl Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

q,m 
Phase margin at unity 
gain 

° ° t Full range IS -40 C to 85 C. 

TEST CONDITIONS TAt 
MIN 

25°C 

Full 
VO(PP) = ±2.3 V, range 
AVD=-l, RL=2kn, 

25°C CL = 100 pF, 

AVD=-l, 
2-V step, 
RL=lkn, 
CL=100pF 

RS=20Q, 
See Figure 3 

V'C =0, 

VO(pp)=5V, 
f= 1 kHz, 
RS=2S0 

V,=10mV, 
CL=25pF, 

VO(pp)=4V, 
RL=2kn, 

V,=10mV, 
CL=25pF, 

See Figure 1 
Full 

range 

Tol0mV 
25°C 

Tol mV 

1= 10 Hz 
25°C 

1=10kHz 

f= 10Hz to 
10 kHz 

25°C 
1= 0.1 Hz to 

10Hz 

1= 10kHz 25°C 

AVD=10, 
RL=2 kn, 25°C 

RL=2 kn, 
25°C 

See Figure 2 

AVD=-l, 25°C 
CL=25pF 

RL=2 kn, 
25°C See Figure 2 

~TEXAS 
INSTRUMENTS 

20 

20 

TLE20741 

TYP 

35 

38 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 
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TLE2074AI 

MAX MIN TYP 

35 

20 

38 

20 

0.25 

0.4 

55 28 

17 11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

7.5 
mA 

7.5 

dB 

mA 

UNIT 
MAX 

VIIJS 

VlIlS 

IJS 

55 
nVlVHz 

17 

IlV 

IAlVHz 

MHz 

MHz 

.. 
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TLE207x,· TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET .. INPUT OPERATIONAL AMPLIFIERS 
SLOSI81- FEBRUARY 1997 

TLE20741 electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltege 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

ri Input resistence 

Common 
Input mode ci capacitance 

Differential 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltege rejection 
ksVR ratio (AVCC±/AVIO) 

t Full range is -40°C to 85°C. 

6-196 

TEST CONDITIONS TAt 

25°C 

VIC=O. VO=O. Full range 
RS=50n 

Full range 

25°C 

VIC =0. VO=O. Full range 

See Figure 4 25°C 

Full range 

25°C 

RS=50n 

Full range 

25°C 
10 =-200jlA 

Full range 

25°C 
10=-2mA 

Full range 

25°C 
10=-20mA 

Full range 

25°C 
10=200 jlA 

Full range 

25°C 
10=2mA 

Full range 

25°C 
10=.20mA 

Full range 

25°C 
RL=600n 

Full range 

25°C 
VO=±10V RL=2kn 

Full range 

25°C 
RL=10kn 

Full range 

VIC=O 25°C 

25°C 
VIC=O. See Figure 5 

25°C 

f= 1 MHz 25°C 

VIC = VICRmin. 25°C 

VO=O. RS=50n Full range 

VCC± = ±5 V to ±15 V. 25°C 

VO=O. RS=50n Full range 

~lExAs 
INSTRUMENTS 

TLE20741 

MIN TVP 

-1.6 

10.1 

15 

25 

15 15 
to to 

-11 -11.9 

15 
to 

-10.8 

13.8 14.1 

13.7 

13.5 13.9 

13.4 

11.5 12.3 

11.5 

-13.8 -14.2 

-13.7 

-13.5 -14 

-13.4 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 

89 

95 118 

94 

1012 

7.5 

2.5 

80 

80 98 

79 

82 99 

80 
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TLE2074AI 
UNIT 

MAX MIN TVP MAX 

5 -0.5 3 
mV 

9 7 

30 10.1 30 !lV/oC 

100 15 100 pA 

5 5 nA 

175 25 175 pA 

10 10 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.8 

13.8 14.1 

13.7 

13.5 13.9 
V 

13.4 

11.5 12.3 

11.5 

-13.8 -14.2 

-13.7 

-13.5 -14 
V 

-13.4 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 
dB 

89 

95 118 

94 

1012 n 

7.5 
pF 

2.5 

80 n 

80 98 
dB 

79 

82 99 
dB 

80 



TLE207x, TLE207xA, TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TLE20741 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) (continued) 

TAt 
TLE20741 TLE2074AI 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP 

Supply current 25°C 5.2 6.5 7.5 5.2 6.5 
ICC (four amplifiers) 

VO=O, No load 
Full range 7.5 

Crosstalk attenuation VIC =0, RL=2kO 25°C 120 120 

Short-circuit output IVIO=l V -30 -45 -30 -45 
lOS current VO=O I VID=-l V 

25°C 
30 48 30 48 

t Full range IS -40°C to 85°C. 

TLE20741 operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

THO+N 
Total harmonic distortion 
plus noise 

Bl Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

<l>m Phase margin at unity gain 

t Full range IS -40°C to 85°C. 

TEST CONDITIONS TAt 
MIN 

25°C 25 

Full 
VO(PP) = ±10 V, 19 

range 
AVO=-l, RL= 2 kO, 

25°C 30 CL = 100 pF, See Figure 1 
Full 

range 
22 

AVO=-l, To 10mV 
10-V step, 25°C 
RL = 1 kO, 

Tol mV 
CL = 100 pF 

f=10Hz 
25°C 

f=10kHz 

RS=20Q, f=10Hzto 
See Figure 3 10 kHz 

25°C 
f=O.l Hz·to 

10Hz 

VIC=O, f=10kHz 25°C 

VO(PP) = 20 V, AVO = 10, 
f= 1 kHz, RL=2kO, 25°C 
RS=25Q 

VI=10mV, RL=2kCl, 
25°C 8 

CL=25pF, See Figure 2 

VO(PP) = 20 V, AVO = -1, 
RL=2kO, CL=25pF 

25°C 478 

VI=10mV, RL =2 kCl, 
25°C CL=25pF, See Figure 2 
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TLE20741 

TYP 

40 

45 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

10 

637 

57° 
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TLE2074AI 

MAX MIN TYP 

25 40 

19 

30 45 

22 

0.4 

1.5 

55 28 

17 11.6 

6 

0.6 

2.8 

0.008% 

8 10 

478 637 

57° 

UNIT 
MAX 

7.5 
mA 

7.5 

dB 

mA 

UNIT 
MAX 

VIIJS 

VIIJS 

IJS 

55 

17 
nVNFiZ 

ltV 

fAl;iHz 

MHz 

kHz 
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TLE2074M electrical characteristics at specified free-air temperature, VCC± = ±5 V (uhless 
otherwise noted) 

TAt 
TLE2074M 

PARAMETER TEST CONDITIONS 
MIN 

VIO Input offset voltage 
VIC=O, 

25°C 

VO=O, "Full range 

Temperature coefficient RS=50Q 
aVIO of input offset voltage 

Full range 

25°C 
110 Input offset current 

Full range VIC =0, VO=O, 

liB Input bias current 
See Figure 4 25°C 

Full range 

5 
25°C to 

Common-mode input -1 
VICR RS=50Q voltage range 

5 
Full range to 

-0.8 

25°C 3.8 
10 =-200 flA 

Full range 3.6 

Maximum positive peak 25°C 3.5 
VOM+ output voltage swing 

10=-2mA 
Full range 3.3 

25°C 1.5 
10=-20mA 

Full range 1.4 

25°C -3.8 
10 = 200 flA 

Full range -3.6 

Maximum negative peak 25°C -3.5 
VOM- 10=2mA 

output voltage swing Full range -3.3 

25°C -1.5 
10=20mA 

Full range -1.4 

25°C 80 
RL=600Q 

Full range 78 

Large-signal differential 25°C 90 
AVD VO=±2.3V RL=2kO voltage amplification Full range 88 

25°C 95 
RL= 10kO 

Full range 93 

rj Input resistance VIC=O 25°C 

Input I Common mode 25°C 
ci 

capacitance I Differential 
VIC=O, See Figure 5 

25°C 

Zo Open-loop output impedance 1= 1 MHz 25°C 

VIC = VICRmin, 25°C 70 
CMRR Common-mode rejection ratio 

VO=O, RS=50Q Full range 68 

Supply-voltage rejection ratio VCC±=±5Vto±15V, 25°C 82 
ksVR (,WCC± fliVlO) VO=O, RS=50Q Full range 80 

·On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not productIon tested. 
t Full range is -55°C to 125°C. 
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TYP 

-1.6 

10.1 

15 

20 

5 
to 

-1.9 

4.1 

3.9 

2.3 

-4.2 

-4.1 

-2.4 

91 

100 

106 

1012 

11 

2.5 

80 

89 

99 

TLE2074AM 
UNIT 

MAX MIN TYP MAX 

5 -0.5 3 
mV 

10.5 8.5 

30* 10.1 30· JlV/"C 

100 15 100 pA 

20 20 nA 

175 20 175 pA 

60 60 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.8 

3.8 4.1 

3.6 

3.5 3.9 
V 

3.3 

1.5 2.3 

1.4 

-3.8 -4.2 

-3.6 

-3.5 -4.1 
V 

-3.3 

-1.5 -2.4 

-1.4 

80 91 

78 

90 100 
dB 

88 

95 106 

93 

1012 Q 

11 

2.5 
pF 

80 Q 

70 89 
dB 

68 

82 99 
dB 

80 



TLE207x, TLE207xA,TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
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SLOS181 - FEBRUARY 1997 

TLE2074M electrical characteristics at specified free-air temperature, Vcc± = ±5 V (unless 
otherwise noted) (continued) 

TAt 
TLE2074M TLE2074AM 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 

Supply current 25°C 5.2 6.3 7.5 5.2 6.3 7.5 
ICC Vo=O, No load 

(lour amplifiers) Full range 7.5 7.5 

Crosstalk attenuation VIC=O, RL=2 kll 25°C 120 120 

IVIO=l V -35 -35 
lOS Short-circuit output current VO=O 

IVIO=-l V 
25°C 

45 45 

t Full range IS -55°C to 125°C. 

TLE2074M operating characteristics at specified free-air temperature, Vcc± = ±5 V 

TAt 
TLE2074M 

PARAMETER TEST CONDITIONS 
MIN TYP 

25°C 35 

SR+ Positive slew rate Full 
18' VO(PP) = ±2.3 V, range 

AVO=-l, RL=2kll, 
25°C 38 CL= l00pF, See Figure 1 

SR- Negative slew rate Full 
18' 

range 

AVO=-l, To 10mV 0.25 

ts Settling time 2-V step, 
25°C 

RL = 1 kll, 
CL=100pF 

Tol mV 0.4 

Equivalent input noise 1=10Hz 28 
Vn voltage 

25°C 
1= 10 kHz 11.6 

RS=20Q, 1= 10Hzto 
6 

Peak-to-peak equivalent See Figure 3 10kHz 
VN(PP) 25°C 

input noise voltage 1= 0.1 Hzto 
0.6 

10Hz 

In 
Equivalent input noise 

VIC=O, 1= 10kHz 25°C 2.8 
current 

Total harmonic distortion VO(pp)=5V, AVO = 10, 
THO+N 

plus noise 
1= 1 kHz, RL = 2 kll, 25°C 0.013% 
RS=250 

Bl Unity-gain bandwidth VI= 10mV, RL = 2 kll, 
25°C 9.4 

CL=25 pF, See Figure 2 

BOM 
Maximum output-swing VO(pp)=4V, AVO=-l, 25°C 2.8 
bandwidth RL=2kO, CL=25pF 

<1>m 
Phase margin at unity VI = 10mV, RL = 2 kll, 

25°C 56° gain CL=25 pF, See Figure 2 

'On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not production tested. 
t Full range is -55°C to 125°C. 
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TLE2074AM 

MAX MIN TYP MAX 

35 

18' 

38 

18' 

0.25 

0.4 

55' 28 55' 

17' 11.6 17' 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 

mA 

dB 

mA 

UNIT 

VIIJ-s 

VIIJ.S 

IJ.S 

nVNHz 

IJ-V 

IAI..JHz 

MHz 

MHz 
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TLE207x, TLE207xA, TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
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TLE2074M electrical characteristics at specified free-air temperature, Vcc+ = ±15 V (unless 
otherwise noted) . -

TAt 
TLE2074M 

PARAMETER TEST CONomONS 
MIN 

VIO Input offSet voltage 
VIC=O, 

25°C 

VO=O, Full range 

Temperature coefficient RS=50n 
aVIO of input offllet voltage 

Full range 

25°C 
110 Input offset current 

Full range VIC=O, VO=O, 
See Figure 4 25°C 

liB Input bias current 
Full range 

15 

25°C to 

Common-mode input -11 
VICR voltage range RS=50n 

15 
Full range to 

-10.8 

25°C 13.8 
10 = -200 fl.A 

Full range 13.6 

Maximum positive peak 25°C 13.5 
VOM+ 10=-2mA 

output voltage swing Full range 13.3 

25°C 11.5 
10=-20mA 

Full range 11.4 

25°C -13.8 
10 = 200 fl.A 

Full range -13.6" 

Maximum negative peak 25°C -13.5 
VOM- 10=2mA 

output voltage swing Full range -13.3 

25°C -11.5 
10=20mA 

Full range -11.4 

25°C 80 
RL=6oon 

Full range 78 

Large-signal differential 25°C 90 
AVO VO=±10V RL=2 kO 

voltage amplification Full range 88 

250C 95 
RL=10kO 

Full range 93 

Tj Input resistance VIC=O 25°C 

Input I Common mode 25°C 
ci 

capacitance I Differential 
VIC=O, See Figure 5 

25°C 

Zo Open-loop output impedance f= 1 MHz 25°C 

VIC = VICRmin, 25°C 80 
CMRR Common-mode rejection ratio 

VO=O, RS=50n Full range 78 

Supply-voltage rejection VCC± = ±5 V to±15 V, 25°C 82 
ksVR ratio (L\VCC±ILWIO) VO=O, RS=50n Full range 80 

'On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested. 
t Full range is -55°C to 125°C. 
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TYP 

-1.6 

10.1 

15 

25 

15 
to 

-11.9 

14.1 

13.9 

12.3 

-14.2 

-14 

-12.4 

96 

109 

118 

1012 

7.5 

2.5 

80 

98 

99 

TLE2074AM 

MAX MIN TYP 
UNIT 

MAX 

5 -0.5 3 
mV 

10.5 8.5 

30' 10.1 30' IlVfOC 

100 15 . 100 pA 

20 20 nA 

175 25 175 pA 

60 60 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.8 

13.8 14.1 

13.6 

13.5 13.9 
V 

13.3 

11.5 12.3 

11.4 

-13.8 -14.2 

-13.6 

-13.5 -14 
V 

-13.3 

-11.5 -12.4 

-11.4 

80 96 

78 

90 109 
dB 

88 

95 118 

93 

1012 n 

7.5 

2.5 
pF 

80 n 

80 98 
dB 

78 

82 99 
dB 

80 



TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
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TLE2074M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -

TAt 
TLE2074M TLE2074AM 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 

Supply current 25°C 5.2 6.5 7.5 5.2 6.5 7.5 
ICC (lour amplifiers) 

VO=O, No load 
Full range 7.5 7.5 

Crosstalk attenuation VIC=O, RL=2kn 25°C 120 120 

I VID = 1 V -30 -45 -30 -45 
lOS Short-circuit output current VO=O I VID=-1 V 

25°C 
30 4B 30 4B 

t Full range IS -55°C to 125°C. 

TLE2074M operating characteristics at specified free-air temperature, VCC± = ±15 V 

TEST CONDITIONS TAt 
TLE2074M 

PARAMETER 
MIN TYP 

25°C 25 40 

SR+ Positive slew rate Full 
VO(pp)=10V, AVO=-I, 17 

range 
RL=2kn, CL= 100 pF, 

25°C 30 45 See Figure 1 
SR- Negative slew rate Full 

20 
range 

AVO=-I, Tol0mV 0.4 

ts Settling time 
10-Vstep, 

25°C 
RL=lkn, 
CL=100pF Tol mV 1.5 

Equivalent input noise f=10Hz 2B 
Vn 25°C 

voltage f=10kHz 11.6 

RS =200, f= 10Hzto 
6 

Peak-to-peak equivalent See Figure 3 10 kHz 
VN(PP) 25°C 

input noise voltage 1= 0.1 Hzto 
0.6 

10 Hz 

In 
Equivalent input noise 

VIC=O, f=10kHz 25°C 2.8 
current 

Total harmonic distortion 
VO(PP) = 20 V, AVO = 10, 

THO+N 
plus noise 

f= 1 kHz, RL=2 kn, 25°C 0.008% 
RS=25!l 

Bl Unity-gain bandwidth VI= 10mV, RL=2 kn, 
25°C B" 10 

CL=25pF, See Figure 2 

BOM 
Maximum output-swing VO(pp)=20V, AVO=-I, 

25°C 478' 637 
bandwidth RL =2 kn, CL=25pF 

C>m 
Phase margin at unity VI=10mV, RL=2 kn, 

25°C 57° gain CL=25pF, See Figure 2 

"On products compliant to MIL-PRF-38535, Class B, this parameter IS not production tested. 
t Full range is -55°C to 125°C. 
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TLE2074AM 

MAX MIN TYP MAX 

25 40 

17 

30 45 

20 

0.4 

1.5 

55' 2B 55' 

17" 11.6 17" 

6 

0.6 

2.B 

0.008% 

8" 10 

478" 637 

57° 

UNIT 

mA 

dB 

mA 

UNIT 

V/JlS 

V/JlS 

JlS 

nV/1Hz 

I1V 

fANHz 

MHz 

kHz 
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TLE2074Y electrical characteristics at VCC+ = ±15 V, TA = 25°C (unless otherwise noted) -

VIO 

110 

liB 

VICR 

VOM+ 

VOM-

AVO 

q 

ci 

Zo 

CMRR 

ksVR 

ICC 

lOS 
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TLE2074Y 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 

Input offset voltage VIC=O, VO=O, 
5 

RS=50Q 

Input offset current VIC=O, VO=O, 15 100 

Input bias current See Figure 4 25 175 

15 15 
Common-mode input voltage range RS=50Q to to 

-11 11.9 

10 =-200IJA 13.8 14.1 

Maximum positive peak output voltage swing 10=-2mA 13.5 13.9 

10=-20mA 11.5 12.3 

10 = 200 IJA -13.8 -14.2 

Maximum negative peak output voltage swing IO=2mA -13.5 -14 

IO=20mA -11.5 -12.4 

RL=600Q 80 96 

Large-signal differential voltage amplification VO=± 10V RL=2kQ 90 109 

RL= 10kQ 95 118 

Input resistance VIC=O 1012 

L Common mode 7.5 
Input capacitance I Differential 

VO=O, See Figure 5 
2.5 

Open-loop output impedance f= 1 MHz 80 

Common-mode rejection ratio VIC = VICRmin, VO~O, 80 98 
RS=50Q 

Supply-voltage rejection ratio (aVCC±laVIO) 
VCC±=±5Vto±15V, 

82 99 
VO=O, RS=50Q 

Supply current (four amplifiers) VO=O, No load 5.2 6.5 7.5 

VID = 1 V -30 -45 
Short-circuit output current VO=O 

VID=-1 V 30 4B 

PARAMETER MEASUREMENT INFORMATION 

2kQ 10kQ 

t Includes fixture capacitance t Includes fixture capacitance 

Figure 1. Slew-Rate Test Circuit Figure 2. Unity-Gain Bandwidth 
and Phase-Margin Test Circuit 
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UNIT 

mV 

pA 

pA 

V 

V 

V 

dB 

Q 

pF 

Q 

dB 

dB 

mA 

mA 



RS 

TLE207x, TLE207xA, TLE207xY 
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PARAMETER MEASUREMENT INFORMATION 

2kn 

>--+-- Vo Vo 

Figure 3. Noise-Voltage Test Circuit Figure 4. Input-Bias and Offset
Current Test Circuit 

IN- -+-.... ----, ...... 
IN + --+-.... ---==--...----1 Vo 

elc 

Figure 5. Internal Input Capacitance 

typical values 

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

input bias and offset current 

At the picoampere bias current level typical of the TLE207x and TLE207xA, accurate measurement of the bias 
current becomes difficult. Not only does this measurement require a picoammeter but test socket leakages can 
easily exceed the actual device bias currents. To accurately measure these small currents, Texas Instruments 
uses a two-step process. The socket leakage is measured using picoammeters with bias voltages applied but 
with no device in the socket. The device is then inserted in the socket and a second test is performed that 
measures both the socket leakage and the device input bias current. The two measurements are then 
subtracted algebraically to determine the bias current of the device. 
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TLE207x, TLE207xA, TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
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TYPICAL··CHARACTERISTICS 

Table of Graphs 

VIO Input offset voltage Distribution 

aVIO Temperature coefficient of input offset voltage Distribution 

110 ·Input offset current vs Free-air temperature 

liB Input bias current 
vs Free-air temperature 
vs Total supply voltage 

VICR Common-mode input voltage range vs Free-air temperature 

Vo Output voltage vs Differential input voltage 

VOM+ Maximum positive peak output voltage vs Output current 

VOM- Maximum negative peak output voltage vs Output current 

VOM Maximum peak output voltage 
vs Free-air temperature 
vs Supply voltage 

VO(PP) Maximum peak-to-peak output voltage vs Frequency 

Vo Output voltage vs Settling time 

AVD Large-signal differential voltage amplification 
vs Load resistance 
vs Free-air temperature 

AVD Small-Signal differential voltage amplification vs Frequency 

CMRR Common-mode rejection ratio 
vs Frequency 
vs Fre6'air temperature 

kSVR Supply-voltage rejection ratio 
vs Frequency 
vs Free-air temperature 

vs Supply voltage 
ICC Supply current vs Free-air temperature 

vs Differential input voltage 

vs Supply voltage 
lOS Short-circuit output current vs Elapsed time 

vs Free-air temperature 

vs Free-air temperature 
SR Slew rate vs Load resistance 

vs Differential input voltage 

Vn Equivalent Input noise voltage (spectral qensity) vs Frequency 

vs Noise bandwidth 

.-

Vn Input referred noise voltage 
OvEir a 10-second time interval 

THD+N 

Bl 

cIlm 

Zo 

6-204 

Third-octave spectral noise density vs Frequency bands 

Total harmonic distortion plus noise vs Frequency 

Unity-gain bandwidth vs Load capacitance 

Gain-bandwidth product 
vs Free-air temperature 
vs Supply voltage 

Gain margin vs Load capacitance 

vs Free-air temperature 
Phase margin vs Supply voltage 

vs Load capacitance 

Phase shift vs Frequency 

Noninverting large-signal pulse response vs Time 

Small-signal pulse response vs Time 

Closed-loop output impedance vs Frequency 

Crosstalk attenuation vs Frequency 
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TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLE2071 
INPUT OFFSET VOLTAGE 

DISTRIBUTION OF TLE2072 
INPUT OFFSET VOLTAGE 

30 ~~~~--r-~~--~-'-'--'-I 

27 

24 

21 

18 

16 

12L---I-~-~__I__+-_I_~_+-+-~ 

-2.4 -0.8 0.8 2.4 

VIO - Input Offset Voltage - mV 

Figure 6 

DISTRIBUTION OF TLE2074 
INPUT OFFSET VOLTAGE 

4 

VCC=±15V 
45 TA = 25°C ---1----1---+---1 

NPackage 
401-----.-'--

351------+---

301----+--

251----+--

201----+--

151----+--

101----+--

51---~-

01.-..--
-8 -4.8 -1.6 1.6 4.8 

VIO - Input Offset Voltage - mV 

FigureS 

8 

~ 
I 

I 
'0 

I 

10 I--~---I---I-

- 2.4 - 0.8 0.8 2.4 

VIO -Input Offset Voltage - mV 

Figure 7 

DISTRIBUTION OF TLE2071 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT· 

3O~~~--r-~~--~-r-'--'-J 

~~--I--+--I-~-+-

241--I--I--l-4--

211--1--1---1-

181--1--1---1'----

151--I--!-~~ 

12 1---4---1---1-

9 1--+---1---11-

6 1--+--+--11-

31--+--+-

01---1..---
-40-32-24-16 -8 0 8 16 24 32 40 

aVIO - Temperature COefficient - /lV/"C 

Figure 9 
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TYPiCAL CHARACTERISTICS 

< c 
I .. 

C 
§ 
(,) 

i 
5 
't:J 
C .. .. .. 
iii 

i 
.5 
I 

~ 
i 
III 

DISTRIBUTION OF TLE2072 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

310 Amplifiers 
27 VCC=±15V 

TA = - 55°C to 125°C 
24 P Package +--+-

61---+--+-+--

3 I---t--I--~ 

o '----'---'----
- 30 - 24 -18 -12 - 6 0 6 12 18 24 30 

100 

10 

0.1 

0.01 

aVIO - Temperature Coefficient -!lvrc 
Figure 10 

INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENrt 

vs 
FREE·AIR TEMPERATURE 

VCC±=±5V 
VIC=O 
Vo=O 

liB 

/ 

/ 

110 -

~ 

< c 
I .. 
I 
(,) 

i 
5 
11 .. .. .. 
iii 
'5 
12. 
.5 
I 
g 

i 

DISTRIBUTION OF TLE2074 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

VCC=±15V 
27 TA = - 55°C to 

NPackage 
.24 I'--t--t---+-----lf---t--+-+---+-+---l 

21 I---t:--+-+--

181---+--+-+--

151---+--+-

12 1---+--+-

91---+--+= 

61--+--

31--+--

0'---'--
-40-32-24 -16 -8 0 8 16 24 32 40 

100 

10 

0.1 

0.01 

. aVIO - Temperature Coefficient -!lV/oc 
Figure 11 

INPUT BIAS CURRENT AND 
INPU1\ OFFSET CURRENTt 

vs 
FREE·AIR TEMPERATURE 

VCC+=±15V 
VIC=O 
Vo=O 

liB 1-
/ ./ 

i-"'" 110 

I 

r--
r--

.: 0.001 
III 
.: 0.001 
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Figure 12 Figure 13 

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 CHARACTERISTICS 
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Figure 16 
VID - Differential Input Voltage - 11 V 

Figure 17 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature renges of the various devices. 
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TYPICAL CHARACTERISTICS 
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Figure 21 

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 CHARACTERISTICS 
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Figure 25 

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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Figure 27 

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 CHARACTERISTICS 
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Figure 33 

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 CHARACTERISTICS 

VIC=O 

TLE2071 
SUPPLY CURRENT 

vs 
SUPPLY VOLTAGE 

r- VO= 0 
No Load 

TA=25°C 

.f 
TA=125°C -

TA=-55°C 

0 2 4 6 8 10 12 14 16 18 20 

IVCC±I- Supply Voltage - V 

Figure 34 

TLE2074 
SUPPLY CURRENT 

vs 
SUPPLY VOLTAGE 

VIC=O 

I Vo=O 
No Load 

TA=125°C -

\ ,. -, ! 
TA=-55°C TA=25°C 

o 2 4 6 8 10 12 14 16 18 20 

IVcc±l- Supply Voltage - V 

Figure 36 

C 
E 
I 

C 
~ 
::I 
(.) 

~ 
Q. 
::I 

1/1 
I 
(.) 

E 

C 
E 
I 

C 
~ 
::I 
(.) 

>-
is. 
Q. 
::I 

1/1 
I 
(.) 

E 

4 

3.8 

3.6 

3.4 

3.2 

3 

2.8 

2.6 

2.4 

2.2 

4 

3.6 

3.2 

2.8 

2.4 

2 

1.6 

1.2 

0.8 

0.4 

o 

2 

VIC=O ~ 
VO=O 
No Load 

TLE2072 
SUPPLY CURRENT 

vs 
SUPPLY VOLTAGE 

TA = 125°C -
V -- I--I--I--

1------ TA = 25°C 

I""" I 
TA=-55°C 

0 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25 

IVCC±I- Supply Voltage - V 

Figure 35 

TLE2071 
SUPPLY CURRENTf 

vs 
FREE-AIR TEMPERATURE 

VIC=O 
Vo=O 
No Load 

VCC±=±15V -

~ VCC±=±5V 

-75 -55 -35 -15 5 25 45 65 85 105 125 

TA - Free-Air Temperature - °C 

Figure 37 

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 CHARACTERISTICS 
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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 CHARACTERISTICS 
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Figure 47 
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Figure 48 
TA - Free-Air Temperature - °C 

Figure 49 

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 CHARACTERISTICS 
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EQUIVALENT INPUT NOISE VOLTAGE 
(SPECTRAL DENSITY) 

vs 
FREQUENCY 
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Figure 53 
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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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TLE207x, TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH"SPEED 
JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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10 k 100k 

THIRD-OCTAVE SPECTRAL NOISE DENSITY 
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Figure 55 
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Frequency Bands 

Figure 56 
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JFET-INPUT OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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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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TLE207x, TLE207xA, TLE207xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
JFET"INPUT OPERATIONAL AMPLIFIERS 
SLOS181-FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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Figure 65 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various aevices. 
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JFET-INPUT OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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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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TLE207x,TLE207xA,TLE207xY 
EXCALIBUR LOW-NOISE HIGH~SPEED 
'JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

APPLICATION INFORMATION 

Input characteristics 

The TLE207x, TLE207xA, and TLE207xB are specified with a minimum and a maximum input voltage that if 
exceeded at either input could cause the device to malfunction. Because of the extremely high input impedance 
and resulting low bias current requirements, the TLE207x, TLE207xA, and TLE207xB are well suited for 
low-level signal processing; however, leakage currents on printed-circuit boards and sockets can easily exceed 
bias current requirements and cause degradation in system performance. It is good practice to include guard 
rings around inputs (see Figure 70). These guards should be driven from a low-impedance source at the same 
voltage level as the common-mode input. 

Vo Vo 

R3 

R4 

Where :: =: 
Figure 70. Use of Guard Rings 

TLE2071 input offset voltage nulling 

The TLE2071 series offers extemal null pins that can be used to further reduce the input offset voltage. The 
circuit of Figure 71 can be connected as shown if the feature is desired. When extemal nulling is not needed, 
the null pins may be left unconnected. 

IN-

OUT 

IN+ 

'---J\IV\,-- vcc-

Figure 71. Input Offset Voltage Nulling 
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TLE207x,TLE207xA,TLE207xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

JFET-INPUT OPERATIONAL AMPLIFIERS 
SLOS181- FEBRUARY 1997 

APPLICATION INFORMATION 

macro model information 

Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 4) and subcircuit Figure 72 were generated using the TLE207x typical electrical and 
operating characteristics at T A = 25°C. Using this information, output simulations of the following key parameters 
can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 4: G.A. Boyle. B.M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers", IEEEJoumal 
of Solid-State Circuits, SC-9, 353 (1974). 

3 EGND + DLN 
r-----l4t-.. 92 

.-..r-.91 
+ 

RP + DLP 
VLFi VLN 

+ 
VC 

2 
IN- -e+---1-----<ilf-t--' 

DC 

C1 
-= -= 

RD1 RD2 
DE 

5 

R01 

4 VCC-~~~--~~-~~-r-e~~~-----------__ 

VE 

.SUBCKT TLE2074 1 2345 
C1 11 12 2.2E-12 
C2 6 7 10.00E-12 
DC 5 53 DX 
DE 54 5 DX 
DLP 90 91 DX 
DLN 92 90 DX 
DP 4 3 DX 
EGND 99 0 POLY (2) (3,0) (4,0) 0.5.5 
FB 7 99 POLY (5) VB VC vI: VLP VLN 0 
+ 5.607E6 --6E6 6E6 6E6 --6E6 
GA 6 0 11 12333.0E--6 
GCM 0 6 1099 7.43E-9 
ISS 3 10 DC 400.0E--6 
HLiM 90 0 VLlM 1 K 
J1 11 2 10JX 
J2 12 1 10JX 

OUT 

R2 6 9 100.0E3 
RD1 4 11 3.003E3 
RD2 4 12 3.003E3 
R01 8 5 80 
R02 7 99 80 
RP 3 4 27.30E3 
RSS 10 99 500.0E3 
VB 9 0 DCO 
VC 3 53 DC 2.20 
VE 54 4 DC 2.20 
VLlM 7 8 DCO 
VLP 91 0 DC 45 
VLN 0 92 DC 45 
.MODEL DX DClS=800.0E-18) 
.MODEL JX PJi" (IS=15.00E-12 BETA=554.5E--6 
+VTO~.6) 
.ENDS 

Figure 72. Boyle Macromodel and Subcircut 

PSpice and Parts are trademarks of MicroSim Corporation. 
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• Direct Upgrades to TL05x, TL07x, and 
TL08x BiFET OperatiOnal Amplifiers 

• Greater Than 2x Bandwidth (10 MHz) and 
3x Slew Rate (45 VI!1S) Than TL08x 

description 

TLE208x,TLE208xA, TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182- FEBRUARY 1997 

• On-Chip Offset Voltage Trimming for 
Improved DC Performance 

• Wider Supply Rails Increase Dynamic 
Signal Range to ±19 V 

The TLE208x series of JFET-input operational amplifiers more than double the bandwidth and triple the slew 
rate of the TL07x and TL08x families of BiFET operational amplifiers. The TLE208x also have wider 
supply-voltage rails, increasing the dynamic-signal range for BiFET circuits to ±19 V. On-chip zener trimming 
of offset voltage yields precision grades for greater accuracy in dc-coupled applications. The TLE208x are 
pin-compatible with lower performance BiFET operational amplifiers for ease in improving performance in 
existing designs. 

BiFET operational amplifiers offer the inherently higher input impedance of the JFET-input transistors, without 
sacrificing the output drive associated with bipolar amplifiers. This makes these amplifiers better suited for 
interfacing with high-impedance sensors or very low level ac signals. They also feature inherently better ac 
response than bipolar or CMOS devices having comparable power consumption. 

Because BiFET operational amplifiers are designed for use with dual power supplies, care must be taken to 
observe common-mode input-voltage limits and output voltage swing when operating from a single supply. DC 
biasing of the input signal is required and loads should be terminated to a virtual ground node at mid-supply. 
Texas Instruments TLE2426 integrated virtual ground generator is useful when operating BiFET amplifiers from 
single supplies. 

The TLE208x are fully specified at ±15 V and ±5 V. For operation in low-voltage and/or single-supply systems, 
Texas Instruments LinCMOSTM families of operational amplifiers (TLC- and TLV-prefix) are recommended. 
When moving from BiFET to CMOS amplifiers, particular attention should be paid to slew rate and bandwidth 
requirements and output loading. 

For BiFET Circuits requiring low noise and/or tighter dc preCision, the TLE207x offer the same ac response as 
the TLE208x with more stringent dc and noise specifications. 

l,.inCMOS is a trademark of Texas Instruments Incorperated. 
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TLE208x, TLE208xA,TLE208xY 
EXCALIBURHIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
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TLE2081 AVAILABLE OPTIONS 

PACKAGED DEVICES 

Vlomax CHIP 
TA 

SMALL CERAMIC PLASTIC 
AT 25°C OUTLINE CARRIER DIP DIP 

(D) (FK) (JG) (P) 

O°C to 70°C 
3mV TLE2081ACO TLE2081ACP 
6mV TLE2081CO - - TLE2081CP 

-55°C to 125°C 
3mV TLE2081AMFK TLE2081AMJG 
6mV - TLE2081MFK TLE2081MJG -

tThe 0 packages are available taped and reeled. Add R suffix to device type (e.g., TLE2081ACOR). 
:j: Chip fOm1s are tested at TA = 25°C only. 

TLE2082 AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA 
Vlomax SMALL CHIP CERAMIC PLASTIC 
AT 25°C OUTLINE CARRIER DIP DIP 

(D) (FK) (JG) (P) 

4mV TLE2082ACD 
! 

TLE2082ACP 
O°Cto 70°C 

7mV TLE2082CD - - TLE2082CP 

-40°C to 85°C 
4mV TLE2082AID TLE2082AIP 
7mV TLE20821D - - TLE20821P 

-55°C to 125°C 
4mV TLE2082AMb TLE2082AMFK TLE2082AMJG TLE2082AMP 
7mV TLE2082MD TLE2082MFK TLE2082MJG TLE2082MP 

:j: The 0 packa~s are available taped and reeled. Add R suffix to device type (e.g., TLE2082ACDR). 
:j: Chip fOm1s are tested at TA = 25°C only. 

TLE20l14 AVAILABLE OPTIONS 

PACKAGED DEVICES 

Vlomax 
TA 

SMALL CHIP CERAMIC PLASTIC 
AT 25°C OUTLINE CAI'fRIER DIP DIP 

(OW) (FK) (J) (N) 

O°C to 70°C 
4mV TLE2084ACOW - TLE2084ACN 
7mV TLE2084COW - TLE2084CN 

-5500 to 125°C 
4mV TLE2084AMFK TLE2084AMJ 
7mV - TLE2084MFK TLE2084MJ -

tThe OW packages are available taped and reeled. Add R suffiX to deVice type (e.g., TLE2084ACDWR). 
:j: Chip fOm1s are tested at TA = 25°C only. 
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TLE2081 
D, JG, OR P PACKAGE 

(TOP VIEW) 

IN - 2 . 7. VCC+ 
OFFSET N1 08 . NC 

IN+ 3 6 OUT 

VCC- 4 5 OFFSET N2 

TLE2081 
FKPACKAGE 
(TOP VIEW) 

Z 
tu en 
U-ou-ooo 

ZOZZZ 

NC 
3 2 1 2019 

NC 4 18 
IN- 5 17 VCC+ 
NC 6 16 NC 

IN+ 7 15 OUT 

NC 8 14 NC 
9 10 11 12 13 

0 10C\lO 
Z 8 z z z 

> tu 
~ 
U-
0 

NC - No internal connection 

symbol 

IN+ 

IN-

TLE208x, TLE208xA,TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 

TLE2082 TLE2084 
D, JG, OR P PACKAGE 

(TOP 'VIEW) 
J OR N PACKAGE 

(TOP VIEW) 

10UTOVCC, lOUT 1 
11N- 2 7 20UT 1IN-

1IN + 3 6 21N- 11N+ 

VCC- 4 5 21N+ VCC"" 
21N+ 

TLE2082 
FKPACKAGE 
(TOP VIEW) 

I- + 

050 8 0 z ... z>z 

NC 
3 2 1 2019 

NC 4 18 
1IN- 5 17 20UT 

NC 6 16 NC 

11N+ 7 15 21N-

NC 8 14 NC 
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0 10+0 
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TLE2084 
DWPACKAGE 

(TOP VIEW) 

10UT 1 40UT 
41N-

41N+ 

VCC+ 4 VCC-
21N+ 31N+ 
21N- 11 31N-

20UT 7 

NC 8 

TLE2084 
FKPACKAGE 
(TOP VIEW) 
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3 2 1 2019 
41N+ 4 18 

5 17 NC 

6 16 VCC-
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TLE208x, TLE208xA, TLE208xY 
EXCALIBUR HIGH-SPEED. JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOS182- FEBRUARY 1997 

TLE2081 Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLE2081. 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. 

----------------
------------------------

------------------
---------
--------
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BONDING PAD ASSIGNMENTS 

14 58 -------~.I 
11111111/111111111111'11/111111'1111111'11111"111111"1III' 

~TEXAS 
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OFFSET N1 ~ vCC+ 
(7) 

IN+ 

IN-

OFFSETN2 
VCC-

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 THE CHIP. 
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TLE2082Y chip information 

TLE208x, TLE208xA, TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182- FEBRUARY 1997 

This chip, when properly assembled, displays characteristics similar to the TLE2082. 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 

1'111111111'111'111'11111'111'1'11111111111111111'11111"'1'1'1'\11 1 "1"'1 ' 11 1'1 

~TEXAS 
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11N+ 

11N-

20UT (6) 

VCe-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ± 10%. 

ALL DIMENSIONS ARE IN MILS. 

21N-

PIN (4) IS INTERNALLY CONNECTED 
TO BACKSIDE OF THE CHIP. 
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TLE208x,TLE20axA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOSl82 - FEBRUARY 1997 

TLE2084Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLE2084. 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. 

6-230 

BONDING PAD ASSIGNMENTS 

�144-------100 -------~~I 
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VCC-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ± 10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (11) IS INTERNALLY CONNECTED 
TO BACKSIDE OF THE CHIP. 
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OFFSETNl 
(see Note A) 

NOTE A: OFFSET N1 AND OFFSET N2 are only availiable on the TLE2081x devices. 

OFFSETN2 
(see Note A) 

ACTUAL DEVICE COMPONENT COUNT 

COMPONENT TLE2081 TLE2082 TLE2084 

Transistors 33 57 114 

Resistors 25 37 74 

Diodes 8 5 10 

Capacitors 6 11 22 
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TLE208x, TLE208xA,TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOSl82- FEBRUARY 1997 

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

Supply voltage, VCC+ (see Note 1) ...................................•............... \...... 19 V 
Supply voltage, VCC- (see Nole 1) ......................................................... -19 V 
Differential input voltage range, VIO (see Note 2) ................. ,................... VCC+ to Vcc-
Input voltage range, VI (any input) .................................................. Vcc+ to Vcc-
Input current, II (each input) .............................................................. ±1 mA 
Output current, 10 (each output) ......................................................... ±80 mA 
Total current into Vcc+ .................................................................. 160 mA 
Total current out of Vcc- ....... ' ......................................................... 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free~air temperature range, TA: C suffix ....................................... O°C to 70°C 

I suffix .................................... -40°C to 85°C 
M suffix .................................. -55°C to 125°C 

Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DWor N package ............... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are siress 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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential vo~ages, are with respect to the midpoint between VCC+ and VCC-. 
2. Differential voltages are at IN+ with respect to IN-. 
3. The output can be shorted to either supply. Temperatures and/or supply voltages must be limited to ensure that the maximum 

dissipation rate is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA:>25°C DERATiNG FAt;TOR TA = 70°C TA = 85°C TA= 125°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING POWER RATING 

D 725mW 5.SmW/"C 464mW 377mW 145mW 

OW 1025 mW S.2mW/"C 656mW 533mW 205mW 

FK 1375mW 11.0mW/"C SBOmW 715mW 275mW 

J 1375mW 11.0mW/oC 880mW 715mW 275mW 

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

N 1150mW 9.2mW/"C 736mW 59SmW 230mW 

p l000mW 8.0mW/"C 640mW 344mW 200mW 

recommended operating conditions 

CSUFFIX I SUFFIX MSUFFIX 

Supply vo~ge, VCC± 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

6-232 

MIN 

±2.25 

I VCC±=±5 V -0.9 

I VCC±=±15 V -,10.9 

0 

~TEXAS 
INSTRUMENTS 
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MAX 

±19 

5 

15 

70 

MIN MAX MIN MAX 

±2.25 ±19 ±2.25 ±19 

-0.8 5 -0.8 5 

-10.8 15 -10.S 15 

-40 85 -55 125 

UNIT 

V 

V 

°C 



TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOSI 82 - FEBRUARY 1997 

TLE2081C electrical characteristics at specified free-air temperature, VCC± = ±5 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

ri Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio(&VCC±I&VIO) 

t Full range IS O°C to 70°C. 

TAt 
TLE2081C 

TEST CONDITIONS 
MIN 

25°C 

VIC=O. VO=O. Full range 
RS=50n 

Full range 

25°C 

VIC=O. VO=O. Full range 

See Figure 4 25°C 

Full range 

5 
25°C to 

-1 
Rs=50n 

5 
Full range to 

-0.9 

25°C 3.8 
10 = -200 jJ.A 

Full range 3.7 

25°C 3.5 
10=-2mA 

Full range 3.4 

25°C 1.5 
10=-20mA 

Full range 1.5 

25°C -3.5 
10 = 200 jJ.A 

Full range -3.4 

25°C -3.7 
10=2mA 

Full range -3.6 

25°C -1.5 
10=20mA 

Full range -1.5 

25°C 80 
RL=600n 

Full range 79 

25°C 90 
VO=±2.3V RL=2 kn 

Full range 89 

25°C 95 
RL=10kn 

Full range 94 

VIC=O 25°C 

VIC=O. Common mode 25°C 
See Figure 5 Differential 25°C 

1=1 MHz 25°C 

VIC = VICRmin. 25°C 70 

VO=O. RS=50n Full range 68 

VCC±=±5 Vto±15 V. 25°C 82 

VO=O. RS=50n Full range 80 

~TEXAS 
INSTRUMENTS 
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TYP 

0.34 

3.2 

5 

15 

5 
to 

-1.9 

4.1 

3.9 

2.3 

-4.2 

-4.1 

-2.4 

91 

100 

106 

1012 

11 

2.5 

80 

89 

99 

TLE2081AC 
UNIT 

MAX MIN TYP MAX 

6 0.3 3 
mV 

8 5 

29 3.2 29 !lvrC 

100 5 100 
nA 

1.4 1.4 

175 15 175 
nA 

5 5 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.9 

3.8 4.1 

3.7 

3.5 3.9 
V 

3.4 
C' 

1.5 2.3 

1.5 

-3.5 -4.2 

-3.4 

-3.7 -4.1 
V 

-3.6 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 
dB 

89 

95 106 

94 

1012 g 

11 

2.5 
pF 

80 g 

70 89 
dB 

88 

82 99 
dB 

80 
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TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET .. INPUT 
OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2081C electrical characteristics at specified free-air temperature, Vcc± = ±5 V (unless 
otherwise noted) (continued) 

'fLE2081C TLE2081AC 
PARAMETER TEST CONDITIONS TAt UNIT 

MIN TYP MAX MIN TYP MAX 

25°C 1.35 1.6 2.2 1.35 1.6 2.2 
ICC' Supply current VO=O, No load mA 

Full range 2.2 2.2 

Short-circuit output I VIO= 1 V -35 -35 
lOS VO=O 25°C mA 

current IVIO=-1 V 45 45 

t Full range IS O°C to 70°C. 

TLE2081C operating characteristics at specified free-air temperature, Vcc± = ±5 V 

iAt 
TLE2081C TLE2081AC 

PARAMETER TEST CONDIT!ONS UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 35 35 

SR+ Positive slew rate Full V/Jls 
VO(PP) = ±2.3 V, range 23 23 

AVO =-1, RL = 2 kO, 
25°C 38 38 CL= l00pF, See F'igure 1 

SR- Negative slew rate Full V/JlS 
23 23 

range 

AVO=-l, To 10mV 0.25 0.25 

ts Settling time 2-Vstep, 
25°C JlS RL= 1 kO, 

CL=100pF 
Tol mV 0.4 0.4 

Equivalent input noise f= 10Hz 28 28 
nV/VHz Vn 25°C 

voltage f= 10kHz 11.6 11.6 

RS=20n, f= 10 Hz to 
6 6 

Peak-to-peak equivalent See Figure 3 10 kHz 
VN(PP) input noise voltage 25°C JlV 

f= 0.1 Hz to 
10Hz 

0.6 0.6 

In 
Equivalent input noise 

VIC =0, f=10kHz 25°C 2.8 2.8 IAlVHz 
current 

Total harmonic distortion 
VO(PP) = 5 V, AVO = 10, 

THO+N 
plus noise 1=1 kHz, RL=2 kO, 25°C 0.013% 0.013% 

RS=25n 

Bl Unity-gain bandwidth VI=10mV, RL= 2 kO, 
25°C 9.4 9.4 MHz 

CL=25 pF, See Figure 2 

BOM 
Maximum output-swing VO(PP) = 4 V, AVO = -1, 25°C 2.8 2.8 MHz 
bandwidth RL=2kn, CL=25pF 

<!1m Phase margin at unity gain VI=10mV, RL=2kn, 
25°C 56° 56° 

CL=25pF, See Figure 2 

t Full range is O°C to 70°C. 

~TEXAS . 
INSTRUMENTS 
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TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH·SPEED JFET·INPUT 

OPERATIONAL AMPLIFIERS 
SLOSl82 - FEBRUARY 1997 

TLE2081C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
avlO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

large-signal differential 
AVO voltage amplification 

I'j Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio (aVCC±laVIO) 

t Full range is O°C to 70°C. 

TAt 
TLE2081C 

TEST CONDITIONS 
MIN 

25°C 

VIC=O, VO=O, Full range 
RS=500 

Full range 

25°C 

VIC =0, VO=O, Full range 

See Figure 4 25°C 

Full range 

15 
25°C to 

-11 
RS=500 

15 
Full range to 

-10.9 

25°C 13.8 
10 = -200 IJ.A 

Full range 13.7 

25°C 13.5 
10=-2mA 

Full range 13.4 

25°C 11.5 
10=-20mA 

Full range 11.5 

25°C -13.8 
10 = 200 IJ.A 

Full range -13.7 

250C -13.5 
10=2mA 

Full range -13.4 

25°C -11.5 
10=20mA 

Full range -11.5 

25°C 80 
Rl=6oo0 

Full range 79 

25°C 90 
VO=±10V Rl=2kO 

Full range 89 

25°C 95 
Rl= 10ke 

Full range 94 

VIC=O 25°C 

Common 
25°C VIC=O, mode 

See Figure 5 
Differential 25°C 

f= 1 MHz 25°C 

VIC = VICRmin, 25°C 80 

VO=O, RS=500 Full range 79 

VCC±=±5Vto±15V, 25°C 82 
VO=O, RS=500 Full range 80 

-!lJTEXAS 
INSTRUMENTS 

TYP 

0.49 

3.2 

6 

20 

15 
to 

-11.9 

14.1 

13.9 

12.3 

-14.2 

-14 

-12.4 

96 

109 

118 

1012 

7.5 

2.5 

80 

98 

99 

POST OFFICE sox 655303 • DALLAS, TEXAS 75285 

TLE2081AC 
UNIT 

MAX MIN TYP MAX 

6 0.47 3 
mV 

8 5 

29 3.2 29 IlVPC 

100 6 100 
nA 

1.4 1.4 

175 20 175 
nA 

5 5 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.9 

13.8 14.1 

13.7 

13.5 13.9 
V 

13.4 

11.5 12.3 

11.5 

-13.8 -14.2 

-13.7 

-13.5 -14 
V 

-13.4 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 
dB 

89 

95 118 

94 

1012 0 

7.5 
pF 

2.5 

80 0 

80 98 
dB 

79 

82 99 
dB 

81 
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TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH"SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2081C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -

TAt 
TLE2081C TLE2081AC 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP 

25°C 1.35 1.7 2.2 1.35 1.7 
ICC Supply current VO=O, No load 

Full range 2.2 

Short-circuit output IVlo= 1 V -30 -45 -30 -45 
lOS current VO=O 

IVIO=-1 V 
25°C 

30 48 30 48 

t Full range IS O°C to 70°C. 

TLE2081C operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak 
VN(PP) equivalent input noise 

voltage 

In 
Equivalent input noise 
current 

Total harmonic 
THO+N 

distortion plus noise 

B1 Unity-gain bandwidth 

BOM 
Maximum output-
swing bandwidth 

~m 
Phase margin at unity 
gain 

t Full range IS O°C to 70"C. 

6-236 

TAt TEST CONDITIONS 
MIN 

25°C 30 

Full 
VO(PP) = 10 V, AVO =-1, range 

27 

RL=2kQ, CL=100pF, 
25°C 30 See Figure 1 
Full 

range 
27 

AVO=-1, T010mV 
10-V step, 

25°C 
RL=1kQ, 
CL=100pF 

T01 mV 

1=10Hz 

1=10kHz 
25°C 

RS=20Q, 1= 10 Hz to 
See Figure 3 10kHz 

25°C 
1= 0.1 Hz to 

10 Hz 

VIC=O, 1= 10kHz 25°C 

VO(PP) = 20 V, AVO = 10, 
1= 1 kHz, RL= 2 kg, 25°C 
RS=25n 

VI=10mV, RL=2 kg, 
25°C 8 

CL=25pF, See Figure 2 

VO(pp)=20V, AVO=-1, 
RL=2kn, CL=25pF 

25"C 478 

VI=10mV, RL =2 kg, 
25°C CL=25pF, See Figure 2 

~TEXAS 
INSTRUMENTS 

TLE2081C 

TYP 

40 

45 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

10 

637 

57° 
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TLE2081AC 

MAX MIN TYP 

30 40 

27 

30 45 

27 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

8 10 

478 637 

57" 

UNIT 
MAX 

2.2 
rnA 

2.2 

rnA 

UNiT 
MAX 

V/fJS 

V/fJS 

/.IS 

nVVAl 

/.IV 

lA/VAl 

MHz 

kHz 



TLE208x,TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182-FEBRUARY 1997 

TLE2081M electrical characteristics at specified free-air temperature, VCC+ = ±5 V (unless 
otherwise noted) -

TLE2081M 
PARAMETER TEST CONDITIONS TAt 

MIN TYP 

25°C 0.34 
VIO Input offset voltage 

VIC=O, VO=O, Full range 

Temperature coefficient of RS=50Q 
CtVIO input offset voltage 

Full range 3.2 

25°C 5 
110 Input offset current 

Full range VIC=O, VO=O, 
See Figure 4 25°C 15 

liB Input bias current 
Full range 

5 5 
25°C to to 

Common-mode input -1 -1.9 
VICR RS=50Q 

voltage range 5 
Full range to 

-0.8 

25°C 3.8 4.1 
10 =-200 !1A 

Full range 3.6 

Maximum positive peak 25°C 3.5 3.9 
VOM+ 10=-2mA 

output voltage swing Full range 3.3 

25°C 1.5 2.3 
10=-20mA 

Full range 1.4 

25°C -3.8 -4.2 
10 =200!1A 

Full range -3.6 

Maximum negative peak 25°C -3.5 -4.1 
VOM- 10=2mA 

output voltage swing Full range -3.3 

25°C -1.5 -2.4 
10=20mA 

Full range -1.4 

25°C 80 91 
RL=6ooQ 

Full range 78 

Large-signal differential 25°C 90 100 
AVO VO=±2.3V RL=2ka 

voltage amplification Full range 88 

25°C 95 106 
RL= 10ka 

Full range 93 

Ij Input resistance VIC=O 25°C 1012 

Common 
25°C 11 VIC=O, mode ci Input capacitance See Figure 5 

Differential 25°C 2.5 

Zo 
Open-loop output 

f= 1 MHz 25°C 80 
impedance 

Common-mode VIC = VICRmin, 25°C 70 89 
CMRR 

rejection ratio VO=O, RS=50Q Full range 68 

Supply-voltage rejection VCC±=±5Vto±15V, 25°C 82 99 
ksVR ratio (Ll.VCC±/Ll.VIO) VO=O, RS=50Q Full range 80 

'On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested. 
t Full range is -55°C to 125°C. 

~1ExAs 
INSTRUMENTS 
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TLE2081AM 
UNIT 

MAX MIN TYP MAX 

6 0.3 3 
mV 

11.2 8.2 

29' 3.2 29' IlV/oC 

100 5 100 pA 

20 20 nA 

175 15 175 pA 

65 65 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.8 

3.8 4.1 

3.6 

3.5 3.9 
V 

3.3 

1.5 2.3 

1.4 

-3.8 -4.2 

-3.6 

-3.5 -4.1 
V 

-3.3 

-1.5 -2.4 

-1.4 

80 91 

78 

90 100 
dB 

88 

95 106 

93 

1012 Q 

11 
pF 

2.5 

80 Q 

70 89 
dB 

68 

82 99 
dB 

80 
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EXCALIBUR HIGH-SPEED JFET-INPUT 
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TLE20~1M electrical c.:haracteristics at specified ·free-air temperature, VCC± == ±5 V (unless 
otherwise noted) (continued) , . . 

TEST CONDITIONS TAt 
TLE2081M TLE2081AM 

PARAMETER 
MIN TYP MAX MIN TYP 

25°C 1.35 1.6 2.2 1.35 1.6 
ICC Supply current VO=O, No load 

Full range 2.2 

Short-circuit output IVlo= 1 V -35 -35 
lOS VO=O 25°C 

current IVID=-l V 45 45 

t Full range IS -55°C to 125°C. 

TLE2081M operating characteristics at specified free-air temperature, VCC± = ±5 V 

TAt 
TLE2081M 

PARAMETER TEST CONDlT!ONS 
MIN TYP 

25°C 35 

SR+ Positive slew rate Full 
20' VO(PP) = ±2.3 V, range 

AVO=-l, RL=2kn, 
25°C 38 CL= 100pF, See Figure 1 

SR- Negative slew rate Full 
20' range 

AVO=-l, Tol0mV 0.25 

Is Settling time 2-V step, 
25°C 

RL=lkQ, 
CL=100pF 

Tol mV 0.4 

Equivalent input noise f=10Hz 28 
Vn voltage 

25°C 
f=10kHz 11.6 

RS=20Q, f= 10Hzto 
6 Peak-to-peak See Figure 3 10kHz 

VN(PP) equivalent input noise 25°C 
voltage f= 0.1 Hzto 

0.6 
10 Hz 

In 
Equivalent input noise 

VIC =0, f=10kHz 25°C 2.8 
current 

Total harmonic 
VO(pp)=5V, AVO = 10, 

THO+N 
distortion plus noise f= 1 kHz, RL=2kQ, 25°C 0.013% 

RS=25Q 

Bl Unity-gain bandwidth VI=10mV, RL= 2 kQ, 
25°C 9.4 

CL=25pF, See Figure 2 

BOM 
Maximum output-swing VO(pp)=4 V, AVO =-1, 25°C 2.8 bandwidth RL=2kn, CL=25pF 

C/lm 
Phase margin at unity VI=10mV, RL=2kn, 

25°C 56° gain CL=25pF, See Figure 2 

'On products compliant to MIL-PRF-38535, Class B, thiS parameter is not production tested. 
t Full range is -55°C to 125°C. 
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TLE2081AM 

MAX MIN TYP 

35 

20' 

38 

20' 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

2.2 
rnA 

2.2 

rnA 

UNIT 
MAX 

V//J.s 

V/IJ.S 

IJ.S 

nVNHz 

/J.V 

fA/..JFiZ 

MHz 

MHz 



TLE208x,TLE208xA, TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2081M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) . -

TAt 
TLE2081M 

PARAMETER TEST CONDITIONS 
MIN TYP 

25°C 0.49 
VIO Input offset voltage 

VIC=O, VO=O, Full range 

Temperature coefficient RS=500 
(lVIO of input offset voltage Full range 3.2 

25°C 6 
110 Input offset current 

Full range VIC=O, VO=O, 
See Figure 4 25°C 20 

liB Input bias current 
Full range 

15 15 
25°C to to 

Common-mode input -11 -11.9 
VICR voltage range RS=500 

15 
Full range to 

-10.8 

25°C 13.8 14.1 
10=-200~ 

Full range 13.6 

Maximum positive peak 25°C 13.5 13.9 
VOM+ 10=-2mA 

output voltage swing Full range 13.3 

25°C 11.5 12.3 
10=-20mA 

Full range 11.4 

25°C -13.8 -14.2 
10=200~ 

Full range -13.6 

Maximum negative peak 25°C -13.5 -14 
VOM- 10=2mA 

output voltage swing Full range -13.3 

25°C -11.5 -12.4 
10=20mA 

Full range -11.4 

25°C 80 96 
RL=6000 

Full range 78 

Large-signal differential 25°C 90 109 
AVD VO=±10V RL=2kO 

voltage amplification Full range 88 

25°C 95 118 
RL=10kO 

Full range 93 

~ Input resistance VIC=O 25°C 1012 

Common 
25°C 7.5 VIC=O, mode ci Input capacitance See Figure 5 

Differential 25°C 2.5 

Zo 
Open-loop output 

f=1 MHz 25°C 80 
impedance 

Common-mode VIC = VICRmin, 25°C 80 98 
CMRR 

rejection ratio VO=O, RS=500 Full range 78 

Supply-voltage rejection VCC±=±5Vto±15V, 25°C 82 99 
kSVR ratio (AVCC±/AVIO) VO=O, RS=500 Full range 80 

'On products compilant to MIL-PRF-38535, Class B, this parameter is not production tested. 
t Full range is -55°C to 125°C. 
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TLE2081AM 
UNIT 

MAX MIN TYP MAX 

6 0.47 3 
mV 

11.2 8.2 

29' 3.2 29' IlVloC 

100 6 100 pA 

20 20 nA 

175 20 175 pA 

65 65 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.8 

13.8 14.1 

13.6 

13.5 13.9 
V 

13.3 

11.5 12.3 

11.4 

-13.8 -14.2 

-13.6 

-13.5 -14 
V 

-13.3 

-11.5 -12.4 

-11.4 

80 96 

78 

90 109 
dB 

88 

95 118 

93 

1012 a 

7.5 
pF 

2.5 

80 a 

80 98 
dB 

78 

82 99 
dB 

80 
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TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOSl82 - FEBRUARY 1997 

TLE2081M electrical characteristics at specified free-air temperaturej VCC±= ±15 V (unless 
otherWise noted)(continued) . 

TLE2081M TLE2081AM 
PARAMETER TEST CONDITIONS TAt 

MIN TYP MAX MIN TYP 

25°C 1.35 1.7 2.2 1.35 1.7 
ICC Supply current VO=O, No load 

Full range 2.2 

Short-circuit output IV,o= 1 V -30 -45 -30 -45 
lOS current VO=O 

LV,O=-lV 
25°C 

30 48 30 48 

t Full range is -55°C to 125°C. 

TLE2081M operating characteristics at specified free-air temperature, VCC± = ±15 V 

TAt 
TLE2081M 

PARAMETER TEST CONDITIONS 
MIN TYP 

25°C 30 40 

SR+ Positive slew rate Full 
VO(PP) = 10 V, 22 

range 
AVO=-l, RL = 2 k.Q, 

25°C 30 45 CL = 100 pF, See Figure 1 
SR- Negative slew rate Full 

22 range 

AVO=-l, To 10mV 0.4 

ts Settling time 10-V step, 
25°C 

RL=lkn, 
CL=100pF Tol mV 1.5 

Equivalent input noise f=10Hz 2S 
Vn 25°C 

voltage f= 10kHz 11.6 

RS=20Q, f= 10Hzto 
6 Peak-to-peak See Figure 3 10 kHz 

VN(PP) equivalent input noise 25°C 
voltage f=0.1Hzto 

0.6 
10 Hz 

In 
Equivalent input noise 

V'C=O, f=10kHz 25°C 2.S 
current 

Total harmonic distortion 
VO(PP) = 20 V; AVO = 10, 

THO+N 
plus noise 

f= 1 kHz, RL=2kQ, 25°C 0.008% 
RS=250 

Bl Unity-gain bandwidth 
V,=10mV, RL=2kO, 25°C S· 10 
CL=25pF, See Figure 2 

BOM 
Maximum output-swing VO(PP) = 20 V, AVD = -1, 25°C 47S" 637 
bandwidth RL=2k.Q, CL=25pF 

'm 
Phase margin at unity V,=10mV, RL = 2 k.Q, 

25°C 57° gain CL=25pF, See Figure 2 

*On products compliant to MIL-PRF-3S535, Class B, thiS parameter IS not production tested. 
t Full range is -55°C to 125°C. 
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TLE2081AM 

MAX MIN TYP 

30 40 

22 

30 45 

22 

0.4 

1.5 

2S 

ii.6 

6 

0.6 

2.S 

O.OOs°;' 

S" 10 

47S· 637 

57° 

UNIT 
MAX 

2.2 
rnA 

2.2 

mA 

UNIT 
MAX 

V/IJS 

V/flS 

IJS 

nV/.JFii 

IlV 

fAl..JHz 

MHz 

kHz 



TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2081Y electrical characteristics at VCC±::: ±15 V, TA = 25°C 

PARAMETER 

VIO Input offset voijage 

',0 Input offset current 

liB Input bias current 

V,CR Common-mode input voltage range 

VOM+ 
Maximum positive peak 
output voltage swing 

VOM-
Maximum negative peak output 
voijage swing 

AVO 
Large-signal differential voijage 
amplification 

ri Input resistance 

ci Input capacitance 

zo Open-loop output impedance 

CMRR Common-mode rejection ratio 

kSVR 
Supply-voltage rejection ratio 
(~VCC+/~VIO) 

ICC Supply current 

lOS Short-circuit output current 

TEST CONDITIONS 

V,C=O. VO=O. RS=50Q 

V,C=O. VO=O. See Figure 4 

RS=50Q 

'0=-20011A 

10=-2mA 

10 =-20 mA 

10 = 200 IIA 
10=2mA 

10=20mA 

RL=600Q 

VO=± 10V RL=2kQ 

RL= 10kQ 

V,C=O 

Common mode 
V'C=O. See Figure 5 

Differential 

f= 1 MHz 

V'C = V,CRmin. VO=O. 

VCCr ±5 V to ±15 V. VO=O. 

VO=O. No load 

V,O=1 V 
VO=O 

V'O=-1 V 

~TEXAS 
INSTRUMENTS . 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

RS=50Q 

RS=50Q 

TLE2081Y 

MIN TYP MAX 
UNIT 

0.49 6 mV 

6 100 

20 175 
pA 

15 15 
to to V 

-11 11.9 

13.8 14.1 

13.5 13.9 V 

11.5 12.3 

-13.8 -14.2 

-13.5 -14 V 

-11.5 -12.4 

80 96 

90 109 dB 

95 118 

1012 n 
7.5 

2.5 
pF 

80 Q 

80 98 dB 

82 99 dB 

1.35 1.7 2.2 mA 

-30 -45 
mA 

30 48 
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TLE208x, TLE208xA, TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOSl82 - FEBRUARY 1997 

TLE2082C electrical characteristics at specified free-air temperature, VCC± = ±S V (unless 
otherwise noted) 

PARAMETER 

V,O Input offset voltage 

Temperature coefficient 
(lVIO of input offset voltage 

',0 Input offset current 

liB Input bIas current 

Common-mode input 
V,CR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVO voltage amplification 

ri Input resistance 

ci 
Input I Common mode 
capacitance I Differential 

zo Open-loop output impedance 

CMRR Common-mode rejection ratio 

Supply-voltage rejection 
ksVR ratio(LWCC± IAV,O) 

Supply current 
ICC (both channels) 

t Full range IS O°C to 700e;:. 
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TEST CONDITIONS TAt 

25°C 

V'C =0, VO=O, Full range 
RS=50n 

Full range 

25°C 

V'C =0, VO=O, Full range 

See Figure 4 25°C 

Full range 

25°C 

Rs=50a 

Full range 

25°C 
10 =-200 IIA 

Full range 

25°C 
10=-2 rnA 

Full range 

25°C 
'0=-20mA 

Full range 

25°C 
10 = 200 IIA 

Full range 

25°C 
10=2mA 

Full range 

25°C 
10=20 rnA 

Full range 

25°C 
RL=600a 

Full range 

VO=±2.3V RL=2kO 
25°C 

Full range 

25°C 
RL=10kO 

Full range 

V,C=O 25°C 

V'C=O, See Figure 5 
25°C 

25°C 

f= 1 MHz 25°C 

V'C = V,CRmin, 25°C 

VO=O, RS=50a Full range 

VCC±=±5 Vto±15 V, 25°C 

VO=O, RS=50a Full range 

25°C 
VO=O, No load 

Full range 

~TEXAS 
INSTRUMENTS 

TLE2082C 

MIN TYP 

0.9 

2.3 

5 

15 

5 5 
to to 

-1 -1.9 

5 
to 

-0.9 

3.8 4.1 

3.7 

3.5 3.9 

3.4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 

-3.4 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 

89 

95 106 

94 

1012 

11 

2.5 

80 

70 89 

68 

82 99 

80 

2.7 2.9 
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TLE2082AC 
UNIT 

MAX MIN, TYP MAX 

6 0.65 4 
mV 

8.1 5.1 

25 2.3 25 IN/"C 

100 5 100 pA 

1.4 1.4 nA 

175 15 175 pA 

5 5 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.9 

3.8 4.1 

3.7 

3.5 3.9 
V 

3.4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 
V 

-3.4 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 
dB 

89 

95 106 

94 

1012 a 

11 

2.5 
pF 

80 a 

70 89 
dB 

68 

82 99 
dB 

80 

3.6 2.7 2.9 3.6 
rnA 

3.6 ,3.6 



TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182- FEBRUARY 1997 

TLE2082C electrical characteristics at specified free-air temperature, VCC+ = ±5 V (unless 
otherwise noted) (continued) -

TLE2082C TLE2082AC 
PARAMETER TEST CONDITIONS TA 

MIN TYP MAX MIN TYP 

Crosstalk attenuation VIC=O, RL=2kn 25°C 120 120 

IVIO=l V -35 -35 
lOS Short-circuit output current VO=O 

IVID=-l V 
25°C 

45 45 

TLE2082C operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn 

voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distortion 
THO+N 

plus noise 

B1 Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

C\lm 
Phase margin at unity 
gain 

t Full range IS O°C to 70°C. 

TLE2082C 
TEST CONDITIONS TAt 

MIN TYP 

25°C 

Full 
VO(PP) = ±2.3 V, range 
AVO=-l, 
CL = 100 pF, 

AVO=-l, 
2-V step, 
RL= 1 kQ, 
CL=100pF 

RS=20Q, 
See Figure 3 

VIC=O, 

VO(pp)=5V, 
1=1 kHz, 
RS=25Q 

VI=10mV, 
CL=25pF, 

VO(pp)=4V, 
RL=2kn, 

VI= 10mV, 
CL=25pF, 

RL=2 kn, 
25°C See Figure 1 
Full 

range 

Tol0mV 
25°C 

Tol mV 

1= 10Hz 
25°C 

1= 10 kHz 

1= 10 Hz to 
10kHz 

25°C 
1= O.lHz to 

10Hz 

1= 10kHz 25°C 

AVO = 10, 
RL=2kn, 25°C 

RL=2 kn, 
25°C 

See Figure 2 

AVO=-1, 
25°C CL=25pF 

RL =2 kn, 
25°C See Figure 2 

~TEXAS 
INSTRUMENTS 

35 

22 

38 

22 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 
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TLE2082AC 

MAX MIN TYP 

35 

22 

38 

22 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

dB 

mA 

UNIT 
MAX 

Vljls 

VljlS 

jlS 

nVIVHz 

jlV 

lAIVHz 

MHz 

MHz 
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TLE208x,TLE208xA,TLE208xY 
EXCALIBUR HIGH·SPEED JFET·INPUT 
OPERATIONAL AMPLIFIERS 
SLOSl82 - FEBRUARY 1997 

TLE2082C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
(lVIO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVD voltage amplification 

rJ Input resistance 

Common 

ci 
Input 
capacitance 

mode 

Differential 

Open-loop output 
zo impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio (AVCC±IINIOl 

t Full range IS O°C to 70°C. 
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TAt 
TLE2082C 

TEST CONDITIONS 
MIN 

25°C 

VIC=O. VO=O. Full range 
RS=50n 

Full range 

25°C 

VIC=O. VO=O. Full range 

See Figure 4 25°C 

Full range 

15 
25°C to 

-11 
Rs=50n 

15 
Full range to 

-10.9 

25°C 13.8 
10=-200 v.A 

Full range 13.6 

25°C 13.5 
10=-2mA 

Full range 13.4 

25°C 11.5 
10=-20 rnA 

Full range 11.5 

25°C -13.8 
10 =200v.A 

Full range -13.7 

25°C -13.5 
10=2mA 

Full range -13.4 

25°C -11.5 
10=20mA 

Full range -11.5 

25°C 80 
RL=600n 

Full range 79 

25°C 90 
VO=±10V RL=2kO 

Full range 89 

25°C 95 
RL=10kO 

Full range 94 

VIC=O 25°C 

VIC=O. 25°C 

See Figure 5 

Ii'" 25°C 
,~" 

t'= 1 MHz 25°C 

VIC = VICRmin. 25°C 80 

VO=O. RS=50n Full range 79 

VCC± =±5 V to±15 V. 25°C 82 

VO=O. RS=50n Full range 81 

~1EXAS . 
INSTRUMENTS 
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TYP 

1.1 

2.4 

6 

20 

15 
to 

-11.9 

14.1 

13.9 

12.3 

-14.2 

-14 

-12.4 

96 

109 

118 

1012 

7.5 

2.5 

80 

98 

99 

TLE2082AC 
UNIT 

MAX MIN TYP MAX 

7 0.7 4 
mV 

8.1 5.1 

25 2.4 25 v.V/"C 

100 6 100 pA 

1.4 1.4 nA 

175 20 175 pA 

5 5 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.9 

13.8 14.1 

13.6 

13.5 13.9 
V 

13.4 

11.5 12.3 

11.5 

-13.8 -14.2 

-13.7 

-13.5 -14 
V 

-13.4 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 
dB 

89 

95 118 

94 

1012 n 

7.5 
pF 

2.5 

80 n 

80 98 
dB 

79 

82 99 
dB 

81 



TLE208x,TLE208xA, TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOSI82- FEBRUARY 1997 

TLE2082C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -

TLE2082C TLE2082AC 
PARAMETER TEST CONDmONS TA 

MIN TYP MAX MIN TYP 

25°C 2.7 3.1 3.6 2.7 3.1 

ICC 
Supply current 

VO=O, No load Full (both channels) 3.6 
range 

Cross1alk attenuation VIC=O, RL=2kn 25°C 120 120 

IVlo= 1 V -30 -45 -30 -45 
lOS Short-circuit output current VO=O 

IVID=-1 V 
25°C 

30 48 30 48 

TLE2082C operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise vol1age 

In 
Equivalent input noise 
current 

T01a1 harmonic distortion 
THo+N 

plus noise 

Bl Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

tl>m 
Phase margin at 
unity gain 

t Full range IS O°C to 70°C. 

TAt 
TLE2082C 

TEST CONDITIONS 
MIN 

25°C 28 

Full 
VO(PP) = 10 V, AVD = -I, range 25 
RL=2kn. CL = 100 pF, 

25°C 30 See Figure 1 
Full 

range 25 

AVo=-I, Tol0mV 
ION step, 

25°C 
RL= lkn, 
CL= 100 pF Tol mV 

f = 10 Hz 
25°C 

f=10kHz 

RS=20O, f= 10 Hz to 
See Figure 3 10kHz 

f= 0.1 Hzto 
25°C 

10Hz 

VIC = 0, f=10kHz 25°C 

VO(pp)=20V, AVO = 10, 
f= 1 kHz, RL=2 kn. 25°C 
RS=25Q 

VI=10mV, RL=2 kn. 25°C 8 
CL=25pF, See Figure 2 

VO(pp)=20V, AVo=-I, 
25°C 478 

RL=2 kn. CL=25pF 

VI=10mV, RL=2 kn. 25°C 
CL=25pF, See Figure 2 

~TEXAS 
INSTRUMENTS 

TYP 

40 

45 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

10 

637 

57° 
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TLE2082AC 

MAX MIN TYP 

28 40 

25 

30 45 

25 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

8 10 

478 637 

57° 

UNIT 
MAX 

3.6 

mA 
3.6 

dB 

mA 

UNIT 
MAX 

V/jJ.s 

VljJ.S 

jJ.S 

nVlVHz 

IlV 

fAIVHz 

MHz 

kHz 
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TLE208x,TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOSl82- FEBRUARY 1997 

TLE20821 electrical characteristics at specified free-air temperature, V cc± = ±5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
«VIO 01 input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVO voltage amplWication 

I'j Input resistance 

ci 
Input I Common mode 
capacitance I Differential 

Zo Open-loop output impedance 

CMRR Common-mode rejection ratio 

Supply-voltage rejection ratio 
ksVR (AVCC±/AVIO) 

Supply current 
ICC (both channels) 

t Full range IS -40°C to 85°C. 
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TEST CONDJnONS TAt 

25°C 

VIC=O, VO=O, Full range 
RS=500 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

25°C 

RS=500 

Full range 

25°C 
10 =-2001lA 

Full range 

25°C 
10=-2mA 

Full range 

25°C 
10=-20mA 

Full range 

25°C 
iO = 200!IA 

Full range 

25°C 
10=2mA 

Full range 

25°C 
10=20mA 

Full range 

2!)oC 
RL=6000 

Full range 

25°C 
VO=±2.3V RL=2kO 

Full range 

25°C 
RL= 10kO 

Full range 

VIC=O 25°C 

VIC =0, 25°C 

See Figure 5 25°C 

1= 1 MHz 25°C 

VIC = VICRmin, 25°C 

VO=O, RS=500 Full range 

VCC±=±5 Vto±15 V, 25°C 

VO=O, RS=500 Full range 

25°C 
VO=O, No load 

Full range 

~TEXAS 
INSTRUMENTS 

TLE20821 

MIN TVP 

0.9 

2.4 

5 

15 

5 5 
to to 

-1 -1.9 

5 
to 

-0.8 

3.8 4.1 

3.7 

3.5 3.9 

3.4 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 

-3.4 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 

89 

95 106 

94 

1012 

11 

2.5 

80 

70 89 

68 

82 99 

80 

2.7 2.9 
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TLE2082A1 
UNIT 

MAX MIN TVP MAX 

7 0.65 4 
mV 

8.5 5.5 

25 2.4 25 \lVfOC 

100 5 100 pA 

5 5 nA 

175 15 175 pA 

10 10 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.8 

3.8 4.1 

3.7 

3.5 3.9 
V 

3.4 

1.5 2.3 

1.5 

-3.S -4.2 

-3.7 

-3.5 -4.1 
V 

-3.4 

-1.5 -2.4 

-1.5 

80 91 

79 

90 100 
dB 

89 

95 106 

94 

1012 0 

11 

2.5 
pF 

80 0 

70 89 
dB 

68 

82 99 
dB 

80 

3.6 2.7 2.9 3.6 
mA 

3.6 3.6 



TLE208x,TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT . 

OPERATIONAL AMPLIFIERS 
SLOSI82- FEBRUARY 1997 

TLE20821 electrical characteristics at specified free-air temperature, V cc+ = ±5 V (unless otherwise 
noted) (continued) -

TLE20821 TLE2082A1 
PARAMETER TEST CONDITIONS TA UNIT 

MIN TYP MAX MIN TYP MAX 

Crosstalk attenuation VIC=O, RL=2kn 25°C 120 120 dB 

I VID= 1 V -35 -35 
lOS Short-circuit output current VO=O 

IVIO=-1 V 
25°C mA 

45 45 

TLE20821 operating characteristics at specified free-air temperature, Vcc± = ±5 V 
TLE20821 TLE2082AI 

PARAMETER TEST cONomONS TAt UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 35 35 
SR+ Positive slew rate Full V/JlS 

VO(PP) = ±2.3 V, range 20 20 
AVo=-1, RL=2 kn, 

25°C 38 38 CL = 100 pF, See Figure 1 
SR- Negative slew rate Full V/JlS 

range 20 20 

AVo=-1, To 10mV 0.25 0.25 

ts Settling time 
2-Vstep, 

25°C JlS RL= 1 kn, 
CL= 100 pF T01 mV 0.4 0.4 

Equivalent input noise f = 10 Hz 28 28 
nVNHz Vn 25°C 

voltage f=10kHz 11.6 11.6 

RS=20Q, f=10Hzto 
6 6 

Peak-to-peak equivalent See Figure 3 10kHz 
VN(PP) input noise voltage 

25°C IlV 
f=0.1Hzto 

0.6 0.6 
10Hz 

In 
Equivalent input noise 

VIC=O, f= 10kHz 25°C 2.8 2.8 fAlVHz 
current 

Total harmonic distortion 
VO(pp)=5V, AVO = 10, 

THO+N f= 1 kHz, RL=2 kn, 25°C 0.013% 0.013% 
plus noise 

RS=250 

B1 Unity-gain bandwidth VI = 10mV, RL=2 kn, 25°C 9.4 9.4 MHz 
CL=25pF, See Figure 2 

BOM 
Maximum output-swing VO(pp)=4V, AVo=-1, 

25°C 2.8 2.8 MHz 
bandwidth RL=2kn, CL=25pF 

$m 
Phase margin at unity VI=10mV, RL=2kn, 

25°C 56° 56° gain CL=25pF, See Figure 2 

t Full range is 40°C to 85°C. 

~1ExAS 
INSTRUMENTS 
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TLE208x, TLE208xA, TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE20821 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum posHive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVO voltage ampl~ication 

11 Input resistance 

Common 

ci 
Input 
capacitance 

mode 

Differential 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio (liVCC±lliVIO) 

t Full range IS -40°C to 85°C. 

6-248 

TAt TEST CONDITIONS 
MIN 

25°C 

VIC=O, VO=O, Full rangli! 
RS=500 

Full range 

25°C 

VIC=O, VO=O, Full range 

See Figure 4 25°C 

Full range 

15 
25°C to 

-11 
RS=500 

15 
Full range to 

-10.8 

25°C 13.8 
10=-200 j.J.A 

Full range 13.7 

25°C 13.5 
10=-2mA 

Full range 13.4 

25°C 11.5 
10=-20mA 

Full range 11.5 

25°C -13.8 
10=200j.J.A 

Full range -13.7 

25°C -13.5 
10=2mA 

Full range -13.4 

25°C -11.5 
10=20mA 

Full range -11.5 

25°C 80 
RL=6000 

Full range 79 

25°C 90 
VO=±10V RL=2kO 

Full range 89 

25°C 95 
RL=10kO 

Full range 94 

VIC=O 25°C 

25°C 
VIC =0, See Figure 5 

25°C 

f= 1 MHz 25°C 

VIC = VICRmin, 25°C 80 

VO=O, RS=500 Full range 79 

VCC±=±5 Vto±15 V, 25°C 82 

VO=O, RS=500 Full range 80 

~TEXAS 
INSTRUMENTS 

TLE20821 

TYP 
1.1 

2.4 

6 

20 

15 
to 

-11.9 

14.1 

13.9 

12.3 

-14.2 

-14 

-12.4 

96 

109 

118 

1012 

7.5 

2.5 

80 

98 

99 
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TLE2082AI 
UNIT 

MAX MIN TYP MAX 
7 0.7 4 

mV 
8.5 5.5 

25 2.4 25 j.J.V/"C 

100 6 100 pA 

5 5 nA 

175 20 175 pA 

10 10 nA 
15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.8 

13.8 14.1 

13.7 

13.5 13.9 
V 

13.4 

11.5 12.3 

11.5 

-13.8 -;4.2 

-13.7 

-13.5 -14 
V 

-13.4 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 , 
dB 

89 

95 118 

94 

1012 0 

7.5 
pF 

2.5 

80 0 

80 98 
dB 

79 

82 99 
dB 

80 



TLE208x, TLE208xA, TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182- FEBRUARY 1997 

TLE20821 electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -

TLE20821 TLE2082A1 
PARAMETER TEST CONDITIONS TA 

MIN TYP MAX MIN TYP 

25°C 2.7 3.1 3.6 2.7 3.1 

ICC 
Supply current 

VO=O, No load Full (both channels) 3.6 
range 

Crosstalk attenuation VIC=O, RL=2kn 25°C 120 120 

lVlo= 1 V -30 -45 -30 -45 
lOS Short-circuit output current VO=O 25°C I VIO=-1 V 30 48 30 48 

TLE20821 operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

Is Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distortion 
THO+N 

plus noise 

B1 Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

Iilm 
Phase margin at unity 
gain 

t Full range IS -40°C to 85°C. 

TAt TEST CONDITIONS 
MIN 

25°C 28 

Full 
VO(PP)= 10V, AVO=-1, range 22 
RL = 2 kn, CL= 100pF, 

25°C 30 See Figure 1 
Full 

range 22 

AVO=-1, To10mV 
10-V step, 

25°C 
RL=1k(.l, 
CL=100pF To1 mV 

f = 10 Hz 
25°C 

f=10kHz 

RS=20('!' f=10Hzto 
See Figure 3 10kHz 

25°C 
f= 0.1 Hz to 

10 Hz 

VIC=O, f= 10kHz 25°C 

VO(PP) = 20 V, AVO = 10, 
f = 1kHz, RL=2k(.1, 25°C 
RS =25 (.I 

VI = 10mV, RL=2k(.1, 
25°C 8 

CL=25pF, See Figure 2 

VO(pp)=20V, AVO=-1, 
250C 478 

RL=2k(.1, CL=25pF 

VI=10mV, RL=2k(.!, 
25°C 

CL=25pF, See Figure 2 

~TEXAS 
INSTRUMENTS 

TLE20821 

TYP 

40 

45 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

10 

637 

57° 
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TLE2082AI 

MAX MIN TYP 

28 40 

22 

30 45 

22 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

8 10 

478 637 

57° 

UNIT 
MAX 

3.6 

3.6 
rnA 

dB 

mA 

UNIT 
MAX 

V/JlS 

V/JlS 

JlS 

nV/{Hz 

!LV 

fAl{Hz 

MHz 

kHz 
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TLE208x, TLE20DxA, TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2082M . electrical characteristics at· specified free-air temperature,· Vcc± = ±5 V (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
TLE2082M 

MIN 

VIO Input offset voltage 
VIC =0, 

25°C 

VO=O, Full range 

Temperature coefficient RS=50n 
aVIO of input offset voltage 

Full range 

25.oC 
110 Input offset current 

Full range VIC=O, VO=O, 
See Figure 4 25°C 

liB Input bias current 
Full range 

5 
25°C to 

Common-mode input -1 
VICR Rs=50n 

voltage range 5 
Full range to 

-0.8 

25°C 3.8 
10 =-200/lA 

Full range 3.6 

Maximum positive peak 25°C 3.5 
VOM+ 10=-2mA 

output voltage swing Full range 3.3 

25°C 1.5 
10=-20mA 

Full range 1.4 

25°C -3.8 
10=200 iiA 

Full range -3.6 

Maximum negative peak 25°C -3.5. 
.VOM- 10=2mA 

output voltage swing Full range -3.3· 

25°C -1.5 
10=20mA 

Full range -1.4 

25°C 80 
RL= 600 n 

Full range 78 

Large-signal differential 25°C 90 
AVO VO=±2.3V RL=2kn 

voltage amplification Full range 88 

25°C 95 
RL=10kn 

Full range 93 

ri Input resistance VIC=O 25°C 

Input. I Common mode 25°C 
ci capacl- I Differential 

VIC=O, See Figure 5 
25°C tance 

Zo Open-loop output impedance f= 1 MHz lWC 

VIC = VICRmin, 25°C' 70 
CMRR Common-mode rejection ratio 

VO=O, RS=50n Full range 68 

Supply-voltage rejection ratio VCC±=±5Vto±15V, 25°C 82 
kSVR (IlVCC± IIlVIO) Vo=O, Rs=50n Full range 80 

·On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested. 
tFull range is-55°C to 125°C. . 
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TYP 

0.9 

2.3 

5 

15 

5 
to 

-1.9 

4.1 

3.9 

2.3 

-4.2 

-4.1 

-2.4 

91 

100 

106 

1012 

11 

2.5 

80 

89 

99. 

TLE2082AM 
UNIT 

MAX MIN TYP MAX 

7 0.65 4 
mV 

9.5 6.5 

25" 2.3 25' JlV/"C 

100 5 100 pA 

20 20 nA 

175 15 175 pA 

60 60 nA 

5 5 
to to 

-1 -1.9 

5 
V 

to 
-0.8 

3.8 4.1 

3.6 

3.5 3.9 
V 

3.3 

1.5 2.3 

1.4 

-3.8 -4.2 

-3.6 

-3.5 -4.1 
V 

-3.3 

-1:5 -2.4 

-1.4 

80 91 

78 

90 100 
dB 

88 

95 106 

93 

1012 n 

11 

2.5 
pF 

80 n 

70 89 
dB 

68 

82 99 
dB 

80 



TLE208x,TLE208xA,TLE208xY 
EXCALIBUR HIGH·SPEEDJFET·INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2082M electrical characteristics at specified free-air temperature, Vee± = ±5 V (unless 
otherwise noted) (continued) 

TAt 
TLE2082M TLE2082AM 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP 

25°C 2.7 2.9 3.6 2.7 2.9 

ICC 
Supply current 

VO=O, No load Full (both channels) 3.6 
range 

Crosstalk attenuation VIC=O, RL=2 kn 25°C 120 120 

IVID= 1 V -35 -35 
lOS Short-circuit output current VO=O 

IVID=-1 V 
25°C 

45 45 

t Full range is -55°C to 125°C. 

TLE2082M operating characteristics at specified free-air temperature, Vee± = ±5 V 

TAt 
TLE2082M 

PARAMETER TEST CONDITIONS 
MIN TYP 

25°C 35 
SR+ Positive slew rate Full 

18' VO(PP) = ±2.3 V, range 
AVD=-1, RL=2kn, 

25°C 38 CL = 100 pF, See Figure 1 
SR- Negative slew rate Full 

18' range 

AVD=-1, To 10mV 0.25 

ts Settling time 
2-V step, 

25°C 
RL= 1 kn, 
CL=100pF T01 mV 0.4 

Equivalent iriputnoise != 10 Hz 28 
Vn 25°C 

voltage != 10kHz 11.6 

RS=200, != 10Hzto 
6 

Peak-to-peak equivalent See Figure 3 10kHz 
VN(PP) 25°C 

input noise voltage != 0.1 Hz to 
10Hz 

0.6 

In 
Equivalent input noise 

VIC=O, !=10kHz' 25°C 2.8 
current 

Total harmonic 
VO(pp)=5V, AVO = 10, 

THD+N 
distortion plus noise 

f= 1 kHz, RL= 2 kn, 25°C 0.013% 
RS=250 

Bl Unity-gain bandwidth VI=10mV, RL=2 kn, 25°C 9.4 
CL=25pF, See Figure 2 

BOM 
Maximum output-swing VO(pp)=4V, AVD=-1, 

25°C 2.8 
bandwidth RL=2kn, CL=25pF 

<l>m 
Phase margin at unity VI=10mV, RL=2 kn, 

25°C 56° gain CL",25pF, See Figure 2 

'On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested. 
t Full range is -55°C to 125°C. 

~TEXAS 
INSTRUMENTS 
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TLE2082AM 

MAX MIN TYP 

35 

18' 

38 

18" 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

3.6 

mA 
3.6 

dB 

mA 

UNIT 
MAX 

V/JIS 

V/JIS 

JIS 

nV/Kz 

I1V 

!AlKz 

MHz 

MHz 
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TLE208x,TLE208xA, TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOSl82 - FEBRUARY 1997 

TLE2082M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

TAt 
TLE2082M 

PARAMETER TEST CONDITIONS 
MIN TYP 

25°C 1.1 
VIO Input offset voltage 

VIC=O, VO=O, Full range 

Temperature coefficient RS=500 
aVIO of input offset voltage 

Full range 2.4 

25°C 6 
110 Input offset current 

Full range VIC=O, VO=O, 
See Figure 4 25°C 20 

liB Input bias current 
Full range 

15 15 
25°C to to 

Common-mode input -11 -11.9 
VICR voltage range 

RS=500 
15 

Full range to 
-10.8 

25°C 13.8 ·14.1 
10 = -200 IJ.A 

Full range 13.6 

Maximum positive peak 25°C 13.5 13.9 
VOM+ 10=-2mA 

output voltage swing Full range 13.3 

25°C 11.5 12.3 
10=-20mA 

Full range 11.4 

25°C -13.8 -14.2 
!o = 200 ilA 

Full range -13.6 

Maximum negative peak 25°C -13.5 -14 
VOM- 10=2mA 

output voltage swing Full range -13.3 

25°C -11.5 -12.4 
10=20mA 

Full range -11.4 

25°C 80 96 
RL=6000 

Full range 78 

Large-signal differential 25°C 90 109 
AVD VO=±10V RL=2kO 

voltage amplification Full range 88 

25°C 95 118 
RL=10kO 

Full range 93 

'1 Input resistance VIC=O 25°C 1012 

Common 
25°C 7.5 Input mode ci capacitance VIC=O, See Figure 5 

Differential 25°C 2.5 

Zo 
Open-loop output 

f=1 MHz 25°C 80 
impedance 

Common-mode rejection VIC = VICRmin, 25°C 80 9B 
CMRR 

ratio VO=O, RS=500 Full range 78 

Supply-voltage rejection VCC±=±5Vto±15V, 25°C 82 99 
ksVR ratio (llVCC±/aVIO) VO=O, RS=50n Full range 80 

'On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not production tested. 
t Full range is -55°C to 125°C. 
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nE2082AM 
UNIT 

MAX MIN TYP MAX 

7 0.7 4 
mV 

9.5 6.5 

25* 2.4 25" IJ,VI"C 

100 6 100 pA 

20 20 nA 

175 20 175 pA 

65 65 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.8 

13.8 14.1 

13.6 

13.5 13.9 
V 

13.3 

11.5 12.3 

11.4 

-13.8 -14.2 

-13.6 

-13.5 -14 
V 

-13.3 

-11.5 -12.4 

-11.4 

80 96 

78 

90 109 
dB 

88 

95 118 

93 

1012 n 

7.5 
pF 

2.5 

80 n 

80 98 
dB 

78 

82 99 
dB 

80 



TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2082M electrical characteristics at specified free-air temperature, Vcc+ = ±15 V (unless 
otherwise noted) -
(continued) 

TAt 
TLE2082M TLE2082AM 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP 

25°C 2.7 3.1 3.6 2.7 3.1 

ICC 
Supply current 

VO=O, No load Full (both channels) 3.6 
range 

Crosstalk attenuation VIC=O, RL=2 kO 25°C 120 120 

Short-circuit output IVIO=l V -30 -45 -30 -45 
lOS current VO=O 

IVIO=-l V 
25°C 

30 48 30 48 

t Full range IS -55°C to 125°C. 

TLE2082M operating characteristics at specified free-air temperature, Vcc± = ±15 V 

TAt 
TLE2082M 

PARAMETER TEST CONDITIONS 
MIN TYP 

25°C 28 40 
SR+ Positive slew rate Full 

VO(pp)=10V, AVO=-l, range 20 
RL=2kO, CL = 100 pF, 

25°C 30 45 See Figure 1 
SR- Negative slew rate Full 

range 20 

AVO=-l, Tol0mV 0.4 

Is Settling time 10-V step, 
25°C 

RL= 1 kO, 
CL=100pF Tol mV 1.5 

Equivalent input noise f= 10Hz 28 
Vn 25°C 

voltage f=10kHz 11.6 

RS=20Q, f= 10Hzto 
6 

Pe,ak-to-peak equivalent See Figure 3 10kHz 
VN(PP) input noise voltage 

25°C 
f= 0.1 Hz to 

0.6 
10Hz 

In 
Equivalent input noise 

VIC=O, f=10kHz 25°C 2.8 
current 

Tolal harmonic distortion 
VO(PP) = 20 V, AVO = 10, 

THO+N 
plus noise 

f= 1 kHz, RL=2kO, 25°C '0.008% 
RS=25Q 

Bl Unity-gain bandwidth VI=10mV, RL=2 kO, 25°C 8' 10 
CL=25pF, See Figure 2 

80M 
Maximum output-swing VO(pp)=20V, AVO=-l, 

25°C 478' 637 
bandwidth RL=2kO, CL=25pF 

<Pm 
Phase margin at unity VI=10mV, RL=2kO, 

25°C 57° gain CL=25pF, See Figure 2 

'On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not production tested. 
t Full range is -55°C to 125°C. 
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TLE2082AM 

MAX MIN TYP 

28 40 

20 

30 45 

20 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

8' 10 

478' 637 

57° 

UNIT 
MAX 

3.6 

mA 
3.6 

dB 

mA 

UNIT 
MAX 

VIlIS 

VIlIS 

lIS 

nV/VHz 

!LV 

fAlVHz 

MHz 

kHz 
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TLE208x, TLE208xA, TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

. OPERATIONAL AMPLIFIERS 
SLOSI82- FEBRUARY 1997 

TLE2082Y electrical characteristics at VCC± = ±15 V, TA = 25°C 

VIO 

110 

liB 

VICR 

VOM+ 

VOM-

AVD 

1j 

ci 

Zo 
CMRR 

kSVR 

ICC 

lOS 

6-254 

PARAMETER TEST CONDITIONS 

Input offset voltage VIC=O, VO=O, 

Input offset current 

Input bias current 
VIC=O, VO=O, 

Common-mode input voltage range RS=50n 

10 =-200 I1A 
Maximum positive peak output voltage swing 10=-2mA 

10=-20mA 

10 =200 I1A 
Maximum negative peak output voltage swing 10=2mA 

10=20mA 

RL=600n 

Large-signal differential voltage amplification VO=± 10V RL=2kn 

RL=10kn 

Input resistance VIC=O 

I Common mode 
Input capacitance I Differential 

VO=O, See Figure 5 

Open-loop output impedance f= 1 MHz 

Common-mode rejection ratio VIC = VICRmin, VO=O, 

Supply-voltage rejection ralio (AVCC.l).<l.VIO) 
VCC±=±5 Vto±15 V, 
RS=50n 

Supply current (both channels) VO=O, No load 

VID= 1 V 
Short-circuit output current VO=O 

VID=-1 V 

~TEXAS 
INSTRUMENTS 

RS=50n 

See Figure 4 

RS=50n 

VO=O, 

POST OFFICE BOX 655303 • DAllAS, TEXAS 75265 

nE2082Y 

MIN TYP MAX 
UNIT 

1.1 6 mV 

6 100 pA 

20 175 pA 

15 15 
to to V 

-11 11.9 

13.8 14.1 

13.5 13.9 V 

11.5 12.3 

-13.8 -14.2 

-13.5 -14 V 

-11.5 -12A 

80 96 

90 109 dB 

95 118 

1012 n 

7.5 

2.5 
pF 

80 n 

80 98 dB 

82 99 dB 

2.7 3.1 3.6 mA 

-30 -45 
mA 

30 48 



TLE208x, TLE208xA, TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOSl82- FEBRUARY 1997 

TLE2084C electrical characteristics at specified free-alr temperature, VCC± = ±5 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltege 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltege range 

Maximum positive peak 
VOM+ output voltege swing 

Maximum negative peak 
VOM- output voltege swing 

Large-signal differential 
AVO voltage amplification 

I] Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

CMRR 
Common-mode 
rejection ratio 

Supply-voltage rejection 
ksVR ratio (&VCC± I&VIO) 

Supply current 
ICC (four amplifiers ) 

ax Crosstalk attenuation 

t Full range is O°C to 70°C. 

TAt 
TLE2084C 

TEST CONDITIONS 
MIN 

25°C 

VIC=O, VO=O, Full range 
RS=50n 

Full range 

25°C 

VIC =0, VO=O, Full range 
See Figure 4 25°C 

Full range 

5 
25°C to 

-1 
Rs=50n 

5 
Full range to 

-0.9 

25°C 3.8 
10 =-200 y.A 

Full range 3.7 

25°C 3.5 
10=-2mA 

Full range 3.4 

25°C 1.5 
10=-20mA 

Full range 1.5 

25°C -,3.8 
10 = 200 y.A 

'Full range -3.7 

25°C -3.5 
10=2mA 

Full range -3.4 

25°C -1.5 
10=20mA 

Full range -1.5 

25°C 60 
RL=600n 

Full range 79 

VO=±2.3V RL=2kn 
25°C 90 

Full range 89 

25°C 95 
RL= 10kn 

Full range 94 

VIC=O 25°C 

VIC =0, Common mode 25°C 

See Figure 5 I Differential 25°C 

f= 1 MHz 25°C 

VIC = VICRmin, 25°C 70 
VO=O, RS=50n Full range 68 

VCC±= ±5 V to±15 V, 25°C 82 
VO=O, RS=50n Full range 60 

25°C 5.2 
VO=O, No load 

Full range 

VIC =0, RL =2kn 25°C 
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TYP 

-1.6 

10.1 

15 

20 

5 
to 

-1.9 

4.1 

3.9 

2.3 

-4.2 

-4.1 

-2.4 

91 

100 

106 

1012 

11 

2.5 

60 

89 

99 

6.3 

120 

TLE2084AC 

MAX MIN TYP MAX 
UNIT 

7 -0.5 4 

9.1 6.1 
mV 

30 10.1 30 IlVI"C 

100 15 100 pA 

1.4 1.4 nA 

175 20 175 pA 

5 5 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.9 

3.8 4.1 

3.7 

3.5 

3.4 

3.9 
V 

1.5 2.3 

1.5 

-3.8 -4.2 

-3.7 

-3.5 -4.1 

-3.4 
V 

-1.5 -2.4 

-1.5 

60 91 

79 

90 100 

89 
dB 

95 106 

94 

1012 n 

11 

2.5 
pF 

80 n 

70 89 

68 
dB 

82 99 

60 
dB 

7.5 5.2 6.3 7.5 

7.5 
mA 

7.5 

120 dB 
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TLE208x,TLE208xA, TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2084C electrical characteristics at specified free-air temperature, Vcc± = ±5 V (unless 
otherwise noted) (continued) 

TAt 
TLE2084C TLE2084AC 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 

Short-circuit output IVIO=l V -35 -35 
lOS current VO=O 

IVIO=-lV 
25°C 

45 45 

t Full range IS O°C to 70°C. 

TLE2084C operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Total harmonic distortion 
THO+N plus noise 

B1 Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

<Pm 
Phase margin at unity 
gain 

t Full range is O°C to 70°C. 
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TLE2084C 
TEST CONDmONS TAt 

MIN TYP 

25QC 

Full 
VO(PP) = ±2.3 V, range 
AVO=-l, RL=2kn, 

25°C CL= 100pF, 

AVO=-l, 
2-V step, 
RL= l!<n, 
CL=100pF 

RS=20o, 
See Figure 3 

VIC=O, 

VO(pp)=5V, 
f= 1 kHz, 
RS=250 

VI=10mV, 
CL=25pF, 

VO(pp)=4V, 
RL=2kO, 

VI=10mV, 
CL=25 pF, 

See Figure 1 
Full 

range 

To 10mV 

25°C 
Tol mV 

f=10Hz 

f=10kHz 
25°C 

f=10Hzto 
10kHz 

25°C 
f = O.lHz to 

10 Hz 

f=10kHz 25°C 

AVO = 10, 
RL=2 kn, 25°C 

RL=2!<n, 
25°C See Figure 2 

AVO=-l, 
25°C CL=25pF 

RL=2kO, 
25°C 

See Figure 2 

-!I1TEXAS 
INSTRUMENTS 

35 

22 

38 

22 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 
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TLE2084AC 

MAX MIN TYP MAX 

35 

22 

38 

22 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 

mA 

UNIT 

VlIJS 

VlIJS 

IlS 

nV/VHz 

IlV 

fA/VHz 

MHz 

MHz 



TLE208x,TLE208xA, TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2084C electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative 

VOM- peak output voltage 
swing 

Large-signal differential 
AVD voltage amplification 

ri Input resistance 

ci Input capacitance 

zo 
Open-loop output 
impedance 

CMRR 
Common-mode 
rejection ratio 

Supply-voltage rejection 
ksVR ratio (AVCC±/AVIO) 

Supply current 
ICC (four amplifiers) 

ax Crosstalk attenuation 

t Full range I,S O°C to 70°C. 

TAt 
TLE2084C 

TEST CONDITIONS 
MIN 

25°C 

VIC=O, VO=O, Full range 
RS=50Q 

Full range 

25°C 

VIC=O, VO=O, Full range 
See Figure 4 25°C 

Full range 

15 

25°C to 

-11 
RS=50n 

15 
Full range to 

-10.9 

25°C 13.8 
10 = -200 IJ.A 

Full range 13.7 

25°C 13.5 
10=-2mA 

Full range 13.4 

25°C 11.5 
10=-20mA 

Full range 11.5 

25°C -13.8 
10 = 200 IJ.A 

Full range -13.7 

25°C -13.7 
10=2mA 

Full range -13.6 

25°C -11.5 
10=20mA 

Full range -11.5 

25°C 80 
RL=600n 

Full range 79 

25°C 90 
VO=±10V RL=2 kQ 

Full range 89 

25°C 95 
RL=10kQ 

Full range 94 

VIC=O 25°C 

VIC=O, Common mode 25°C 
See Figure 5 Differential 25°C 

f= 1 MHz 25°C 

VIC = VICRmin, 25°C 80 
VO=O, RS=50Q Full range 79 

VCC±=±5Vto±15V, 25°C B2 
VO=O, RS=50Q Full range 81 

25°C 5.2 
VO=O, No load 

Full range 

VIC=O, RL=2kQ 25°C 

~TEXAS 
INSTRUMENTS 

TYP 

-1.6 

10.1 

15 

25 

15 
to 

-11.9 

14.1 

13.9 

12.3 

-14.2 

-14 

-12.4 

96 

109 

118 

1012 

7.5 

2.5 

80 

98 

99 

6.5 

120 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

TLE2084AC 
UNIT 

MAX MIN TYP MAX 

7 -0.5 4 
mV 

9.1 6.1 

30 10.1 30 IlVfOC 

100 15 100 pA 

1.4 1.4 nA 

175 25 175 pA 

5 5 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.9 

13.8 14.1 

13.7 

13.5 

13.4 

13.9 
V 

11.5 12.3 

11.5 

-13.8 -14.2 

-13.7 

-13.7 

-13.6 

-14 
V 

-11.5 -12.4 

-11.5 

80 96 

79 

90 109 

89 
dB 

95 118 

94 

1012 n 

7.5 

2.5 
pF 

80 n 

80 98 

79 .. 
.,-dB 

82 

81 

99 
dB 

7.5 5.2 6.5 7.5 

7.5 7.5 
rnA 

120 dB 
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TLE208x, TLE208xA,TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOSl82- FEBRUARY 1997 

TLE2084C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) (continued) -

TAt 
TLE2084C TLE2084AC ' 

PARAMETER TEST CONDmONS 
MIN TVP MAX MIN TVP MAX 

Short-circuit output IVIO=l v -30 -45 -30 -45 
lOS current VO=O 

IVID=-l V 
25°C 

30 48 30 48 

t Full range IS O°C to 70°C. 

TLE2084C operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise vo~age 

In 
Equivalent input noise 
current 

THO+N Total harmonic distortion 
plus noise 

B1 Unity-gain bandwidth 

BOM 
Maximum output-swing 
bandwidth 

«Pm 
Phase margin at 
unity gain 

t Full range IS O°C to 70°C. 
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TEST CONDITIONS TAt 

25°C 

Full 
VO(pp)=10V, AVO=-l, range 
RL = 2 kQ, CL = 100 pF, 

25°C See Figure 1 
Full 

range 

AVO=-l, Tol0mV 
10-V step, 25°C 
RL=lkQ, 
CL=100pF Tol mV 

1= 10 Hz 
25°C 

1 = 10 kHz 

RS=20D, 1=10Hzto 
See Figure 3 10kHz 

1=0.1 Hz to 
25°C 

10Hz 

VIC=O, 1=10kHz 25°C 

VO(PP) = 20 V, AVO = 10, 
1=1 kHz, RL=2kD, 25°C 
RS=25D 

VI=10mV, RL =2 kQ, 25°C 
CL=25pF, See Figure 2 

VO(pp)=20V, AVO=-l, 
RL = 2 kQ, CL = 25 pF 

25°C 

VI=10mV, RL=2kQ, 
25°C CL=25pF, See Figure 2 

~TEXAS 
INSTRUMENTS 

TLE2084C 

MIN TVP 

25 40 

22 

30 45 

25 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

8 10 

478 637 

57° 
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TLE2084AC 

MAX MIN TVP MAX 

25 40 

22 

30 45 

25 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

8 10 

478 637 

57° 

UNIT 

mA 

UNIT 

V/IJS 

V/IlS 

Ils 

nV/VHz 

IlV 

lA/VHz 

MHz 

kHz 



TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2084M electrical characteristics at specified free-air temperature, Vcc± = ±S V (unless 
otherwise noted) 

TAt 
TLE2084M 

PARAMETER TEST CONDITIONS 
MIN 

VIO Input offset voltage 
VIC=O, 

25°C 

VO=O, Full range 

Temperature coefficient RS=50n 
aVIO of input offset voltage Full range 

110 Input offset current 
VIC=O, 

25°C 

VO=O, Full range 
See Figure 4 25°C 

liB Input bias current 
Full range 

5 
25°C to 

Common-mode input -1 
VICR voltage range RS=50n 

5 
Full range to 

-0.8 

25°C 3.8 
10 =-2001lA 

Full range 3.6 

Maximum positive peak 25°C 3.5 
VOM+ output voltage swing 10=-2mA 

Full range 3.3 

25°C 1.5 
10=-20mA 

Full range 1.4 

25°C -3.8 
10 = 2oo!lA 

Full range -3;6 
Maximum negative 25°C -3.5 

VOM- peak output voltage 10=2mA 
Full range swing -3.3 

25°C' -1.5 
10=20mA 

Full range -1.4 

25°C 80 
RL=600n 

Full range 78 

Large-signal differential 25°C 90 
AVD voltage amplification VO=±2.3 V RL=2kn 

Full range 88 

25°C 95 
RL= 10 kn 

Full range 93 

q Input resistance VIC=O 25°C 

VIC=O, Common mode 25°C 
ci Input capacitance See Figure 5 Differential 25°C 

Zo 
Open-loop output 

f=l MHz 25°C impedance 

Common-mode VIC = VICRmin, 25°C 70 
CMRR rejection ratio VO=O, RS=50n Full range 68 

Supply-vo~age rejec- VCC±=±5Vto±15V, 25°C 82 
kSVR tion ratio (11VCC± '" VIO) Vo=O, RS=50n Full range 80 

Supply current 25°C 5.2 
ICC (four amplifiers) VO=O, No load 

Full range 

ax Crosstalk attenuation VIC=O, RL=2kn 25°C 

'On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not production tested. 
t Full range is -55°C to 125°C. 
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TYP 
-1.6 

10.1 

15 

20 

5 
to 

-1.9 

4.1 

3.9 

2.3 

-4.2 

-4.1 

-2.4 

91 

100 

106 

1012 

11 

2.5 

80 

89 

99 

6.3 

120 

TLE2084AM 
UNIT 

MAX MIN TYP MAX 

7 -0.5 4 

9.5 
mV 

12.5 

30' 10.1 30' !lV/DC 

100 15 100 pA 

20 20 nA 

175 20 175 pA 

65 65 nA 

5 5 
to to 

-1 -1.9 
V 

5 
to 

-0.8 

3.8 4.1 

3.6 

3.5 

3.3 

3.9 
V 

1.5 2.3 

1.4 

-3.8 -4.2 

-3.6 

-3.5 -4.1 

-3.3 
V 

-1.5 -2.4 

-1.4 

80 91 

78 

90 100 

88 
dB 

95 106 

93 

1012 n 

11 

2.5 
pF 

80 n 

70 

68 

89 
dB 

82 

80 

99 
dB 

7.5 5.2 6.3 7.5 

7.5 7.5 
mA 

120 dB 

6-259 



TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH·SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOS182- FEBRUARY 1997 

TLE2084M electrical characteristics at specified free-air temperature, VCC+ = ±5 V (unless 
otherwise noted) (continued) -. 

PARAMETER 
TLE20B4M TLE20B4AM 

TEST CONDITIONS TA MIN TYP MAX MIN TYP 

Short-circuit output I VIO=1 V -35 -35 
lOS current VO=O I VIO=-1 V 

25°C 
45 45 

TLE2084M operating characteristics at specified free-air temperature, Vcc± = ±5 V 

TAt 
TLE20B4M 

PARAMETER TEST CONDITIONS 
MIN TYP 

25°C 35 

SR+ Positive slew rate Full 
18' VO(pF') = ±2.3 V, range 

AVO =-1, RL = 2 kO, 
25°C 38 CL= 100pF, See Figure 1 

SR- Negative slew rate Full 
18" range 

AVO=-1, To 10rnV 0.25 

ts Settlingtirne 2-V step, 
25°C 

RL= 1 kn, 
CL= 100pF 

T01 mV 0.4 

Equivalent input noise f = 10 Hz 28 
Vn voltage 

25°C 
f=10kHz 11.6 

RS=20Q, f= 10 Hz to 
6 

Peak-to-peak equivalent, See Figure 3 10 kHz 
VN(PP) input noise vo~age 

25°C 
f=0.1 Hzto 

0.6 
10 Hz 

In 
Equivalent input noise 

VIC=O, f=10kHz 25°C 2.8 current 

Total harmonic distortion VO(pp)=5V, AVO = 10, 
THO+N 

plus noise 
f=1 kHz, RL=2kO, 25°C 0.013% 
RS=25n 

B1 Unity-gain bandwidth VI=10mV, RL=2kO, 25°C 9.4 
CL=25pF, See Figure 2 

BOM 
Maximum output-swing VO(pp)=4V, AVO=-1, 25°C 2.8 
bandwidth RL=2kn, CL=25pF 

<l>m 
Phase margin at unity VI=10mV, RL= 2 kO, 

25°C 56° gain CL=25 pF, See Figure 2 

'On products compliant to MIL-PRF-38535, Class B, thiS parameter IS not production tested. 
t Full range is -55°C to 125°C. 
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TLE20B4AM 

MAX MIN TYP 

35 

18' 

38 

18" 

0.25 

0.4 

28 

11.6 

6 

0.6 

2.8 

0.013% 

9.4 

2.8 

56° 

UNIT 
MAX 

rnA 

UNIT 
MAX 

V/JLS 

V/JLS 

liS 

nVNHz 

IIV 

fA/VHz 

MHz 

MHz 



TLE208x, TLE208xA,TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOSl82- FEBRUARY 1997 

TLE2084M electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

TAt 
TLE2084M 

PARAMETER TEST CONDITIONS 
MIN TYP 

VIO Input offset voltage 
VIC=O, VO=O, 

25°C -1.6 

Full range 

Temperature coefficient RS=50Q 
Full range aVIO of input offset voltage 

10.1 

110 Input offset current 
VIC=O, VO=O, 

25°C 15 

Full range 
See Figure 4 25°C 25 

liB Input bias current 
Full range 

15 15 
25°C to to 

Common-mode input -11 -11.9 
VICR voltage range RS=50Q 

15 
Full range to 

-10.8 

25°C 13.8 14.1 
10 =-200 IlA 

Full range 13.6 

Maximum positive peak 25°C 13.5 13.9 
VOM+ output voltage swing 10=-2mA 

Full range 13.3 

25°C 11.5 12.3 
10=-20 rnA 

Full range 11.4 

25°C -13.8 -14.2 
10 = 200 IlA 

Full range -13.6 

Maximum negative peak 25°C -13.5 -14 
VOM- output voltage swing 10=2mA 

Full range -13.3 

25°C -11.5 -12.4 
10=20mA 

Full range -11.4 

25°C 80 96 
RL=6ooQ 

Full range 78 

Large-signal differential 25°C 90 109 
AVD VO=±10V RL=2kQ voltage amplification Full range 88 

25°C 95 118 
RL=10kQ 

Full range 93 

tj Input resistance VIC=O 25°C 1012 

VIC=O, Common mode 25°C 7.5 
ci Input capacitance See Figure 5 Differential 25°C 2.5 

Zo 
Open-loop output 

f= 1 MHz 25°C 80 impedance 

Common-mode VIC = VICRmin, 25°C 80 98 
CMRR rejection ratio VO=O, RS=50Q Full range 78 

Supply-voHage rejection VCC±=±5 Vto±15 V, 25°C 82 99 
ksVR ratio (~VCC±I.WIO) VO=O, RS=50Q Full range 80 

Supply current 25°C 5.2 6.5 
ICC (four amplifiers) VO=O, No load 

Full range 

ax Crosstalk attenuation VIC=O, RL=2kQ 25°C 120 

'On products compilant to MIL-PRF-38535, Class B, thiS parameter IS not production tested. 
t Full range is -55°C to 125°C. 
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TLE2084AM 
UNIT 

MAX MIN TYP MAX 

7 -0.5 4 
mV 

12.5 7.5 

30' 10.1 30' IlVfOC 

100 15 100 pA 

20 20 nA 

175 25 175 pA 

65 65 nA 

15 15 
to to 

-11 -11.9 
V 

15 
to 

-10.8 

13.8 14.1 

13.6 

13.5 13.9 

13.3 
V 

11.5 12.3 

11.4 

-13.8 -14.2 

-13.6 

-13.5 

-13.3 

-14 
V 

-11.5 -12.4 

-11.4 

80 96 

78 

90 109 

88 
dB 

95 118 

93 

1012 Q 

7.5 

2.5 
pF 

80 Q 

80 98 

78 
dB 

82 99 

80 
dB 

7.5 5.2 6.5 7.5 
rnA 

7.5 7.5 

120 dB 
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TLE208x, TLE208xA, TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2084M electrical characteristics at specified free-air temperature. VCC+ =±15 V (unless 
otherwise noted) (continued) -

PARAMETER 
TLE2084M TLE2084AM 

TEST CONDITIONS TA MIN TYP MAX MIN TYP 

Short-circu~ output I VID = 1 V -30 -45 -30 -45 
lOS Vo=O 25°C current I VID=-1 V 30 48 30 48 

TLE2084M operating characteristics at specified free-air temperature, VCC+ = ±15 V -

PARAMETER TAt 
TLE2084M 

TEST CONDITIONS 
MIN TYP 

; 25°C 25 40 

SR+ Positive slew rate Full 
VO(PP) = 10 V, 17 range 
AVO=-1, RL=2 kn, 

25°C 30 45 CL= 1OOpF, See Figure 1 
SR- Negative slew rate Full 

20 
range 

AVO=-1, To 10mV 0.4 

ts Settling time. 10-V step, 
25°C 

RL=lkn, 
CL=100pF 

Tol mV 1.5 

Equivalent input noise f= 10 Hz 28 
Vn voltage . 25°C 

f=10kHz 11.6 

RS=20o, f=10Hzto 
6 

Peak-to-peak equivalent See Figure 3 10 kHz 
VN(PP) 25°C 

input noise voltage i=0.1 Hz to 
0.6 

10 Hz 

In 
Equivalent input noise 

VIC=O, f= 10kHz 25°C 2.8 
current 

THO+N 
Total harmonic distortion VO(PP) = 20 V, AVO'= 10, 

25°C 0.008% 
pius noise 

f=1kHz, RL=2kn, 
RS=25g 

B1 Unity-gain bandwidth VI=10mV, RL=2 kn, 
25°C 8' 10 

CL=25 pF, See Figure 2 

BOM 
Maximum output-swing VO(PP) = 20 V, AVO = -1, 25°C 478' 637 
bandwidth RL = 2 kg, CL = 25 pF 

<ilm 
Phase margin at unity VI=10mV, RL=2kO, 

25°C 57° 
gain CL=25pF, See Figure 2 

'On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested. 
t Full range is -55°C to 125°C. . 
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TLE2084AM 

MAX MIN TYP 

25 40 

17 

30 45 

20 

0.4 

1.5 

28 

11.6 

6 

0.6 

2.8 

0.008% 

8' 10 

478' 637 

.57° 

UNIT 
MAX 

mA 

UNIT 
MAX 

VIps 

VIps 

ps 

nV/...JHz 

t!V 

fA/...JHz 

MHz 

kHz 



TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

TLE2084Y electrical characteristics at VCC± = ±15 V, TA = 25°C (unless otherwise noted) 

VIO 

110 

liB 

VICR 

VOM+ 

VOM-

AVO 

~ 

ci 

Zo 

CMRR 

kSVR 

ICC 

lOS 

PARAMETER TEST CONDITIONS 

Input offset voltage VIC=O, VO=O, 
RS=50n 

Input offset current VIC=O, VO=O, 
Input bias current See Figure 4 

Common-mode input voltage range RS=50n 

10=-200 p.A 

Maximum positive peak output voltage swing 10=-2mA 

10=-20mA 

10= 200 p.A 
Maximum negative peak output voltage swing 10=2 mA 

10=20mA 

RL=600n 

Large-signal differential voltage amplification VO=± 10V RL=2kn 

RL=10kn 

Input resistance VIC=O 

VIC=O, Common mode 
Input capacitance 

See Figure 5 Differential 

Open-loop output impedance f=1 MHz 

Common-mode rejection ratio VIC = VICRmin, VO=O, 
RS=50n 

Supply-voltage rejection ratio (,1.VCC± /L\VIC) 
VCC±=±5 Vto±15 V, Vo =0, 
RS=50n 

Supply current (four amplifiers ) VO=O, No load 

VIO=1 V 
Short-Circuit output current VO=O 

VIO=-1 V 
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TLE2084Y 

MIN TYP MAX 
UNIT 

7 mV 

15 100 pA 

25 175 pA 

15 15 
to to V 

-11 11.9 

13.B 14.1 

13.5 13.9 V 

11.5 12.3 

-13.B -14.2 

-13.5 -14 V 

-11.5 -12.4 

BO 96 

90 109 dB 

95 11B 

1012 n 

7.5 

2.5 
pF 

80 n 

SO 9B dB 

B2 99 dB 

5.2 6.5 7.5 rnA 

-30 -45 

30 48 
rnA 
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PARAMETER MEASUREMENT INFORMATION 

2kn 

t Includes fixture capacitance 

Figure 1. Slew-Rate Test Circuit 

t Includes fixture capacitance 

2kn 

>--+-- Vo 

RS 

Figure 3. Noise-Voltage Test Circuit 

IN- - _____ >------1 

IN + --+-__ >--;;':;""..---1 

Cic 

10kn 

t Includes fixture capacitance 

Figure 2. Unity-Gain Bandwidth 
and Phase-Margin Test Circuit 

Vo 

Figure 4. input-Bias and Offset
Current Test Circuit 

Vo 

Figure 5. Internal Input Capacitance 

typical values 

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

input bias and offset current 

6-264 

At the picoampere bias-current level typical of the TLE208x and TLE208xA, accurate measurement of the bias 
becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages can easily 
exceed the actual device bias currents. To accurately measure these small currents, Texas Instruments uses 
a two-step process. The socket leakage is measured using picoammeters with bias voltages applied but with 
no device in the socket. The device is then inserted in the socket and a second test is performed that measures 
both the socket leakage and the device input bias current. The two measurements are then subtracted 
algebraically to determine the bias current of the device. 
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110 
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VICR 

VID 
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VO(PP) 

Vo 

AVD 
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TLE208x, TLE208xA,TLE208xV 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage Distribution 

Input offset vOltage temperature coefficient Distribution 

Input offset current vs Free-air temperature 

Input bias current 
vs Free-air temperature 
vs Supply voltage 

Common-mode input voltage range vs Free-air temperature 

Differential input voltage vs Output voltage 

vs Output current 
Maximum positive peak output voltage vs Free-air temperature 

vs Supply voltage 

vs Output current 
Maximum negative peak output voltage vs Free-air temperature 

vs Supply voltage 

Maximum peak-te-peak output voltage vs Frequency 

Output voltage vs Settling time 

Large-signal differential voltage amplification 
vs Load resistance 
vs Free-air temperature 

Small-signal differential voltage amplification vs Frequency 

Common-mode rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply-voltage rejection ratio 
vs Frequency 
vs Free-air temperature 

vs Supply voltage 
Supply current vs Free-air temperature 

vs Differential input voltage 

vs Supply voltage 
Short-circuit output current vs Elasped time 

vs Free-air temperature 

vs Free-air temperature 
Slew rate vs Load resistance 

vs Differential input voltage 

Equivalent input noise voltage vs Frequency 

Input-referred noise voltage 
vs Noise bandwidth frequency 
Over a 10-second time interval 

Third-octave spectral noise density vs Frequency bands 

Total harmonic distortion plus noise vs Frequency 

Unity-gain bandwidth vs Load capacitance 

Gain-bandwidth product 
vs Free-air temperature 
vs Supply voltage 

Gain margin vs Load capacitance 

vs Free-air temperature 
Phase margin vs Supply voltage 

vs Load capacitance 

Phase shift vs Frequency 
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TYPICAL CHARACTERISTICS 

Table of Graphs (Continued) 

Noninverting large-signal pulse response 

Small-signal pulse response 

Closed-loop output impedance 

Crosstalk attenuation 

DISTRIBUTION OF TLE2081 
INPUT OFFSET VOLTAGE 

FIGURE 

vs Time 70 

vs Time 71 

vs Frequency 72 

vs Frequency 73 

DISTRIBUTION OF TLE2082 
INPUT OFFSET VOLTAGE 

600 Units Tested 
18 Vee = ±15 V --;---r----t--t----r-+_-I 

TA=25°e 
16 P Package 

14r--r~r-~~-~~-+--+-+_-I 

12r--r~r-~~-~~-+--+-+_-I 

10 r--r~r--+-

81---+--+-

6r--r~f-

4r--r~f-

2 

o 
-2.4 -0.8 0.8 2.4 4 

-4-3.2-2.4-1.6-0.80 0.8 1.6 2.4 3.2 4 

VIO -Input Offset Voltage - mV 

Figure 6 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLE2084 
INPUT OFFSET VOLTAGE 

VCC±=±15 
45 TA = 25°C +--+-1'---/--+-+--+---1 

N Package 
40 I-----r---;--/--

351----+--I--/--

301-+--+---jf-

251-+--+---jf-

201-+--+---jf-

15 I-+--+---jf-

10 I-+--+---jf-

5 I----!---I

o 1--1...---1_ 

-8 -4.8 -1.6 1.6 4.8 

VIO-Input Offsat Voltage - mV 

FigureS 

8 

DISTRIBUTION OF TLE2082 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

310 AmplHlers 
27 VCC=±15V 

TA = - 55°C to 125°C 
24 PPackage 

211---+---1-+--+-

181---+---1-+--+-

151--~_+-+---+-

121---+--+-+---+-

9 I---+-_+-+---+-

61---+---I-+--

31--~-+-+-

0'--.......... -----
-30-24 -18 -12 -6 0 6 12 18 24 30 

avlO - Temperature Coefficient - v.v/"c 

Figure 10 

DISTRIBUTION OF TLE2081 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

~r-.-~--.--r--r-.-~--.--.-' 

271--+--+-+--+---+

~I--~~-+--+~~~~~~-T~ 

21 I--~~-+--

181--~~-+--

151--~~-+--

121--+--+---1-

9 1--+--+---1-

61--+--+---1-

31-+--+-

0'--.......... -
-40-32-24 -16 -8 0 8 16 24 32 40 

avlO - Temperature Coefficient - v.V/"C 

Figure 9 

DISTRIBUTION OF TLE2084 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

VCC±=±15V 
27 TA=-55°Ct0125°C 

NPackage 
241---+-~-+--+-+---+---I-+--+~ 

21 I---+-~-+--

181---+-~-+--

151--+--+-

121---+-~-

91---+-~"... 

61--+--

31--+--

0'---'--
-40-32-24 -16 -8 0 8 16 24 32 40 

aVIO - Temperature Coefficient - v.v/"c 

Figure 11 
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TYPICAL CHARACTERISTICSt 

TLE2081 AND TLE2082 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 

va 
FREE-AIR TEMPERATURE 

100 
VCC±=±5V 
VIC=O I 

10 
vO=O , 

i / / 
.5 , / 

110 -
i 
.~ 0.1 
III 

liB ........ 
i 
.5 
I 0.01 

g 
i 
!!! 0.001 
- -75 -55 -35 -15 -5 25 45 65 85 105 125 

i 

TA - Free-Air Temperature - °C 

Figure 12 

TLE2081 AND TLE2082 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 

va 
FREE-AIR TEMPERATURE 

100 
VCC±=±15V 
VIC=O I 

10 
Vo=O / 

11~;t:-I--
11 

I , 
0.1 

I....-- 110 
0.01 

!!! 0.001 
- -75 -55 -35 -15 5 25 45 65 85 105 125 

TA - Free-Air Temperature - °C 

Figure 14 

~ 
I 

i 
a 
I 
l .. 
,I 
III 

i 
.5 
I 

TLE2084 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 

va 
FREE-AIR TEMPERATURE 

100 
VCC±=±5V 
VIC=O 

10 
Vo=O / 

/ 

liB , ./ 
110 -

0.1 

g 0.01 ~ 

i 
III = 0.001 

~ 
I 

I 
a 
I 
l .. 
.~ 
III 
:; 
a. 
.5 
I 

-75 -55 -35 -15 -5 25 45 65 85 105 125 

TA - Free-Air Temperature - °C 

Figure 13 . 

TLE2084 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 

. va 
FREE-AIR TEMPERATURE 

100 
VCC±=±15V 
VIC=O 

10 
Vo=O / 

IIBJ 
r--
r--

, ./ 

0.1 

g 0.01 ~ 110 

i 
III 
= 0.001 

-75 -55 -35 -15 5 25 45 65 85 105 125 

TA - Free-Air Temperature - °C 

Figure 15 

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 

106 

105 

104 

103 

102 

101 

100 

I I 

INPUT BIAS CURRENT 
vs 

SUPPLY VOLTAGE 

VICmax = VCC+ I I I - /Vlcmin - TA = 125°C 

r .,....., -
I 

~ I 

I / 
, 

I 

I TA=25°C ..... I j.... ~ 

r TA=-55°C 

-I 1 

,/ 

~ 

o 5 10 15 20 25 30 35 40 45 

400 

300 

200 

100 

0 

-100 

-200 

-300 

-400 

Vcc - Total Supply Voltage (referred to Vcc-> - V 

Figure 16 

DIFFERENTIAL INPUT VOLTAGE 
vs 

OUTPUT VOLTAGE 

VCC±=±5V 
f-- VIC=O 

RS=500 
TA=25°C 

RL=6000 

1 1 

RLJ=10~ 
RL=2kO 

"'-1 -
V _I 

/ 
RL= 10kO 

') " RL=2 kO 
I J 
I I 

RL=6000 

-

-5 -4 -3 -2 -10 0 2 3 4 5 

Va - Output Voltage - V 

Figure 18 

: 

VCC-+3 

COMMON-MODE INPUT VOLTAGE RANGE 
vs 

FREE-AIR TEMPERATURE 

R~=5riO 

Vicmax 

:: 

-l"-t-- Vlcmln -- -r-
VCC_+2.5 

> 
::l. 
I 

OIl 

I 
~ 
'S 
Q. 

oS 

~ 
I! 
~ 
Q 
I 

Q 
'> 

Vcc-+2 
-75 -55 -35 -15 5 25 45 65 85 105 125 

400 

300 

200 

100 

0 

-100 

-200 

-300 

-400 

TA - Free-Air Temperature - °C 

Figure 17 

DIFFERENTIAL INPUT VOLTAGE 
vs 

OUTPUT VOLTAGE 

VCC±=±15V 
_ VIC=O 

RS=500 

_ TAj250 C RL=6000 

I 
I RL=2kO ~ 

~ RL=10kO 

,--~V" RL=10kO 

/ IRL =2kO 

I RL=60do 

{ 
-15 -10 -5 o 5 10 

Va - Output Voltage - V 

Figure 19 

15 

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 

TLE2081 AND TLE2082 -
MAXIMUM POSITIVE PEAK OUTPUT VOLTAGE 

va 

> 15 
I J 13.5 

~ 12 

} 10.5 

I 

9 

7.5 

6 

4.5 

3 

...... --
OUTPUT CURRENT 

...... ~ 
\ .... '" TA=-55°C 

\ \ " , 
~ 

\- \ TA = 25°C 

TA=1250~ -\ I I 
TA=85°C -

I 1.5 

~ 
I- VCC± = ±15 V 

I -I J 
> 

> 
I 

o 
o -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 

10 - Output Current - mA 

Figure 20 

TLE2081 AND TLE2082 
MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE 

va 
OUTPUT CURRENT 

-15 

I -13.5 
~ 

r--= ~ r-... ~ =~55ob ;> -12 

J 
i 

-10.5 

-9 

j -7.5 

-6 

I -4.5 

-3 

~ 
\ 

TA=125°C 

"\ ---~ I 
T:=25~C 

\ 
\ 
\ TA=85°C -, 

I 
I -1.5 1 

I- VCC±=±15V 
I -I 1 i!l 

> 
o 

o 5 10 15 20 25 30 35 40 45 50 

10 - Output Current - mA 

Figure 22 
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TLE2084 
MAXIMUM POSmVE PEAK OUTPUT VOLTAGE 

va 
OUTPUT CURRENT 

3~---+----~----r----+----~ 

VCC±=±15V 

O~--~----~----~--~----~ 
o -10 -20 -30 

10 - Output Current - mA 

Figure 21 

TLE2084 

-40 -50 

MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE 
va 

OUTPUT CURRENT 

} -6~--~----~--~----~--~ 
E 
::0 
E I -3 

II VCC± = ±15 V 

~ o~--~----~----~--~----~ 
> 0 10 20 30 

10 - Output Current - mA 

Figure 23 

40 50 

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 

5 
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2 

0 

-1 
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-3 

-4 

-5 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

10 = -200 IJA 

10,=-2,mA 

10=-20mA 

T 
I 

I- VCC±=±5V 
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10~2JA 
10= 200IJA 

-75 -55 -35 -15 5 25 45 65 85 105 125 
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15 
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-20 

-25 

TA - Free-Air Temperature - °C 

Figure 24 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

TA=25°C 

10 = -21»0 IJA A ~ 
A e ~ 

e V 
10=-2mA 

A 

~ V 10=-20mA 

1 1 
~ ~ lol20~A 

""'lI~~ 
10=2mA -

. .....,.~~ / 
10= 2OO1JA ""'lI 

~ I I 

o 2.5 5 7.5 10 12.5 15 17.5 20 22.5 25 

IVCC±I- Supply Voltage - V 

Figure 26 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I ~ I. 
10=-2001JA "-

10 = 2001JA 
~ 

,/ /'" 10=2mA 

10=-2mA 

10=20mA 

10=-20mA r-- -
......... 

I- VCC±=±15V 
I-I I 

-75 -55 -35 -15 5 25 45 65 85 105 125 

TA - Free-Air Temperature - °C 

Figure 25 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

30 
VCC±=±15V 'T~'~~5°C, 

,/ 125°C 
25 

TA=-55°C ~ I 

20 

T~=25'C, 
125'C 

15 

I 10 
VCC±=±5V 

5 

o 
lOOk 

I I" ~ 
..... 

TA=-55'C/ 

1M 

~ 

~ 

f - Frequency - Hz 

Figure 27 

RL=2kn 

~~ 
10M 

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 
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OUTPUT VOLTAGE 
vs 

SETTLING TIME 

I 10mV / 
./1mV 

I ~ VCC~=±15V _ , ... 
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CL= 100pF 
AV=-1 

\ - Falling 
TA = 25°C 

\ -........... r 
"'" 1 mV 

10mV 

" 0.5 

ts - Settling TIme -1111 

Figure 28 

1.5 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

-
-

2 

125 

120 

95 

90 
0.1 

125 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
LOAD RESISTANCE 

VIC=O 
RS=50Q 

TA = 25fl II V i-"'" 

~~~I± = ±15 V I 

I V i'-"~ 

/"" VCC±=±5V 

V 

10 

RL - Load Resistance - kQ 

Figure 29 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

I I I 
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TA - Free-Air Temperature - °C TA - Free-Air Temperature - °C 

Figure 30 Figure 31 

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 CHARACTERISTICS 

SMALL·SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 
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1 1 _~ 
VCC±=±15V 
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Figure 32 

SMALL-8IGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 
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t-+++-t-tl 100° 
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- 20 L....._.L-...I-...L...J-1...u...LJ_....L..J.L-.u.. ........ ....L...L ....... 180° 
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f - Frequency - MHz 

Figure 33 
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TYPICAL CHARACTERISTICSt 
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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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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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t Data at high and low temperatures are appHcable only within the rated operating free·air temperature ranges of the various devices. 
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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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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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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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OPERATIONAL AMPLIFIERS 
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t Data at high and low temperatures are applicable only wHhin the rated operating free-air temperature ranges of the various devices. 
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CL=1OOpF 
TA=25°C 
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Figure 71 

,. 

1.2 

TLE2082 AND TLE2084 
CROSSTALK ATTENUATION 

vs 
FREQUENCY 

'" ~ 
VCC±=±15V 
VIC=O 
RL=2 k.Q 
TA=25°C 

1.6 

100 1 k 10k 100 k 

f - Frequency - Hz 

Figure 73 

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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TLE208x,TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 
OPERATIONAL AMPLIFIERS 
SLOSl82- FEBRUARY 1997 

APPLICATION INFORMATION 

input characteristics 

The TLE208x, TLE208xA, and TLE208xB are specified with a minimum and a maximum input voltage that if 
exceeded at either input could cause the device to malfunction. Because of the extremely high input impedance 
and resulting low bias current requirements, the TLE208x, TLE208xA, and TLE208xB are well suited for 
low-level signal processing; however, leakage currents on printed-circuit boards and sockets can easily exceed 
bias current requirements and cause degradation in system performance. It is good practice to include guard 
rings around inputs (see Figure 74). These guards should be driven from a low-impedance source at the same 
voltage level as the common-mode input. 

Where R3 = R2 
R4 R1 

Flgure74. Use of Guard Rings 

Vo Vo 

TLE2081 input offset voltage nulling 

6-284 

The TLE2061 series offers external null pins that can be used to further reduce the input offset voltage. The 
circuit of Figure 75 can be connected as shown if the feature is desired. When external nulling is not needed, 
the null pins may be left unconnected. 

IN-

OUT 

IN+ 

'-----'\IV\r-- vcc-

Figure 75. Input Offset Voltage Nulling 
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TLE208x, TLE208xA,TLE208xY 
EXCALIBUR HIGH-SPEED JFET-INPUT 

OPERATIONAL AMPLIFIERS 
SLOS182 - FEBRUARY 1997 

APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 4) and subcircuit in Figure 58 were generated using the TLE208x typical electrical and 
operating characteristics atTA = 25°C. Using this information, output simulations of the following key parameters 
can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 
NOTE 4: G.A. Boyte, B.M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers', 1£££ Journal 

of Solid-State Circuits, SC-9, 353 (1974). 

3 DLN 

,---------l4I--.. 92 

RP 
2 

IN- __e-t--1-----<lH-i 

IN+ __e-+--I-----+---+----' 

C1 

RD1 

VCC_~~~---~4~-~_+__+_.~~~------------5_e 
ROl 

OUT 

.SUBCKT TLE208x 1 2 3 4 5 
Cl 11 12 2.2E-12 
C2 6 7 10.00E-12 
DC 5 53 ox 
DE 54 5 OX 
DLP 90 91 OX 
DLN 92 90 OX 
DP 4 3 OX 
EGND 99 0 POLY (2) (3,0)(4,0) 0.5.5 
FB 7 99 POLY (5) VB VC VE VLPVLN 0 

+ .... 5.607E6 -6E6 6E6 6E6 -6E6 
GA 6 0 11 12333.0E-6 
GCM 0 6 1099 7.43E-9 
ISS 3 10 DC 400.0E-6 
HUM 90 0 VUM lK 
Jl 11 2 10JX 
J2 12 1 .10JX 

R2 6 9 l00.0E3 
RDl 4 11 3.003E3 
RD2 4 12 3.003E3 
ROl 8 5 80 
R02 7 99 80 
RP 3 4 27.30E3 
RSS 10 99 500.0E3 
VB 9 0 DCO 
VC 3 53 DC 2.20 
VE 54 4 DC 2.20 
VUM 7 8 DCO 
VLP 91 0 DC 45 
VLN 0 92 DC45 

.MODEL OX 0 (lS=800.0E-18) 

.MODEL JX PJt= (IS=15.00E-12 BETA=554.5E-6 
+VTO~.6) 
.ENDS 

Figure 76. Boyle Macromodel and Subcircuit 

PSpice and Parts are trademarks of MicroSim Corporation. 
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• Low Noise 
10 Hz ••• 15 nVl..JHz 
1 kHz •.• 10.5 nVl..JHz 

• 10000-pF Load Capability 
• 20-mA Min Short-Circuit Output Current 

• 27-VlIJ.S Min Slew Rate 
• High Gain-Bandwidth Product ... 5.9 MHz 

• Low VIO ••• 500/lV Max at 25°C 

description 

TLE214x, TLE214xA, TLE214xY, 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 

• Single or Split Supply .•• 4 V to 44 V 

• Fast Settling Time 
340 ns to 0.1% 
400 ns to 0.01 % 

• Saturation Recovery ••• 150 ns 

• Large Output Swing 
Vcc_+O.1 VtoVcc+-1 V 

The TLE214x and TLE214xA devices are high-performance, internally compensated operational amplifiers 
built using Texas Instru..ments complementary bipolar Excalibur process. The TLE214xA is a tighter offset 
voltage grade of the TLE214x. Both are pin-compatible upgrades to standard industry products. 

The design incorporates an input stage that simultaneously achieves low audio-band noise of 10.5 nV/-{Hz with 
a 10-Hz 1/f corner and symmetrical 40-V//ls slew rate typically with loads up to 800 pF. The resulting low 
distortion and high power bandwidth are important in high-fidelity audio applications. A fast settling time of 
340 ns to 0.1 % of a 1 O-V step with a 2-kQf1 OO-pF load is useful in fast actuator/positioning drivers. Under similar 
test conditions, settling time to 0.01 % is 400 ns. 

The devices are stable with capacitive loads up to 10 nF, although the 6-MHz bandwidth decreases to 1.8 MHz 
at this high loading level. As such, the TLE214x and TLE214xA are useful for low-droop sample-and-holds and 
direct buffering of long cables, including 4-mA to 20-mA current loops. 

The special design also exhibits an improved insensitivity to inherent integrated circuit component mismatches 
as is evidenced by a SOO-/lV maximum offset voltage and 1.7-/lV/oe typical drift. Minimum common-mode 
rejection ratio and supply-voltage rejection ratio are 85 dB and 90 dB, respectively. 

Device performance is relatively independent of supply voltage over the ±2-V to ±22-V range. Inputs can 
operate between Vcc- - 0.3 to Vcc+ -1.8 V without inducing phase reversal, although excessive input current 
may flow out of each input exceeding the lower common-mode input range. The all-npn output stage provides 
a nearly rail-to-rail output swing of Vcc-- 0.1 to Vcc+ -1 V under light current-loading conditions. The device 
can sustain shorts to either supply since output current is internally limited, but care must be taken to ensure 
that maximum package power dissipation is not exceeded. 

Both versions can also be used as comparators. Differential inputs of Vcc± can be maintained without damage 
to the device. Open-loop propagation delay with TIL supply levels is typically 200 ns. This gives a good 
indication as to output stage saturation recovery when the device is driven beyond the limits of recommended 
output swing. 

Both the TLE214x and TLE214xA are available in a wide variety of packages, including both the 
industry-standard 8-pin small-outline version and chip form for high-density system applications. The e-suffix 
devices are characterized for operation from ooe to 70oe, I-suffix devices from -40oe to 10Soe, and M-suffix 
devices over the full military temperature range of -ssoe to 12Soe. 
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TLE214x,TLE214xA,TLE214xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83 - FEBRUARY 1997 

TLE2141 AVAILABLE OPTIONS 

PACKAGED J)EVICES 

VIOmax 
TA 

SMALL OUT-
CHIP CARRIER CERAMIC DIP AT 25°C L1NEt 

(D) 
(FK) (JG) 

O°Cto 70°C 
SOOI1V TLE2141ACD 
9OOl1V TLE2141CD - -

-40°C to 105°C 
5OOl1V TLE2141AID 
9OOI1V TLE21411D - -

-55°C to 125°C 
5OOl1V TLE2141AMD TLE2141AMFK TLE2141AMJG 
900l1V TLE2141MD TLE2141MFK TLE2141MJG 

PLASTIC DIP 
(P) 

TLE2141ACP 
TLE2141CP 

TLE2141AIP 
TLE21411P 

TLE2141AMP 
TLE2141MP 

tThe D packages are available taped and reeled. Add R suffix to device type (e.g., TLE2141 ACDR). 
:I: Chip forms are tested at TA = 25°C only. 

TLE2142 AVAILABLE OPTIONS 

PACKAGED DEVICES 

CHIP 
FORM* 

(Y) 

-

TLE2141Y 

-

CHIP 

VIOmax 
SMALL CHIP CERAMIC PLASTIC 

TSSOP* FORM§ 
TA OUTLlNEt CARRIER DIP DIP 

AT 25°C 
(D) (FK) (JG) (P) 

(PW) (Y) 

75Ol1V TLE2142ACD - - TLE2142ACP -
O°C to 70°C -

1200l1V TLE2142CD - - TLE2142CP TLE2142CPWLE 

750l1V TLE2142AID - - TLC2142AIP -
-40°C to 105°C 

1200 I1V TLE21421D - - TLC21421P -
75Ol1V TLE2142AMD TLE2142AMFK TLE2142AMJG TLC2142AMP -

• -55°C to 125°C 
12OOl1V TLE2142MD TLE2142MFK TLE2142MJG TLC2142MP -

tThe D packages are available taped and reeled. Add R suffix to device type (e.g., TLC2142ACDR)_ 
:j:The PW packages are available left-ended taped and reeled. Add LE the suffix to device type (e.g., TLC2142CPWLE). 
§ Chip forms are tested at TA = 25°C only. 

&-288 

TLE2144 AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA 
Vlomax 

SMALL OUTLINEt CHIP CARRIER AT 25°C CERAMIC DIP PLASTIC DIP 
(DW) (FK) (J) (N) 

O°Cto 70°C 
1.5mV - - - TLE2144ACN 
2.4mV TLE2144CDW TLE2144CN - -

-40°C to 105°C 
1.5mV - - - TLE2144AIN 
2.4mV TLE2144IDW - - TLE2144IN 

-55°C to 125°C 
1.5mV - TLE2144AMFK TLE2144AMJ TLE2144AMN 
2.5mV TLE2144MDW TLE2144MFK TLE2144MJ TLE2144MN 

t The DW packages are available taped and reeled. Add R suffix to device type (e.g., TLE2144CDWR). 
:I: Chip forms are tested at TA = 25°C only. 
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TLE2142Y 

-

CHIP FORM'I' 
(V) 

-

TLE2144Y 

-



TLE2141 
D, JG, OR P PACKAGE 

(TOP VIEW) 

IN- 2 7 VCC+ 
OFFSET N1 08 NC 

IN+ 3 6 OUT 
VCC- 4 5 OFFSET N2 

NC 4 
IN- 5 
NC 6 
IN+ 7 

NC 8 

TLE2141 
FKPACKAGE 
(TOP VIEW) 

Z 
Iii 

o U.O~ 0 0 0 z zzz 

3 2 1 2019 
18 

17 

16 

15 

14 
9 .10 11 12 13 

o IOZC\lO 
Z 0 Z Z 

-? Iii 
~ 
u. o 

TLE2144 
DWPACKAGE 

(TOP VIEW) 

NC 

40UT 
41N-
41N+ 

VCC-
31N+ 
31N-
30UT 

NC - No internal connection 

NC 

VCC+ 
NC 
OUT 
NC 

TLE214x,TLE214xA, TLE214xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2142 TLE2142 
PWPACKAGE D, JG, OR P PACKAGE 

(TOP VIEW) 

11N+ 
VCC-
VCC-

NC 

.TLE2144 
J OR N PACKAGE 

(TOP VIEW) 

10UT 40UT 
11N- 41N-

41N+ 

VCC+ 4 VCC-
21N+ 31N+ 
21N- 31N-

20UT 7 8 30UT 
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NC 
VCC+ 
VCC+ 
20UT 
21N-
21N+ 
21N+ 
NC 

NC 
11N-

NC 

1IN+ 
NC 

(TOP VIEW) 1=OVOC
, 11N- 2 7 20UT 

11N+ 3 6 21N-
VCC- 4 5 21N+ 

4 

5 

6 

7 

8 

TLE2142 
FKPACKAGE 
(TOP VIEW) 

I- + 
0:::>000 
Z~Z$'Z 

3 2 1 2019 
18 

17 

16 

15 

14 
9 10 11 12 13 

0 10+0 
ZOZZZ 

o -> C\I 

TLE2144 
FKPACKAGE 
(TOP VIEW) 

I~ 1-1 
Z 0:::> Z 
;:~Z~<t 

NC 
20UT 
NC 
21N-
NC 

11N+ 4 3 2 1 201918 41N+ 

NC 5. 17 NC 

VCC+ 6 16 VCC-
NC 7 15 NC 

21N+ 8 14 31N+ 
9 10 11 12 13 
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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

symbol 
OFFSETN1 
(see Note A) 

IN+ 

IN-

OFFSETN2 
(see Note A) 

NOTES: A. OFFSET N1 AND OFFSET N2 
are only availiable on the 
TLE2241x devices. 

TLE2141Y chip information 

6-290 

This chip, when properly assembled, displays characteristics similar to the TLE2141. 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 

1.4-----------~--------------~~ 
111111111111111111111111111111111111111111111111111111II 

~TEXAS 
INSTRUMENTS 

OFFSETN1 

IN+ 

IN-

OFFSETN2 
VCC-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2142Y chip information 

-= 
-= -= -= 

-= 

-= 

This chip, when properly assembled, displays characteristics similar to the TLE2142. 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 

14 .1 
1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
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IN+ (3) 

IN- (2) 

OUT 

VCC-

OUT 

IN+ 

(6) IN-

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. 
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TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSI83- FEBRUARY 1997 

TLE2144Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLE2144. 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. 

6-292 

BONDING PAD ASSIGNMENTS 

~ ~ 
1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'.1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 '1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 '1'1'1 '1 '1'1'1'1'1'1'1'1'1 
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11N+ (3) 

11N- (2) 

21N+ ~5) + (7) 
(6) 20UT 

21N- -

31N+ ~10) + (8) 
(9) aoUT 

31N- -

41N+ (12) 

41N- (13) 

CHIP THICKNESS: 
15 TYPICAL 

BONDING PADS: 
4x4MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 
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equivalent schematic 

IN-

IN+ I I I I 

OFFSETN1 
(see Note A) 

OFFSETN2 
(see Note A) 

Vcc+ 

R11 

VCC
NOTE A: OFFSET Nl AND OFFSET N2 are only availiable on the TLE2241 x devices. 

R14 R18 R19 
R21 

R24 

R15 R17 
~--~y-~~~~--~~*---+-----+-~~+-OUT 

R13 R16 

R22 

ACTUAL DEVICE COMPONENT COUNT 

COMPONENT TLE2241 TLE2242 TLE2244 

Transistors 46 65 130 

Resistors 24 43 86 

Diodes 8 14 28 

Capacitors 4 8 16 

Epi-FET 1 1 2 
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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSI83- FEBRUARY 1997 

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

Supply voltage, Vcc+ (see Note 1) .......................................................... 22 V 
Supply voltage, Vcc- .................................................................... -22 V 
Differential input voltage, VIO (see Note 2) .................................................. ±44 V 
Input voltage range, VI (any input) ........................................... Vcc+ to VCC- - 0.3 V 
Input current, II (each input) .............................................................. ±1 mA 
Output current, 10 ...................................................................... ±80 mA 
Total current into V CC + ........... ,....................................................... 80 mA 
Total current out of Vcc- ................................................................. 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: C suffix ....................................... O°C to 70°C 

I suffix .................................... -40°C to 105°C 
M suffix ................................... -55°C to 125°C 

Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0, OW, N, P, or PW package ..... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or 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 VCC+ and VCC-. 
2. Differential voltages are at IN+ with respect to IN-. Excessive current flows if input is brought below VCC- - 0.3 V. 
3. The output may be shorted to either supply. Temperature and/or supply vpltages must be limited to ensure that the maximum 

diSSipation rating is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE' TAS;25°C DERATING FACTOR TA = 70°C TA=105OC TA = 125°C 
POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING POWER RATING 

D 725mW 5.8mW/oC 464mW 261 mW 145mW 

DW 1025mW 8.2mW/oC 656mW 369mW 205mW 

FK 1375mW 11.0mW/oC 880mW 495mW 275mW 

J 1375mW 11.0mW/oC 880mW 495mW 275mW 

JG 1050mW 8.4mW/oC 672mW 378mW 210mW 

N 1150mW 9.2mWtoC 736mW 414mW 230mW 

p 1000mW 8.0mW/oC 640mW 360mW 200mW 

PW 525mW 4.2mW/oC 336mW 

recommended operating conditions 
CSUFFIX I SUFFIX MSUFFIX 

Supply voltage, VCC+ 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 
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IVCC=5V 

IVCC±=±15V 
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MIN 

±2 

0 

-15 

0 

POST OFFICE BOX,655303 • DALLAS, TEXAS 75265 

MAX 

±22 

2.9 

12.9 

70 

MIN MAX MIN MAX 

±2 ±22 ±2 ±22 

0 2.7 0 2.7 

-'15 12.7 -15 12.7 

-40 105 -55 125 

UNIT 

V 

V 

°C 



TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOSI83- FEBRUARY 1997 

TLE2141 C electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient of 
input offset voltage 

',0 Input offset current 

liB Input bias current 

Common-mode input 
V,CR voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

Large-signal differential 
AVO voltage amplification 

ri Input resistance 

ci Input capacitance 

zo 
Open-loop output 
impedance 

Common-mode rejection 
CMRR 

ratio 

Supply-voltage rejection 
ksVR ratio (.:I.VCC±/.:I.V,O) 

ICC Supply current 

t Full range IS O°C to 70°C. 

TAt 
TLE2141C 

TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VO=2.5V RS=50Q, 
V'C=2.5V 25°C 

Full range 

25°C 

Full range 

0 
250C to 

3 
RS=500 

0 
Full range to 

2.9 

25°C 3.9 
10H = -150 J.LA 

Full range 3.8 

25°C 3.8 
'OH=-1:5mA 

Full range 3.7 

25°C 3.2 
'OH=-15mA 

Full range 3.2 

25°C 
10L = 150 J.LA 

Full range 

25°C 
IOL=1.5mA 

Full range 

25°C 
IOL=15mA 

Full range 

VCC=±2.5V, RL=2 kO, 25°C 50 

VO=1Vto-1.5V Full range 25 

25°C 

25°C 

f= 1 MHz 25°C 

25°C 85 
V'C = V,CRmin, RS = 50 0 

Full range 80 

VCC±=±2.5 Vto±15 V, 25°C 90 

RS=500 Full range 85 

VO=2.5V, No load, 25°C 

V'C=2.5V Full range 
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TYP 

225 

1.7 

8 

-0.8 

-0.3 
to 

3.2 

4.1 

4 

3.7 

75 

150 

1.2 

220 

70 

2.5 

30 

118 

106 

3.4 

TLE2141AC 

MAX MIN TYP MAX 
UNIT 

1400 200 1000 

1700 1300 
J.lV 

1.7 J.lvrc 

100 8 100 
nA 

150 150 

-2 -0.8 -2 

-2.1 -2.1 
J.LA 

0 -0.3 
to to 
3 3.2 

V 
0 

to 
2.9 

3.9 4.1 

3.8 

3.8 4 
V 

3.7 

3.2 3.7 

3.2 

125 75 125 

150 150 
mV 

225 150 225 

250 250 

1.6 1.2 1.6 
V 

1.7 1.7 

50 220 
V/mV 

25 

70 MO 

2.5 pF 

30 0 

85 118 
d.B 

80 

90 106 
dB 

85 

4.4 3.4 4.4 
rnA 

4.6 4.6 
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TLE214x, TLE214xA, TLE214xY 
EXCALIBURLOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2141C operating characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDmONs 
MIN. 

SR+ Positive slew rate AVO=-1, RL=2kO,t, 
SR- Negative slew rate CL=500 pFt. 

AVO=-1, IToO.1% 
ts Settling time 

2.5-V step I To 0.01% 

RS=200, 1 = 10 Hz 
Vn Equivalent input noise voltage 

RS=200, 1=1kHz 

Peak-ta-peak equivalent input 1=0.1 Hz to 1 Hz 
VN(PP) noise voltage 1=0.1 Hz to 10Hz 

In Equivalent input noise current 
f=10Hz 

1= 1 kHz 

THO+N 
Total hannonic distortion Va=1 Vt03V, RL=2kOt, 
plus noise AVO=2, 1=10kHz 

B1 Unity-gain bandwidth RL=2kOt, OL= 100 pFT 

GaJn-bandwidth product RL=2kOt, CL= 100 pFt, 
1=100 kHz 

BOM 
Maximum output-swing VO(PP)= 2V, RL=2kOT, 
bandwidth AVO = 1, CL = 100 pFt 

<l>m Phase margin at unity gain RL=2 kOt, CL= 100pFt 

t RL and CL tenninated to 2.5 V. 

~ThxAs 
INSTRUMENTS 

TLE2141C 

TYP 

45 

42 

0.16 

0.22 

15 

10.5 

0.48 

0.51 

1.92 

0.5 

0.0052% 

5.9 

5.8 

660 

57° 
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TLE2141AC 

MAX MIN TYP MAX 
UNIT 

45 

42 
VIlIS 

0.16 

0.22 
lIS 

15 

10.5 
nVNHz 

0.48 

0.51 
ILV 

1.92 
pAlVHz 

0.5 

0.0052% 

5.9 MHz 

5.8 MHz 

660 kHz 

57° 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2141C electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient 
01 input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative 
VOM- peak output voltage 

swing 

Large-signal differential 
AVO voltage amplification 

'1 Input resistance 

ci Input capacitance 

zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage 
ksVR rejection ratio 

(L1VCC±IL1VIO) 

Short-circuit output 
lOS current 

ICC Supply current 

t Full range is O°C to 70°C. 

TAt 
TlE2141C 

TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VIC=O, RS=500, 
VO=O 25°C 

Full range 

25°C 

Full range 

-15 
25°C to 

13 
RS=500 

-15 
Full range to 

12.9 

25°C 13.8 
10 = -150 IlA 

Full range 13.7 

25°C 13.7 
10=-1.5rnA 

Full range 13.6 

25°C 13.1 
10=-15mA 

Full range 13 

25°C -14.7 
10 = 150 IlA 

Full range -14.6 

25°C -14.5 
10=1.5mA 

Full range -14.4 

25°C -13.4 
10=15mA 

Full range -13.3 

25°C 100 
VO=±10V 

Full range 75 

RL=2kO 25°C 

25°C 

1=1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS=500 

Full range 80 

VCC± = ±2.5 V to ±15 V, 25°C 90 

RS=500 Full range 85 

IVlo= 1 V -25 
VO= 0 25°C 

lVIO=-1 V 20 

25°C 
VO= 0, No load 

Full range 

~'TEXAS 
INSTRUMENTS 

TYP 

200 

1.7 

7 

-0.7 

-15.3 
to 

13.2 

-15.3 
.to 

13.1 

14.1 

14 

13.7 

-14.9 

-14.8 

-13.8 

450 

65 

2.5 

30 

108 

106 

-50 

31 

3.5 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75265 

TLE2141AC 

MAX MIN TYP MAX 
UNIT 

900 175 500 

1300 800 
ltV 

1.7 Itvrc 

100 7 100 
nA 

150 150 

-1.5 -0.7 -1.5 

-1.6 -1.6 
IlA 

-15 -15.3 
to to 
13 13.2 

V 
-15 -15.3 

to to 
12.9 13.1 

13.8 14.1 

13.7 

13.7 14 
V 

13.6 

13.1 13.7 

13 

-14.7 -14.9 

-14.6 

-14.5 -14.8 
V 

-14.4 

-13.4 -13.8 

-13.3 

100 450 
V/mV 

75 

65 MO 

2.5 pF 

30 0 

85 108 
dB 

80 

90 106 
dB 

85 

-25 -50 
rnA 

20 31 

4.5 3.5 4.5 
mA 

4.7 4.7 
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TLE214X" TLE214xA, TLE214xV 
EXCALIBUR lOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL. AMPLIFIERS 
SLOSl83- FEBRUARY 1997 

TLE2141C operating characteristics, VCC± ~ ±15 V, TA ~ 25°C 

TLE2141C 
PARAIIIIETER TEST CONDITIONS 

MIN TYP 

SR+ POSitive slew rate AVO=-1, RL=2 kQ, 27 45 

SR- Negative sleW rate CL=500pF 27 42 

AVO=-1, IToO.1% 0.34 
ts Seltlingtime 

10N step ITo 0.01% 0.4 

Equivalent input noise voltage 
RS=20n. f = 10 Hz 15 

Vn 
RS=20Q, f = 1 kHz 10.5 

Peak-to-peak equivalent input f = 0.1 Hz to 1 Hz 0.48 
VN(PP) noise voltage f'= 0.1 Hz to 10 Hz 0.51 

Equivalent input noise current 
f = 10 Hz 1.89 

In 
f=1 kHz 0.47 

THO+N 
Total harmonic distortion plus VO(PP) = 20 V, RL = 2 kQ, 0.01% 
noise AVO = 10, t= 10kHz 

B1 Unity-gain bandwidth RL=2 kQ, CL=100pF 6 

Gain-bandwidth product RL=2kQ, CL= 100 pF, 
5.9 

t= 100 kHz 

80M 
Maximum output-swing VO(PP) = 20 V, RL=2 kQ, 

668 
bandwidth AVO = 1, CL=100pF 

4>m Phase margin at unity gain RL=2 kQ, CL=100pF 580 

~TEXAS . 
INSTRUMENTS 
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TLE2141AC 

MAX MIN TYP 
UNIT 

MAX 

27 45 

27 42 
V/JIB 

0.34 

0.4 
JIB 

15 
nV/VHz 

10.5 

0.48 

0.51 
I1V 

1.89 
pAlVHz 

0.47 

0.01% 

6 MHz 

5.9 MHz 

668 kHz 

580 



TLE214x, TLE214xA,TLE214xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2142C electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

(lVIO 
Temperature coefficient of 
input offset voltage 

110 Input offset current 

118 Input bias current 

Common-mode input 
VICR voltage range 

VOH High-level output voltage 

VOL low-level output voltage 

Large-signal differential 
AVD voltage amplification 

ri Input resistance 

ci Input capacitance 

zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio (dVCC±/dVIO) 

ICC Supply current 

t Full range is O°C to 70°C. 

TAt 
TLE2142C 

TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VO=2.5V, RS=500, 
VIC= 2.5 V 25°C 

Full range 

25°C 

Full range 

0 
25°C to 

3 
RS=500 

0 
Full range to 

2.9 

25°C 3.9 
10H = -150 ItA 

Full range 3.8 

25°C 3.8 
IOH=-1.5mA 

Full range 3.7 

25°C 3.4 
IOH=-15mA 

Full range 3.4 

25°C 
10L = 150 ItA 

Full range 

25°C 
10l= 1.5mA 

Full range 

25°C 
10l= 15 mA 

Full range 

VCC=±2.5V, Rl=2 kO, 25°C 50 

VO=1Vto-1.5V Full range 25 

25°C 

25°C 

f= 1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS = 50 0 

Full range 80 

VCC± = ±2.5 V to ±15 V, 25°C 90 

RS=500 Full range 85 

VO=2.5V, No load, 25°C 

VIC =2.5 V Full range 

-!11 TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

TYP 

220 

1.7 

8 

-0.8 

-0.3 
to 

3.2 

4.1 

4 

3.7 

75 

150 

1.2 

220 

70 

2.5 

30 

118 

106 

6.6 

TLE2142AC 

MAX MIN TYP MAX 
UNIT 

1900 200 1500 

2200 1800 
ltV 

1.7 ItV/oC 

100 8 100 
nA 

150 150 

-2 -0.8 -2 

-2.1 -2.1 
ItA 

0 -0.3 
to to 
3 3.2 

V 
0 

to 
2.9 

3.9 4.1 

3.8 

3.8 4 
V 

3.7 

3.4 3.7 

3.4 

125 75 125 

150 150 
mV 

225 150 225 

250 250 

1.4 1.2 1.4 
V 

1.5 1.5 

50 220 
V/mV 

25 

70 MO 

2.5 pF 

30 0 

85 118 
d8 

80 

90 106 
d8 

85 

8.8 6.6 8.8 
mA 

9.2 9.2 
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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION· OPERATIONAL AMPLIFIERS 
SLOSI83- FEBRUARY 1997 

TLE2142C operating characteristics, Vee = 5 V, T A = 25°C 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Setllingtime 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In Equivalent input noise current 

THD+N 
Total harmonic distortion plus 
noise 

Bl Unity-gain bandwidth 

Gain-bandwidth product 

BOM 
Maximum output-swing 
bandwidth 

CPm Phase margin at unity gain 

t RL terminates at 2.5 V. 

&-300 

TEST CONDITIONS 

AVD=-l, RL=2knt, 
CL=500 pF 

AVD=-l, ITOO.1% 
2.5-Vstep I To O.OlO/~ 

RS=20Q, f= 10 Hz 

RS=20n, 1 = 1 kHz 

1=0.1 Hz to 1 Hz 

1=0.1 Hz to 10 Hz 

1=10Hz 

1 = 1 kHz 

VO= 1 Vto3 V, RL=2knt, 
AVD=2, f=10kHz 

RL=2knt, CL= l00pF 

RL=2knt, CL= l00pF, 
1= 100 kHz 

VO(PP)= 2 V; RL=2knt, 
AVD=l, CL=l00pF 

RL=2knt, CL=100pF 

-!I1TEXAS 
INSTRUMENTS 

TLE2142C 

MIN TYP 

45 

42 

0.16 

0.22 

15 

10.5 

0.48 

0.51 

1.92 

0.5 

0.0052% 

5.9 

5.8 

660 

57° 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TLE2142AC 
UNIT 

MAX MIN TYP MAX 

45 

42 
VIlIS 

0.16 

0.22 
!IS 

15 
nVNHz 

10.5 

0.48 

0.51 
I1V 

1.92 
pA!-.fHz 

0.5 

0.0052"10 

5.9 MHz 

5.8 MHz 

660 kHz 

57° 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2142C electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless 
otherwise noted) 

TAt 
TLE2142C TLE2142AC 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 290 1200 275 750 
VIO Input offset voltage 

Full range 1600 1200 
!LV 

aVIO 
Temperature coefficient 01 

Full range 1.7 1.7 !LV/"C 
input offset voltage VIC=O, RS=50Q, 

VO=O 25°C 7 100 7 100 
110 Input offset current nA 

Full range 150 150 

25°C -0.7 -1.5 -0.7 -1.5 
liB Input bias current 

Full range -1.6 -1.6 
ItA 

-15 -15.3 -15 -15.3 
25°C to to to to 

Common-mode input 13 13.2 13 13.2 
VICR Rs=50n V 

voltage range .-15 -15.3 -15 -15.3 
Full range to to to to 

12.9 13.1 12.9 13.1 

25°C 13.8 14.1 13.8 14.1 
10 = -150 ItA 

Full range 13.7 13.7 

Maximum positive peak 25°C 13.7 14 13.7 14 
VOM+ output voltage swing 

10=-1.5mA V 
Full range 13.6 13.6 

25°C 13.3 13.7 13.3 13.7 
10=-15mA 

Full range 13.2 13.2 

25°C -14.7 -14.9 -14.7 -14.9 
10 = 150 ItA 

Full range -14.6 -14.6 

Maximum negative peak 25°C -14.5 -14.8 -14.5 -14.8 
VOM- 10=1.5mA V 

output voltage swing Full range -14.4 -14.4 

25°C -13.4 -13.8 -13.4 -13.8 
10= 15 mA 

Full range -13.3 -13.3 

Large-signal differential 25°C 100 450 100 450 
AVO VO=±10V V/mV 

voltage amplification Full range 75 75 

~ Input resistance RL=2kn 25°C 65 65 Mn 

ci Input capacitance 25°C 2.5 2.5 pF 

Zo 
Open-loop output 

1= 1 MHz 25°C 30 30 n 
impedance 

Common-mode VIC = VICRmin, 25°C 85 108 85 108 
CMRR dB 

rejection ratio RS=50Q Full range 80 80 

Supply-voltage rejection VCC±=± 2.5Vto±15V, 25°C 90 106 90 106 
kSVR dB 

ratio (AVCC±/AVIO) RS=50n Full range 85 85 

IVIO=l V -25 -50 -25 -50 
lOS Short-circuit output current VO=O 

IVIO=-l V 
25°C mA 

20 31 20 31 

25°C 6.9 9 6.9 9 
ICC Supply current VO=O, No load mA 

Full range 9.4 9.4 

t Full range is O°C to 70°C. 

~lExAs 
INSTRUMENTS 
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TLE214x, TLE214xA, TLE214xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION· OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2142C operating characteristics, Vcc± = ±15 V, TA = 25°C 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent input 
VN(PP) noise voltage 

In Equivalent input noise current 

THD+N 
Total harmonic distortion plus 
noise 

Bl Unity-gain bandwidth 

Gain-bandwidth product 

BOM 
Maximum output-swing 
bandwidth 

cilm Phase margin at unity gain 

6-302 

TEST CONDITIONS 
MIN 

AVD=-l, Rl=2kQ, 27 

Cl= 500 pF 27 

AVD=-l, I To 0.1% 
10-V step I To 0.01% 

RS=200, f = 10 Hz 

RS=200, f = 1 kHz 

f = 0.1 Hz to 1 Hz 

f = 0.1 Hz to 10 Hz 

f= 10Hz 

f = 1 kHz 

VO(PP) = 20 V, Rl=2kO, 
AVD= 10, f=10kHz 

Rl=2 kg, Cl= l00pF 

Rl=2kg" ICl= l00pF, 
f =100 kHz 

VO(PP) = 20 V, RL=.2kO, 
AVD=l, Cl= 100 pF 

Rl=2kQ, Cl=l00pF 

~TEXAS . 
INSTRUMENTS 

TLE2142C 

TYP 

45 

42 

0.34 

0.4 

15 

10.5 

0.48 

0.51 

1.89 

0.47 

0.01% 

6 

5.9 

668 

58° 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TLE2142AC 
UNIT 

MAX MIN TYP MAX 

27 .45 

27 42 
V/jJf3 

0.34 

0.4 
jJf3 

15 

10.5 
nVNHz 

0.48 

0.51 
ltV 

1.89 
pAlVHz 

0.47 

0.01% 

6 MHz 

5.9 MHz 

668 kHz 

58° 



TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2144C electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient 
of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

High-level output 
VOH voltage 

Low-level output 
VOL 

voltage 

Large-signal differential 
AVO voltage amplification 

11 Input resistanca 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage 

ksVR rejection ratio 

(AVCC±/AVIO) 

ICC Supply current 

t Full range IS O°C to 70°C. 

TAt 
TLE2144C 

TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VO:2.5 V, 
VIC:2.5V 

RS=50O, 
25°C 

Full range 

25°C 

Full range 

0 
25°C to 

3 
RS=50Cl 

0 
Full range to 

2.9 

25°C 3.9 
IOH = -150 fJ.A 

Full range 3.8 

25°C 3.8 
IOH=-1.5mA 

Full range 3.7 

25°C 3.4 
IOH=-15mA 

Full range 3.4 

25°C 
10L: 150 fJ.A 

Full range 

25°C 
10L= 1.5mA 

Full range 

25°C 
IOL=15mA 

Full range 

VCC= ±2.5V, RL:2 kG, 25°C 50 

VO:1Vto-l.5V Full range 25 

25°C 

25°C 

f: 1 MHz 25°C 

25°C 85 
VIC: VICRmin, RS:50Cl 

Full range 80 

VCC±: ±2.5 V to ±15 V, 
25°C 90 

RS:50Cl Full range 85 

VO: 2.5 V, No load, 25°C 

VIC=2.5V Full range 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • OALI.AS, TEXAS 75265 

TYP 

0.5 

1.7 

8 

-0.8 

-0.3 
to 

3.2 

4.1 

4 

3.7 

75 

150 

1.2 

95 

70 

2.5 

30 

118 

106 

13.2 

TLE2144AC 
MAX MIN TYP MAX 

UNrr 

3.8 0.5 3 
mV 

4.4 3.6 

1.7 fJ.VI"C 

100 8 100 
nA 

150 150 

-2 -0.8 -2 

-2.1 -2.1 
fJ.A 

0 -0.3 
to to 
3 3.2 

V 
0 

to 
2.9 

3.9 4.1 

3.8 

3.8 4 
V 

3.7 

3.4 3.7 

3.4 

125 75 125 

150 150 
mV 

225 150 225 

250 250 

1.6 1.2 1.6 
V 

1.7 1.7 

50 95 
VlmV 

25 

70 MCl 

2.5 pF 

30 Cl 

85 118 
dB 

80 

90 106 
dB 

85 

17.6 13.2 17.6 
mA 

18.5 18.5 

6-303 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS183-FEBRUARY 1997 

TLE2144C operating characteristics, Vee = 5 V, T A = 25°C 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Setllingtime 

Equivalent input 
Vn noise voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

Equivalent input 
In 

noise current / 

THD+N 
Total harmonic distortion plus 
noise 

Bl Unity-gain bandwidth 

Gain-bandwidth product 

BaM 
Maximum output-swing 
bandwidth 

«Pm Phase margin at unity gain 

t RL termmates at 2.5 V 

6-304 

TEST CONDITIONS 

AVD=-l, RL=2knt, 
CL=500pF 

AVD=-l, IToO.l% 

2.5-V step I To 0.01% 

RS=200, 1= 10Hz 

RS=200, 1 = 1 kHz 

1=0.1 Hztol Hz 

1=0.1 Hztol0Hz 

1= 10 Hz 

1= 1 kHz. 

VO= 1 Vto3V, RL=2knt, 
AVD=2, 1= 10kHz 

RL=2 kot, CL= l00pF 

RL=2knt, CL= 100pF, 
1=100kHz 

VO(pp)=2 V, RL=2knt, 
AVD= 1, CL=100pF 

RL=2 knt, CL=100pF 

~TEXAS 
INSTRUMENTS 

TLE2144C 

MIN TYP 

45 

42 

0.16 

0.22 

15 

10.5 

0.48 

0.51 

1.92 

0.5 

0.0052% 

5.9 

5.8 

660 

57~ 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TLE2144AC 
UNIT 

MAX MIN TYP MAX 

45 

42 
V/IlS 

0.16 

0.22 
tJ.S 

15 
nV/VHz 

10.5 

0.48 

0.51 
IlV 

1.92 
pAlVHz 

0.5 

0.0052% 

5.9 MHz 

5.8 MHz 

660 kHz 

57° 



TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2144C electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

a.VIO 
Temperature coefficient 
01 input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum pOSitive peak 
VOM+ output voltage swing 

Maximum negative 

VOM- peak output voltage 
swing 

Large-signal differential 
AVO voltage amplification 

ri Input resistance 

ci Input capecitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage 

ksVR rejection ratio 
(/!NCC± !INIO) 

Short-circuit output 
lOS current 

ICC Supply current 

t Full range is O°C to 70~. 

TAt 
TLE2144C 

TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VIC =0, RS=50Q, 
VO=O 25°C 

Full range 

25°C 

Full range 

-15 
25°C to 

13 
RS=500 

-15 
Full range to 

12.9 

25°C 13.8 
10=-150/lA 

Full range 13.7 

25°C 13.7 
10=-1.5mA 

Full range 13.6 

25°C 13.1 
10=-15mA 

Full range 13 

25°C -14.7 
10 = 150!lA 

Full range -14.6 

25°C -14.5 
10=1.5mA 

Full range -14.4 

25°C -13.4 
10=15mA 

Full range -13.3 

25°C 100 
VO=±10V 

Full range 75 

RL=2kO 25°C 

25°C 

1=1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS=500 

Full range 80 

VCC±=±2.5 Vto±15 V, 25°C 90 

RS=500 

VO=O 

VO=O, 

Full range 85 

I VIO= 1 V -25 

I VIO=-l V 
25°C 

25°C 
No load 

Full range 

~TEXAS 
INSTRUMENTS 

20 

TYP 

0.6 

1.7 

1 

-0.7 

-15.3 
to 

13.2 

-15.3 
to 

13.1 

14.1 

14 

13.7 

-14.9 

-14.8 

-13.8 

170 

65 

2.5 

30 

108 

106 

-50 

31 

13.8 
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TLE2144AC 

MAX MIN TYP MAX UNIT 

2.4 0.5 1.5 
mV 

3.2 2.4 

1.7 /lVre 

100 7 100 
nA 

150 150 

-1.5 -0.7 -1.5 

-1.6 -1.6 
!lA 

-15 -15.3 
to to 
13 13.2 

V 
-15 -15 

to to 
12.9 13.1 

13.8 14.1 

13.7 

13.7 14 
'V 

13.6 

13.1 13.7 

13 

-14.7 -14.9 

-14.6 

-14.5 -14.8 
V 

-14.4 

-13.4 -13.8 

~13.3 

100 170 
V!mV 

75 

65 MO 

2.5 pF 

30 0 

85 108 
dB 

80 

90 106 
dB 

85 

-25 -50 
rnA 

20 31 

18 13.8 18 
mA 

18.8 18.8 
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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW~NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2144C operating characteristics, VCC± = ±15 V, TA = 25°C 

PARAMETER 

SR+ POsitive slew ratE! 

SR- Negative slew rate 

Is Settling time 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent input 
VN(PP) noise voltage 

In Equivalent input noise current 

THO+N 
Total harmonic distortion plus 
noise 

B1 Unity-gain bandwidth 

Gain-bandwidth product 

BOM 
Maximum output-swing 
bandwidth 

.pm Phase margin at unity gain 

6-306 

TEST CONDITIONS 
MIN 

AVO =-1, RL = 2 k.Q, 27 

CL=500 pF 27 

AVO=-l, IToO.l% 

10-Vstep I To 0.01% 

RS=20n. 1 = 10 Hz 

RS=20n, 1=1 kHz 

1 = 0.1 Hz to 1 Hz 

1=0.1 Hz to 10Hz 

1= 10Hz 

1 = 1 kHz 

VO(PP) = 20 V, RL =2 k.Q, 
AVO = 10, 1=10kHz 

RL =2 k.Q, CL=100pF 

RL = 2 k.Q, CL = 100 pF, 
1= 100 kHz 

VO(PP) = 20 V, RL =2 k.Q, 
AVO=l, CL=100pF 

RL = 2 k.Q, CL=100pF 

~TEXAS 
INSTRUMENTS 

TLE2144C 

TYP 

45 

42 

0.34 

0.4 

15 

10.5 

0.48 

0.51 

1.89 

0.47 

0.01% 

6 

5.9 

668 

58° 
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TI,E2144AC 

MAX MIN TIP MAX 
UNIT 

27 45 

27 42 
VIIlS 

0.34 

0.4 
IJ.S 

15 
nVl-IHz 

10.5 

0.48 

0.51 
IlV 

1.89 
pAl-IHz 

0.47 

0.01% 

6 MHz 

5.9 MHz 

668 kHz 

58° 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2141I electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient 
of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

Large-signal differential 
AVD voltage amplification 

ri Input resistance 

ci Input capacitance 

zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
kSVR ratio (I1VCC±/I1VIO) 

ICC Supply current 

t Full range IS -40°C to 105°C. 

TAt TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VO=2.5V, RS=50Q, 
VIC=2.5V 25°C 

Full range 

25°C 

Full range 

0 
25°C to 

3 
RS=50Q 

0 
Full range to 

2.7 

IOH=-1501lA 3.9 

IOH=-1.5mA 25°C 3.8 

IOH=-15mA 3.2 

10H =-100 IlA 3.8 

10H=-t mA Full range 3.7 

IOH=-10mA 3.3 

10L = 150 IlA 
10L = 1.51lA 25°C 

IOL=15mA 

10L = 100 IlA 
IOL=1 rnA Full range 

IOL=10mA 

VCC=±2.5V, RL=2kQ, 25°C 50 

VO=1Vto-1.5V Full range 10 

25°C 

25°C 

f= 1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS = 50 Q 

Full range 80 

VCC± = ±2.5 V to ±15 V, 25°C 90 

RS=50Q Full range 85 

VO=2.5V, No load, 25°C 
VIC = 2.5 V Full range 

~TEXAS 
INSTRUMENTS 

TLE21411 

TYP 

225 

1.7 

8 

-0.8 

-0.3 
to 

3.2 

-0.3 
to 

2.9 

4.1 

4 

3.7 

75 

150 

1.2 

220 

70 

2.5 

30 

118 

106 

3.4 
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TLE2141AI 

MAX MIN TYP MAX 
UNIT 

1400 200 1000 

1900 1500 
!LV 

1.7 !LV/oC 

100 8 100 
nA 

200 200 

-2 -0.8 -2 

-2.2 -2.2 
IlA 

0 -0.3 
to to 
3 3.2 

V 
0 -0.3 

to to 
2.7 2.9 

3.9 4.1 

3.8 4 

3.2 3.7 
V 

3.8 

3.7 

3.3 

125 75 125 
mV 

225 150 225 

1.6 1.2 1.6 V 

175 175 
mV 

225 225 

1.4 1.4 V 

50 220 
V/mV 

10 

70 MQ 

2.5 pF 

30 Q 

85 118 
dB 

80 

90 106 
dB 

85 

4.4 3.4 4.4 
mA 

4.6 4.6 
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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83- FEBRUARY 1997 

TLE2141I operating characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 
MIN 

SR+ Positive slew rate AVO=-1, RL=2knt, 
SR- Negative slew rate CL = 500 pF 

AVO=-1, I To 0.1% 
Is Settlingtirne 

2.5-V step ITo 0.01% 

RS=20o. f = 10 Hz 
Vn Equivalent input noise voltage 

RS=20n, f = 1 kHz 

Peak-to-peak equivalent input f=0.1 Hz to 1 Hz 
VN(PP) noise voltage f= 0.1 Hz to 10 Hz 

In Equivalent input noise current 
f= 10 Hz 

f=1kHz 

THO+N 
Total harmonic distortion plus VO= 1 Vto 3V, RL=2knt, 
noise AVO =2, f=10kHz 

B1 Unity-gain bandwidth RL=2knt, CL = 100 pFt 

Gain-bandwidth product RL=2knt CL= 100pFt, 
1=100 kHz 

BOM 
Maximum output-swing VO(pp)=2V, RL=2knt, 
bandwidth AVO=1, CL= 100pFt 

+rn Phase margin at unity gain RL=2knt, CL = 100 pFt 

t RL and CL terminated to 2.5 V. 

~1ExAs 
INSTRUMENTS 

TLE2141I 

TYP 

45 

42 

0.16 

0.22 

15 

10.5 

0.46 

0.51 

1.92 

0.5 

0.0052% 

5.9 

5.8 

660 

57° 
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TLE2141AI 

MAX MIN TYP 
UNIT 

MAX 

45 

42 
V/JlS 

0.16 

0.22 
JlS 

15 
nVNHz 

10.5 

0.46 

0.51 
j1V 

1.92 
pAl,fHz 

0.5 

0.0052% 

5.9 MHz 

5.8 MHz 

660 kHz 

57° 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOSI83- FEBRUARY 1997 

TLE21411 electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coeffiCient of 
input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVO voltage amplification 

I'j Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode CMRR 
rejection ratio 

Supply-voltage rejection 
ksVR ratio (aVCC±lavIOl 

Short-circuit output 
lOS current 

ICC Supply current 

t Full range IS -40°C to 105°C. 

TAt TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VIC=O, RS=50Q, 
VO=O 25°C 

Full range 

25°C 

Full range 

-15 
25°C to 

13 
RS=50Q 

-15 
Full range to 

12.7 

10=-150~ t3.8 

10=-1.5mA 25°C 13.7 

10=-15mA 13.1 

10=-100~ 13.7 

10=-1 rnA Full range 13.6 

10=-10mA 13.1 

10=150~ -14.7 

10= 1.5 rnA 25°C -14.5 

10=15mA -13.4 

10=100~ -14.6 

10=1 rnA Full range -14.5 

10=10mA -13.4 

25°C 100 
VO=±10V, RL=2 kQ 

Full range 40 

25°C 

25°C 

f= 1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS = 50 Q 

Full range 80 

VCC±=±2.5 Vto±15 V, 25°C 90 
RS=50Q Full range 85 

I VID = 1 V -25 
VO=O I VIO=-1 V 

25°C 
20 

25°C 
VO=O, No load 

Full range 

~TEXAS 
INSTRUMENTS 

TLE2141I 

TYP 

200 

1.7 

7 

-0.7 

-15.3 
to 

13.2 

-15.3 
to 

12.9 

14.1 

14 

13.7 

-14.9 

-14.8 

-13.8 

450 

65 

2.5 

30 

108 

106 

-50 

31 

3.5 
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TLE2141AI 

MAX MIN TYP MAX 
UNIT 

900 175 500 

1500 1000 
~V 

1.7 ~vrc 

100 7 100 
nA 

200 200 

-1.5 -0.7 -1.5 

-1.7 -1.7 
~ 

-15 -15.3 
to to 
13 13.2 

V 
-15 -15.3 

to to 
12.7 12.9 

13.8 14.1 

13.7 14 

13.1 13.7 
V 

13.7 

13.6 

13.1 

-14.7 -14.9 

-14.5 -14.8 

-13.4 -13.8 
V 

-14.6 

-14.5 

-13.4 

100 450 
V/mV 

40 

65 MQ 

2.5 pF 

30 Q 

85 108 
dB 

80 

90 106 
dB 

85 

-25 -50 
rnA 

20 31 

4.5 3.5 4.5 
rnA 

4.7 4.7 

6--309 



TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FE:BRUARY 1997 

TLE2141I operating characteristics, Vcc± = ±15 V, TA = 25°C 
TLE2141I 

PARAMETER 

SR+ Positive slew rate ' 

SR- Negative slew rate 

Is Settling time 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent input 
VN(PP) noise voltage 

In Equivalent input noise current 

THO+N 
Total harmonic distortion plus 
noise 

BI Unity-gain bandwidth 

Gain-bandwidth product 

BaM 
Maximum output-swing 
bandwidth 

<Pm Phase margin at unity gain 

6--310 

TEST CONDITIONS 
MIN 

AVO=-I. RL=2 kn, 
CL= 500 pF 

AVO=-I. /ToO.I% 

10-V step I To 0.01% 

RS=20D. 1= 10 Hz 

RS=20n. 1=1 kHz 

1=0.1 Hz to I Hz 

1=0.1 Hz to 10Hz 

1=IOHz 

1=lkHz 

VO(PP) = 20 V. RL =2 kn, 
AVO = 10. I = 10kHz 

RL=2 kn, CL= 100pF 

RL=2 kn, CL= 100pF. 
f = 100 kHz 

VO(PP) = 20 V. RL=2kn. 
AVO=I. CL=IOOpF 

RL=2kO. CL= loopF 

~TEXAS 
INSTRUMENTS 

27 

27 

POST OFFICE, BOX 655303 • DALLAS. TEXAS 75265 

TYP 

45 

42 

0.34 

0.4 

15 

10.5 

0.48 

0.51 

1.89 

0.47 

0.01% 

6 

5.9 

668 

58° 

TLE2141AI 
UNIT 

MAX MIN TYP MAX 

27 45 

27 42 
V/IlS 

0.34 

0.4 
IlS 

15 
nV/VHz 

10.5 

0.48 

0.51 
ltV 

1.89 
pAlVHz 

0.47 

0.01% 

6 MHz 

5.9 MHz 

668 kHz 

58° 



TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS1B3- FEBRUARY 1997 

TLE21421 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise 
noted) . 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient 
of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

Large-signal differential 
AVO voltage amplification 

ri Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode rejection 
CMRR 

ratio 

Supply-voltage rejection 
ksVR ratio (Ll.VCC± ILl.VIO) 

ICC Supply current 

t Full range IS - 40°C to 105°C. 

TAt TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VO=2.5V, RS=50n, 
VIC=2.5V 25°C 

Full range 

25°C 

Full range 

0 
25°C to 

3 
Rs=50n 

0 
Full range to 

2.7 

10H = -150!lA 3.9 

IOH=-1.5mA 25°C 3.8 

IOH=-15mA 3.4 

10H = l00!lA 3.8 

10H=lmA Full range 3.7 

IOH=10mA 3.5 

101 = 150!lA 

10L= 1.5mA 25°C 

IOL=15mA 

10L = 100!lA 

10L=1 mA Full range 

IOL=10mA 

VIC =±2.5 V, RL=2 kn, 25°C 50 

VO=lVto-l.5V Full range 10 

25°C 

25°C 

f= 1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS=50n 

Full range 80 

VCC±=±2.5 Vto±15 V, 25°C 90 

RS=50n Full range 85 

VO=2.5V, I No load, 25°C 
VIC=2.5V Full range 

~TEXAS 
INSTRUMENTS 

TLE21421 

TYP 

220 

1.7 

8 

-0.8 

-0.3 
to 

3.2 

-0.3 
to 

2.9 

4.1 

4 

3.7 

75 

150 

1.2 

220 

70 

2.5 

30 

118 

106 

6.6 
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TLE2142AI 

MAX MIN TYP MAX 
UNIT 

1900 220 1500 

2400 2000 
/lV 

1.7 /lVrC 

100 8 100 
nA 

200 200 

-2 -0.8 -2 

-2.2 -2.2 
!lA 

0 -0.3 
to to 
3 3.2 

V 
0 -0.3 

to to 
2.7 2.9 

3.9 4.1 

3.8 4 

3.4 3.7 
V 

3.8 

3.7 

3.5 

125 75 125 
mV 

225 150 225 

1.4 1.2 1.4 V 

175 175 
mV 

225 225 

1.2 1.2 V 

50 220 
V/mV 

10 

70 Mn 

2.5 pF 

30 n 

85 118 
dB 

80 

90 106 
dB 

85 

8.8 6.6 8.8 
mA 

9.2 9.2 

6--311 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83 - FEBRUARY 1997 

TLE21421 operating characteristics, Vee = 5 V, T A = 25°C 

PARAMETER 

SR+ Positive slew rate. 

SR- Negative slew rate 

Is Settling time 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input 

noise voltage 

Equivalent input noise 
In current 

THD+N 
Total harmonic distortion 
plus noise 

Bl Unity-gain bandwidth 

Gain-bandwidth product 

BaM 
Maximum output-swing 
bandwidth 

<l>m Phase margin at unity gain 

t RL terminates at 2.5 V. 

TEST CONDITIONS 
MIN. 

AVD=-I, RL=2 knt, 
CL=500pF 

AVD=-I, [To 0.1% 

2.5-Vstep [ToO.Ol% 

RS=20n, 1= 10Hz 

RS=20Q, 1= 1 kHz 

1=0.1 Hz to 1 Hz 

1=0.1 Hz to 10 Hz 

1 = 10 Hz 

f = 1 kHz 

VO=1 Vto3V, RL=2knt, 
AVD=2, 1=10kHz 

RL=2 knt, CL= 100pF 

RL=2knt, CL = 100 pF, 
1=I00kHz 

VO(PP) = 2 V, RL=2knt, 
AVD= 1, CL=100pF 

RL=2 knt, CL= l00pF 

~TEXAS 
INSTRUMENTS 

TLE21421 

TYP 

45 

42 

0.16 

0.22 

15 

10.5 

0.48 

0.51 

1.92 

0.5 

0.0052% 

5.9 

5.8 

660 

57° 
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TLE2142A1 
UNIT 

MAX MIN TYP MAX 

45 

42 
V/IJS 

0.16 

0.22 
IJS 

15 
nV/VHz 

10.5 

0.48 
IIV 

0.51 

1.92 
pAlVHz 

0.5 

0.0052% 

5.9 MHz 

5.8 MHz 

660 kHz 

57° 



TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE21421 electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

PARAMETER 

VIO Input offset voltage 

(lVIO 
Temperature coeffiCient of 
input offset voRage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVO voltage amplification 

~ Input resistance 

ci Input capacHance 

Zo 
Open-loop output imped-
ance 

Common-mode rejection 
CMRR 

ratio 

Supply-voRsge rejection 
kaVR ratio (t.VCC± It.VIO) 

lOS Short-circuit output current 

ICC Supply current 

t Full range IS -40°C to lOS°C. 

TEST CONDITIONS TAt 
MIN 

25°C 

Full range 

Full range 
VIC=O, RS= 50 0, 
VO=O 25°C 

Full range 

25°C 

Full range 

-15 
25°C to 

13 
RS=500 

-15 
Full range to 

12.7 

10 =-150 ItA 13.8 

10 =-1.5 rnA 25°C 13.7 

10=-15mA 13.3 

10 =-100 ItA 13.7 

10=-1 rnA Full range 13.6 

10=-10rnA 13.3 

10 = 150 ItA -14.7 

10=1.5mA 25°C -14.5 

10= 15 rnA -13.4 

10 = 100 ItA -14.6 

10=lmA Full range -14.5 

10= lOrnA -13.4 

25°C 100 
VO=±10V, RL=2 kO 

Full range 40 

25°C 

25°C 

f= 1 MHz 25"C 

VIC = VICRmin 25°C 85 

RS=500 Full range 80 

VCC±=±2.5 Vto±15 V, 25°C 90 
RS=500 Full range 85 

VID = 1 V -25 
VO=O 25°C 

VIO=-l V 20 

25°C 
VO=O, No load 

Full range 

-!I1TEXAS 
INSTRUMENTS 

TLE21421 

TYP 

290 

1.7 

7 

-0.7 

-15.3 
to 

13.2 

-15.3 
to 

12.9 

14.1 

14 

13.7 

-14.9 

-14.8 

-13.8 

450 

65 

2.5 

30 

108 

106 

-50 

31 

6.9 
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TLE21421 

MAX MIN TYP MAX 
UNIT 

1200 275 750 

1800 1400 
!lV 

1.7 !lVrC 

100 7 100 
nA 

200 200 

-1.5 -0.7 -1.5 

-1.7 -1.7 
ItA 

-15 -15.3 
to to 
13 13.2 

V 
-15 -15.3 

to to 
12.7 12.9 

13.8 14.1 

13.7 14 

13.3 13.7 
V 

13.7 

13.6 

13.3 

-14.7 -14.9 

-14.5 -14.8 

-13.4 -13.8 
V 

-14.6 

-14.5 

-13.4 

100 450 
VlmV 

40 

65 MO 

2.5 pF 

30 0 

85 108 
dB 

80 

90 106 
dB 

85 

-25 -50 
rnA 

20 31 

9 6.9 9 
rnA 

9.4 9.4 

6-313 



TLE214x,TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83 - FEBRUARY 1997 

TLE21421 operating characteristics, VCC± = ±15 V, TA = 25°C 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent input 
VN(PP) noise voltage 

In Equivalent input noise current 

THO+N 
Total harmonic distortion plus 
noise 

Bl Unity-gain bandwidth 

Gain-bandwidth product 

BOM 
Maximum output-swing 
bandwidth 

<l>m Phase margin at unity gain 

6-314 

TEST CONDITIONS 
MIN 

AVO=-l, RL=2kO, 
CL = 500 pF 

AVO=-l, IToO.l% 
10-V step I To 0.Q1% 

RS=200, 1= 10 Hz 

RS=200, 1= 1 kHz 

I = 0.1 Hz to 1 Hz 

1=0.1 Hz to 10Hz 

1= 10 Hz 

1= 1 kHz 

VO(PP) = 20 V, RL=2kO, 
AVO = 10, 1= 10kHz 

RL=2 kQ, CL= loopF 

RL=2 kQ, CL = 100 pF, 
I =100 kHz 

VO(PP) = 20 V, RL=2kO, 
AVO = 1, CL= 100 pF 

RL=2 kQ, CL=lOOpF 

-!11 TEXAS 
INSTRUMENTS 

30 

30 

TLE21421 

TYP 

45 

42 

0.34 

0.4 

15 

10.5 

0.48 

0.51 

1.89 

0.47 

0.01% 

6 

5.9 

i668 

58° 
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TLE2142AI 

MAX MIN TYP MAX 
UNIT 

30 45 

30 42 
VIlIS 

0.34 

0.4 
lIS 

15 
nV/'IJ'HZ 

10.5 

0.48 

0.51 
ltV 

1.89 
pAl'IJ'HZ 

0.47 

0.01% 

6 MHz 

5.9 MHz 

668 kHz 

58° 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE21441 electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient 
of input offset voHage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

High-level 
VOH output lioltage 

low-level 
VOL output voltage 

Large-signal differential 
AVD voltage amplification 

I'j Input resistance 

ci Input capacitance 

zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage 

kSVR rejection ratio 
(aVCC±laVIO) 

ICC Supply current 

t Full range IS -40°C to 105°C. 

TEST CONDITIONS TAt 
MIN 

25°C 

Full range 

Full range 
VIC=O, RS=50Q, 
VO=O 25°C 

Full range 

25°C 

Full range 

25°C 

RS=50Q 

Full range 

10H = -150 IJ.A 
IOH=-1.5mA 25°C 

IOH=-15mA 

10H = 100 IJ.A 
IOH=1 mA Full range 

IOH=10mA 

10l = 150 IJ.A 
10l = 1.5 IJ.A 25°C 

IOl=15mA 

10l = 100 IJ.A 
10l= 1 rnA Full range 

10l= 10 mA 

VIC =±2.5 V, Rl=2 kQ, 25°C 

VO= 1 Vto-1.5 V Full range 

25°C 

25°C 

f= 1 MHz 25°C 

25°C 
VIC = VICRmin, RS=50Q 

Full range 

VCC±= ±2.5 Vto ±15 V, 25°C 

RS=50Q 

VO=2.5V, 
VIC=2.5V 

Full range 

No load, 25°C 

Full range 

~TEXAS . 
INSTRUMENTS 

0 
to 
3 

0 
to 

2.7 

3.9 

3.8 

3.4 

3.8 

3.7 

3.5 

50 

10 

85 

80 

90 

85 

TLE21441 

TYP 

0.5 

1.7 

8 

-0.8 

-0.3 
to 

3.2 

-0.3 
to 

2.9 

4.1 

4 

3.7 

75 

150 

1.2 

95 

70 

2.5 

30 

118 

106 

13.2 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75285 

TLE2144AI 

MAX MIN TYP MAX UNIT 

3.8 0.5 3 
mV 

4.8 4 

1.7 Ilvrc 

100 8 100 
nA 

200 200 

-2 -0.8 -2 

-2.2 -2.2 
IJ.A 

0 -0.3 
to to 
3 3.2 

V 
0 -0.3 

to to 
2.7 2.9 

3.9 4.1 

3.8 4 

3.4 3.7 
V 

3.8 

3.7 
'; 

3.5 

125 75 125 
mV 

225 150 225 

1.6 1.2 1.6 V 

175 175 
mV 

225 225 

1.4 1.4 V· 

50 95 
V/mV 

10 

70 MQ 

2.5 pF 

30 Q 

85 118 
dB 

80 

90 106 
dB 

85 

17.6 13.2 17.6 
mA 

18.4 18.4 
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TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83 - FEBRUARY 1997 

TLE21441 operating characteristics, Vee = 5 V, T A = 25°C 

PARAMETER TEST CONDmONS 
MIN 

SR+ Positive slew rate AVO=-1, RL=2knt, 
SR- Negative slew rate CL=5OOpF 

AVO=-1, IToO.1% 
ts Settling time 

2.5-Vstep 1 To 0.01% 

RS=20Q, f = 10 Hz 
Vn Equivalent input noise voltage 

RS=200, f=1kHz 

Peak-to-peak equivalent input f= 0.1 Hz to 1 Hz 
VN(PP) noise voltage f= 0.1 Hz to 10 Hz 

In Equivalent input noise current 
f= 10Hz 

f=10kHz 

THO+N Total harmonic distortion plus VO=1 Vt03V, RL=2 knt, 
noise AVO =2, f= 10 kHz 

B1 Unity-gain bandwidth RL=2knt, CL= 100pF 

Gain-bandwidth product RL=2knt, CL= 1oopF, 
f=100kHz 

BOM 
Maximum output-swing VO(PP)=2 V, RL=2knt, 
bandwidth AVO=1, CL= 100 pF 

cilm Phase margin at unity gain RL=2knt, CL= 100pF 

t RL terminates at 2.5 V 

~1ExAs . 
INSTRUMENTS 

TLE21441 

TYP 

45 

42 

0.16 

0.22 

15 

10.5 

0.48 

0.51 

1.92 

0.5 

0.0052% 

5.9 

5.8 

660 

57° 
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TLE2144AI 

MAX MIN TYP MAX 
UNIT 

45 

42 
V/IJ.S 

0.16 

0.22 
IJ.S 

15 
nVt-JRZ 

10.5 

0.48 

0.51 
I1V 

1.92 
pAt-JRZ 

0.5 

0.0052% 

5.9 MHz 

5.8 MHz 

660 kHz 

57° 



TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW·NOISE HIGH·SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE21441 electrical characteristics at specified free-air temperature, VCC± =±15 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient 
of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative 

VOM- peak output voltage 
swing 

Large-signal differential 
AVO voltage amplification 

rj Input resistance 

ci Input capacitance 

zo 
Open-loop 
output impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage 

kSVR rejection ratio 
(AVCC±/AVIO) 

Short-circuit output 
lOS current 

ICC Supply current 

t Full range IS -40°C to 105°C. 

TAt TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VIC~O, RS ~50 a, 
VO~O 25°C 

Full range 

25°C 

Full range 

-15 
25°C to 

13 
RS~50Q 

-15 
Full range to 

12.7 

10~-150!!A 13.8 

10~-1.5mA 25°C 13.7 

10~-15rnA 13.1 

10~-100!!A 13.7 

10~-1 rnA Full range 13.6 

10 ~-10 rnA 13.1 

10 ~ 150 !!A -14.7 

10~1.5mA 25°C -14.5 

10~15mA -13.4 

10 ~ 100 !!A -14.6 

10~1 rnA Full range -14.5 

10=10mA -13.4 

25°C 100 
VO=±10V, RL=2kQ 

Full range 40 

25°C 

25°C 

f= 1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS=50Q 

Full range 80 

VCC±=±2.5 Vto±15 V, 25°C 90 

RS=50Q Full range 85 

VIO=1 V -25 
VO=O 25°C 

VIO=-1 V 20 

25°C 
VO=O, No load 

Full range 

~TEXAS 
INSTRUMENTS 

TLE21441 

TYP 

0.6 

1.7 

7 

-0.7 

-15.3 
to 

13.2 

-15.3 
to 

12.9 

14.1 

14 

13.7 

-14.9 

-14.8 

-13.8 

170 

65 

2.5 

30 

108 

106 

-50 

31 

13.8 

POST OFFICE BOX 655303 • OALLAS. TEXAS 75265 

TLE2144AI 

MAX MIN TYP MAX 
UNIT 

2.4 0.5 1.5 
mV 

3.2 2.8 

1.7 fJ.V/oC 

100 7 100 
nA 

200 200 

-1.5 -0.7 -1.5 

-1.7 -1.7 
!!A 

-15 -15.3 
to to 
13 13.2 

V 
-15 -15.3 

to to 
12.7 12.9 

13.8 14.1 

13.7 14 --

13.1 13~7 
V 

13.7 

13.6 

13.1 

-14.7 -14.9 

-14.5 -14.8 

-13.4 -13.8 
V 

-14.6 

-14.5 

-13.4 

100 170 
V/mV 

40 

65 MQ 

2.5 pF 

30 Q 

85 108 
dB 

80 

90 106 
dB 

85 

-25 -50 
rnA 

20 31 

18 13.8 18 
rnA 

18.8 18.8 

6-317 



TLE214x,TLE214xA,TLE214xY 
,EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSI83-.FEBRUARY 1997 

TLE21441 operating characteristics, VCC± = ±15 V, TA = 25°C 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

Is Settling time 

Equivalent Input 
Vn 

noise voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

Equivalent input 
In 

noise current 

THO+N 
Total ham10nic distortion plus 
noise 

Bl Unity-gain bandwidth 

Gain-bandwidth product 

BaM 
Maximum output-swing 
bandwidth 

~m Phase margin at unity gain 

6--318 

TEST CONDITIONS 
MIN 

AVO=-I, RL=2kO, 
CL= 500 pF 

AVO=-I, lToO.l% 

la-V step 1 To 0.01% 

RS=2Oa, 1= 10Hz 

RS=20Q, 1=1 kHz 

1=0.1 Hzto1 Hz 

f=O.1 Hztol0Hz 

f = 10 Hz 

f=lkHz 

VO(PP) = 20 V, RL=2kO, 
AVO = 10, f=10kHz 

RL=2kO, CL=I00pF 

RL=2kO, CL= l00pF, 
f=100kHz 

VO(PP) = 20 V, RL=2kO, 
AVO = I, CL=100pF 

RL=2 kO, CL= l00pF 

~TEXAS 
INSTRUMENTS 

27 

27 

TLE21441 
TYP 

45 

42 

0.34 

0.4 

15 

10.5 

0.48 

0.51 

1.89 

0.47 

0.010/0 

6 

5.9 

6S8 

58° 
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TLE2144A1 
MAX MIN TYP MAX 

UNIT 

27 45 

27 42 
V/JJB 

0.34 

0.4 
JJB 

15 
nV/-IHz 

10.5 

0.48 

0.51 
I1V 

1.89 
pANHz 

0.47 

0.01% 

6 MHz 

5.9 MHz 

668 kHz 

58° 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2141 M electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO InpUt offset voltage 

(lVIO 
Temperature coefficient 
of input offset voHage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

High-level output 
VOH voltage 

Low-level output 
VOL voltage 

Large-signal differential 
AVD voltage amplification 

ri Input resistance 

ci Input capacitance 

Zo 
Open-loop 
output impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio (aVcc±laVIO) 

ICC Supply current 

t Full range IS -55°C to 125°C. 

TAt 
TLE2141M 

TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VO=2.5V RS=50Q, 
VIC=2.5V 25°C 

Full range 

25°C 

Full range 

0 
25°C to 

3 
RS = 500 

0 
Full range to 

2.7 

IOH=-1501lA 3.9 

10H =-1.5 rnA 25°C 3.8 

IOH=-15mA 3.2 

IOH = -loollA 3.75 

IOH=-l rnA Full range 3.65 

IOH=-10mA 3.25 

10L = 150 IlA 
10L = 1.51lA 25°C 

10L= 15 rnA 

10L = 100 IlA 
10L=1 rnA Full range 

IOL=10mA 

VIC =±2.5 V, RL=2kO, 25°C 50 

VO=l Vto-l.5V Full range 5 

25°C 

25°C 

f= 1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS=500 

Full range 80 

VCC± = ±2.5 V to ±15 V, 25°C 90 

RS=500 Full range 85 

VO=2.5V, No load, 25°C 
VIC=2.5V Full range 

~TEXAS 
INSTRUMENTS 

POST OFFICE eox 655303 • DALlAS. TEXAS 75265 

TYP 

225 

1.7 

8 

-0.8 

-0.3 
to 

3.2 

-0.3 
to 

2.9 

4.1 

4 

3.7 

75 

150 

1.2 

220 

70 

2.5 

30 

118 

lOS 

3.4 

TLE2141AM 

MAX MIN TYP MAX 
UNIT 

1400 200 1000 

2100 1700 
I1V 

1.7 I1vrc 

100 8 100 
nA 

250 250 

-2 -0.8 -2 

-2.3 -2.3 
IlA 

0 -0.3 
to to 
3 3.2 

V 
0 -0.3 

to to 
2.7 2.9 

3.9 4.1 

3.8 4 

3.2 3.7 
V 

3.75 

3.65 

3.25 

125 75 125 
mV 

225 150 225 

1.4 1.2 1.4 V 

200 200 
mV 

250 225 

1.25 1.25 V 

50 220 
VlmV 

5 

70 MO 

2.5 pF 

30 0 

85 118 
dB 

80 

90 106 
dB 

85 

4.4 3.4 4.4 
rnA 

4.S 4.S 
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TLE214x, TLE214xA,' TLE214xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISrONOPERATIONAL AMPLIFIERS 
SLOS183-FEBRUARY 1997 

TLE2141M operating characteristics, Vee =5 V, TA = 25°C 

P~RAMETER 

SR+ Pos~ive slew rate 

SR- Negative slew rate 

Is Settling time 

Vn Equivalent input noise voltage 

VN(PP) 
Peak-ta-peak equivalent input 
noise voltage 

In Equivalent input noise current 

THO+N 
Total harmonic distortion 
plus noise 

Bl Unity-gain bandwidth 

Gain-bandwidth product 

BaM 
Maximum output-swing 
bandwidth 

Cilm Phase margin at unity gain 

t Rl and Cl terminated to 2.5 V. 

TEST CONDITIONS MItII 

AVO=-l, RL=2knt, 
CL=500pF 

AVO=-l, IToO.l0/0 . 
2.5-Vstep ITO 0.01% 

RS=20n. 1 = 10 Hz 

RS=20n, 1 = 1 kHz 

1=0.1 Hz to 1 Hz 

1=0.1 Hztol0Hz 

1= 10Hz 

f=lkHz 

VO=lVt03V, Rl=2knt, 
AVO=2; f=10kHz 

Rl=2knt, Cl = 100 pFt 

Rl=2knt, Cl= 100pFt, 
1= 100 kHz 

VO(pp)=2V, RL=2knt, 
AVO=l 

Rl=2knt, Cl = 100 pFt 

~lEXAS . 
INSTRUMENTS 

TLe2' .• '1't11 
TYP .. MAX 

45 

42 

0.16 

0.22 

15 

10.5 

0.48 

0.51 

1.92 

0.5 

0.0052% 

5.9 

5.8 

660 

57° 
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TLe2141AM 
UNIT 

MIN TYP MAX 

45 

42 
V/JJS 

0.16 

0.22 
JJS 

15 
nV/VHz 

10.5 

0.48 

0.51 
!LV 

1.92 
pAIVHz 

0.5 

0.0052% 

5.9 MHz 

5.8 MHz 

660 kHz 

57" 



TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2141M electrical characteristics at specified free-air temperature, VCC± = ±15 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient 
of input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voijage swing 

Large-signal differential 
AVO voltage amplification 

rj Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejection 
ksVR ratio (AVCC± IAVIO) 

Short-circuit output 
lOS current 

ICC Supply current 

t Full range IS -55°C to 125°C. 

TAt 
TlE2141M 

TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 

VIC=O, RS=50Q 
25°C 

Full range 

25°C 

Full range 

-15 
25°C to 

13 
RS=50Q 

-15 
Full range to 

12.7 

10=-150!LA 13.8 

10 =-1.5 mA 25°C 13.7 

10=-15mA 13.1 

10=-100!LA 13.7 

10=-1 rnA Full range 13.6 

10=-10mA 13.1 

10 = 150 !LA -14.7 

10=1.5mA 25°C -14.5 

10=15rnA -13.4 

10 = 100 !LA -14.6 

10=1 mA Full range -14.5 

10=10mA -13.4 

25°C 100 
VO=±10V, RL=2 kg 

Full range 20 

.25°C 

25°C 

f= 1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS=50Q 

Full range 80 

VCC± = ±2.5 V to ±15 V, 25°C 90 

RS=50Q Full range 85 

LVlo= 1 V -25 
VO= 0 25°C 

IVIO=-lV 20 

VO= 0, No load, 25°C 
VIC=2.5V Full range 

~TEXAS 
INSTRUMENTS 

TYP 

200 

1.7 

7 

-0.7 

-15.3 
to 

13.2 

-15.3 
to 

12.9 

14.1 

14· 

13.7 

-14.9 

-14.8 

-13.8 

450 

65 

2.5 

30 

108 

106 

-50 

31 

3.5 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

TLE2141AM 

MAX MIN TYP MAX 
UNIT 

900 175 500 

1700 1200 
!LV 

1.7 !LVrC 

100 7 100 
nA 

250 250 

-1.5 -0.7 -1.5 

-1.8 -1.8 
!LA 

-15 -15.3 
to to 
13 13.2 

V 
-15 -15.3 

to to 
12.7 12.9 

13.8 14,1 

13.7 14 

13.1 13.7 
V 

13.7 

13.6 

13.1 

-14.7 -14.9 

-14.5 -14.8 

-13.4 -13.8 
V 

-14.6 

-14.5 

-13.4 

100 450 
V/mV 

20 

65 MQ 

2.5 pF 

30 Q 

85 108 
dB 

80 

90 106 
dB 

85 

-25 -50 
mA 

20 31 

4.5 3.5 4.5 
mA 

4.7 4.7 
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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2141M operating characteristics, VCC+ = ±15 V, TA = 25°C -
TLE2141M 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent input 
VN(PP) noise voltage 

In Equivalent input noise current 

THD+N 
Total harmonic distortion plus 
noise 

Bl Unity-gain bandwidth 

Gain-bandwidth produci 

BOM 
Maximum output-swing 
bandwidth 

tilm Phase margin at unity gain 

6-322 

TEST CONDITIONS 

AVD=-I, RL=2 kQ, 
CL= 100 pF 

AVD= -I, IToO.1% 
10-V step I To 0.01% 

RS=20n, 1= 10Hz 

RS=20n, 1= 1 kHz 

1=0.1 Hz to 1 Hz 

1=0.1 Hztol0Hz 

1= 10 Hz 

1= 1 kHz 

VO(PP) = 20 V,. RL=2kO, 
AVD= 10, 1=10kHz 

RL=2kQ, CL=100pF 

RL=2 kQ, CL= l00pF, 
1= 100 kHz 

VO(PP) = 20 V, RL=2 kQ, 
AVD= 1, CL=100pF 

RL=2 kQ, CL=100pF 

~TEXAS 
INSTRUMENTS 

MIN 

27 

27 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TYP 

45 

42 

0.34 

0.4 

15 

10.5 

0.48 

0.51 

1.89 

0.47 

0.01% 

6 

5.9 

668 

58° 

TLE2141AM 
UNIT 

MAX MIN TYP MAX 

27 45 

27 42 
V/jJ.S 

0.34 

0.4 
~s 

15 
nV/...JHz 

10.5 

0.48 

0.51 
~V 

1.89 
pANHz 

0.47 

0.01% 

6 MHz 

5.9 MHz 

668 kHz 

58° 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2142M electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient 
01 input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

High-level output 
VOH voltage 

Low-level output 
VOL voltage 

Large-signal differential 
AVD voltage amplification 

q Input resistance 

ci Input capacitance 

zo 
Open-loop output 
Impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage rejec-
kSVR tionratio(Ll.VCC±/Ll.VIO) 

ICC Supply current 

t Full range IS - 55°C to 125°C. 

TAt 
TLE2142M 

TEST CONDITIONS 
MIN 

25°C 

Full range 

Full range 
VO=2.5V, RS=50Q. 
VIC =2.5 V 25°C 

Full range 

25°C 

Full range 

0 
25°C to 

3 
Rs=50n 

0 
Full range to 

2.7 

IOH=-150J!A 3.9 

10H =-1.5 mA 25°C 3.8 

IOH=-15mA 3.4 

10H = 100 J!A 3.75 

10H=1 mA Full range 3.65 

10H= 10mA 3.45 

10L = 150 J!A 

10L= 1.5mA 25°C 

IOL=15mA 

10L = 100 J!A 

10L=1 mA Full range 

IOL=10mA 

VIC=±2.5V, RL=2 kn, 25°C 50 

VO=IVto-l.5V Full range 5 

25°C 

25°C 

1= 1 MHz 25°C 

25°C 85 
VIC = VICRmin, RS=50n 

Full range 80 

VCC±=±2.5 Vto±15 V, 25°C 90 

RS=50n Full range 85 

Vo =2.5 V, No load, 25°C 

VIC =2.5 V Full range 

~TEXAS 
INSTRUMENTS 

POST OFFICE sOx 655303 • DALLAS, TEXAS 75265 

TYP 
220 

1.7 

8 

-0.8 

-0.3 
to 

3.2 

-0.3 
to 

2.9 

4.1 

4 

3.7 

75 

150 

1.2 

220 

70 

2.5 

30 

118 

106 

6.6 

TLE2142AM 

MAX MIN TYP MAX 
UNIT 

1900 200 1500 

2600 2200 
!lV 

1.7 !lV/oC 

100 8 100 
nA 

200 200 

-2 -0.8 -2 

-2.3 -2.3 
J!A 

0 -0.3 
to to 
3 3.2 

V 
0 -0.3 

to to 
2.7 2.9 

3.9 4.1 

3.8 4 

3.4 3.7 
V 

3.75 

3.65 

3.45 

125 75 125 
mV 

225 150 225 

1.4 1.2 1.4 V 

200 200 
mV 

250 250 

1.25 1.25 V 

50 220 
VlmV 

5 

70 MO 

2.5 pF 

30 0 

85 118 
dB 

80 

90 106 
dB 

85 

8.8 6.6 8.8 
mA 

9.2 9.2 

6-323 



TLE214x, rLE214xA, TLE214xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83 - FEBRUARY 1997 

TLE2142M operating characteristics, Vee = 5 V, TA = 25°C 
TLE2142M 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

ts Settling time 

Equivalent input noise volt-
Vn age 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

Equivalent input noise cur-
In rent 

THO+N Total harmonic distortion 
plusrioise 

B1 Unity-gain bandwidth 

Gain-bandwidth product 

BaM 
Maximum output-swing 
bandwidth 

'ilm Phase margin 

t RL terminates at 2.5 V. 

6-324 

TEST CONomONS 
MIN 

AVO =':"1, RL=2knt, 
CL=500pF 

AVO=-1, IToo.1% 
2.5-Vstep 1 To 0.01% 

RS=20O, 1= 10 Hz 

RS=20n, 1=1 kHz 

1=0.1 Hz to 1 Hz 

1=0.1 Hz to 10Hz 

1= 10 Hz . 

1=1 kHz 

VO= 1 Vto3V, RL=2knt, 
AVO=2, 1=10kHz 

RL= 2 knt, CL=100pF 

RL=2knt, CL=1OOpF 
1=1OOkHz 

VO(PP)= 2 V, RL=2knt, 
AVO=1, CL=1OOpF 

RL=2knt, CL=100pF 

~TEXAS 
INSTRUMENTS 

TYP 

45 

42 

0.16 

0.22 

15 

10.5 

0.48 

0.51 

1.92 

0.5 

0.0052% 

5.9 

5.8 

660 

57° 

POST OFRCE sox 655303 • OALlAS. TEXAS 75265 

TLE2142AM 
MAX MIN TYP MAX 

UNIT 

45 

42 
V/IJS 

0.16 

0.22 
IJS 

15 

10.5 
nVNHz 

0.48 

0.51 
ltV 

1.92 
pA/v'Hz 

0.5 

0.0052% 

5.9 MHz 

5.8 MHz 

660 kHz 

57° 



TLE214x,TLE214xA,TLE214xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2142M electrical characteristics at specified free-air temperature,. VCC± = ±15 V (unless 
otherwise noted) 

PARAMETER 

VIO Input offset voltage 

aVIO 
Temperature coefficient of 
input offset voltage 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

Maximum positive peak 
VOM+ output voltage swing 

Maximum negative peak 
VOM- output voltage swing 

Large-signal differential 
AVO voltage amplification 

ri Input resistance 

ci Input capacitance 

Zo 
Open-loop output 
impedance 

Common-mode rejection 
CMRR 

ratio 

Supply-voltage rejection 
ksVR ratio (aVCC ± /aVIO) 

lOS Short-circuit output current 

ICC Supply current 

t Full range Is -55°C to 125°C. 

TEST CONDITIONS TAt 
TLE2142M 

MIN 

25°C 

Full range 

Full range 

VIC=O, RS=50n 
25°C 

Full range 

25°C 

Full range 

-15 
25°C to 

13 
Rs=50n 

-15 
Full range to 

12.7 

10 =-150!LA 13.8 

10=-1.5mA 25°C 13.7 

10=-15mA 13.3 

10 =-100 !LA 13.7 

10=-1 mA Full range 13.6 

10=-10mA 13.3 

10 = 150 !LA -14.7 

10=1.5mA 25°C -14.5 

10= 15mA -13.4 

10= 100 !LA -14.6 

10=1 mA Full range -14.5 

10= 10mA -13.4 

25°C 100 
VO=±10V, RL=2 k1l 

Full range 20 

25°C 

25°C 

1=1 MHz 25°C 

VIC = VICRmin, 25°C 85 
RS=50n Full range 80 

VCC± =±2.5 Vto±15 V, 25°C 90 

RS=50n Full range 85 

I VIO= 1 V -25 
VO=O 

IVIO=-l V 
25°C 

20 

VO=O, No load, 25°C 

VIC=2.5V Full range 

~TEXAS 
INSTRUMENTS 

TYP 

290 

1.7 

7 

-0.7 

-15.3 
to 

13.2 

-15.3 
to 

12.9 

14.1 

14 

13.7 

-14.9 

-14.8 

-13.8 

450 

65 

2.5 

30 

108 

106 

-50 

31 

6.9 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TLE2142AM 

MAX MIN TYP MAX 
UNIT 

1200 275 750 

2000 1600 
ltV 

1.7 ItV/oC 

100 7 100 
nA 

250 250 

-1.5 -0.7 -1.5 

-1.8 -1.8 
!LA 

-15 -15.3 
to to 
13 13.2 

V 
-15 -15.3 

to to 
12.7 12.9 

13.8 14.1 

13.7 14 

13.3 13.7 
V 

13.7 

13.6 

13.3 

-14.7 -14.9 

-14.5 -14.8 

-13.4 -13.8 
V 

-14.6 

-14.5 

-13.4 

100 450 
V/mV 

20 

65 Mn 

2.5 pF 

30 n 

85 108 
dB 

80 

90 106 
dB 

85 

-25 -50 
mA 

20 31 

9 6.9 9 
mA 

9.4 9.4 

6-325 



TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS1B3- FEBRUARY 1997 

TLE2142M operating characteristics, Vcc± = ±15 V, TA = 25°C 

TLE2142M 
PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

Is Settling time 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent input 
VN(PP) noise voltage 

In Equivalent input noise current 

THO+N 
Total harmonic distortion plus 
noise 

81 Unity-gain bandwidth 

Gain-bandwidth product 

80M 
Maximum output-swing band-
width 

ejlm Phase margin at unity gain 

6-326 

TEST CONDITIONS 
MIN 

RL=2kO, AVO=-l, 
CL=l00pF 

AVO=-l, I To 0.1% 

la-V step jToO.Ol% 

RS=20n. 1=10Hz 

RS=20n, l=lkHz 

1=0.1 Hz to 1 Hz 

1= 0.1 Hz to 10 Hz 

1= 10 Hz 

1=1 kHz 

VO(PP) = 20 V, RL=2kn, 
AVO = 10, 1=10kHz 

RL=2kO, CL= l00pF 

RL=2 kO, CL=l00pF, 
1= 100kHz 

VO(PP) = 20 V, RL=2 kO, 
AVO = 1, CL= l00pF 

RL=2 kO, CL=l00pF 

:ilTEXAS 
INSTRUMENTS 

27 

27 

TYP 

45 

42 

0.34 

0.4 

15 

10.5 

0.48 

0.51 

1.89 

0.47 

0.01% 

6 

5.9 

666 

58° 
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TLE2142AM 
UNIT 

MAX MIN TYP MAX 

27 45 

27 42 
V/iJS 

0.34 

0.4 
iJS 

15 

10.5 
nVNHz 

0.48 

0.51 
I1V 

1.89 
pA/-.JHz 

0.47 

0.01% 

6 MHz 

5.9 MHz 

668 kHz 

58° 



TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW·NOISE HIGH·SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2144M electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS TAt 
TLE2144M 

MIN TYP 

TLE2144AM 

MAX MIN TYP MAX 
UNIT 

25°C 0.5 3.8 0.5 3 
VIO Input offset voltage mV 

Full range 5.2 4.4 

avlO 
Temperature coefficient 

Full range 1.7 1.7 !lV/oC 
01 input offset voltage VO=2.5V, RS=50n. 

VIC=2.5V 25°C 8 100 8 100 
110 Input offset current nA 

Full range 250 250 

25°C -0.8 -2 -0.8 -2 
liB Input bias current 

Full range -2.3 -2.3 
IJ.A 

0 -0.3 0 -0.3 
25°C to to to to 

Common-mode input 3 3.2 3 3.2 
VICR Rs=50n V 

voltage range 0 -0.3 0 -0.3 
Full range to to to to 

2.7 2.9 2.7 2.9 

10H = -150 IJ.A 3.9 4.1 3.9 4.1 

IOH=-1.5mA 25°C 3.8 4 3.8 4 

High-level output IOH=-15mA 3.4 3.7 3.4 3.7 
VOH V 

voltage 10H = 100 IJ.A 3.75 3.75 

10H=1 mA Full range 3.65 3.65 

10H= 10mA 3.45 3.45 

10l = 150 IJ.A 75 125 75 125 
mV 

10l = 1.51J.A 25°C 150 225 150 225 

low-level output IOl=15mA 1.2 1.6 1.2 1.6 V 
VOL voltage 10l = 100 IJ.A 200 200 

mV 
10l=1 mA Full range 250 250 

10l= 10 mA 1.45 1.45 V 

large-signal differential VIC=±2.5V, Rl=2 kn, 25°C 50 95 50 95 
AVD V/mV 

voltage amplification VO=l Vto-l.5V Full range 5 5 

I"j Input resistance 25°C 70 70 Mn 

ci Input capacitance 25°C 2.5 2.5 pF 

Zo 
Open-loop output 

1=1 MHz 25°C 30 30 n 
impedance 

Common-mode 25°C 85 118 85 118 
CMRR 

rejection ratio VIC = VICRmin, RS=50n dB 
Full range 80 80 

Supply-voltage 
VCC±= ±2.5 V to±15 V, 25°C 90 106 90 106 

ksVR rejection ratio dB 
(aVCC± /aVIO) 

RS=50n Full range 85 85 

VO=2.5V, No load, 25°C 13.2 17.6 13.2 17.6 
ICC Supply current mA 

VIC=2.5V Full range 18.4 18.4 

t Full range IS -55°C to 125°C. 

~lExAs 
INSTRUMENTS 
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TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2144M operating characteristics, Vee = 5 V, TA = 25°C 

TLE2144M 
PARAMETER TEST CONomONS 

MIN TYP 

SR+ Positive slew rate AVo=-l, RL=2knt, 45 

SR- Negative slew rate CL=500pF 42 

AVO=-l, IToO.l% 0.16 
Is Settling time 

2.5-Vstep I To 0.01% 0.22 

RS=20o. 1= 10 Hz 15 
Vn Equivalent input noise voltage 

RS=20Q, 1= 1 kHz 10.5 

Peak-to-peak equivalent input 1=0.1 Hz to 1 Hz 0.48 
VN(PP) noise voltage 1=0.1 Hz to 10 Hz 0.51 

In Equivalent input noise current 
1=10Hz 1.92 

l=lkHz 0.5 

THO+N 
Total harmonic distortion plus VO= 1 Vto3V, RL=2 knt, 0.0052% 
noise AVO =2, 1= 10kHz 

61 Unity-gain bandwidth RL=2knt, CL= 100 pF 5.9 

G~in-bandwidth product RL=2knt, CL = 100 pF, 5.8 
1=100kHz 

BoM 
Maximum output-swing VO(PP)=2 V, RL=2 knt, 660 
bandwidth AVO=l 

'ilm Phase margin RL=2 knt, CL= lOOpF 57° 

t RL terminates at 2.5 V 

~1ExAs 
INSTRUMENTS 
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TLE2144AM 
MAX MIN TYP MAX 

UNIT 

45 

42 
V/JJ1l 

0.16 

0.22 
JJ1l 

15 
nVlVHz 

10.5 

0.48 

0.51 
!IV 

1.92 
pAlVHz 

0.5 

0.0052% 

5.9 MHz 

5.8 MHz 

660 kHz 

57° 



TLE214x,TLE214xA,TLE214xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2144M electrical characteristics at specified free-air temperature, VCC+ = ±15 V (unless 
otherwise noted) -

TAt 
TLE2144M TLE2144AM 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 

UNIT 

25°C 0.6 2.4 0.5 1.5 
VIO Input offset voltage mV 

Full range 4 3.2 

aVIO 
Temperature coefficient 

Full range 1.7 1.7 fJ.V/"C 
01 input offset voltage 

VIC =0. RS=500 
25°C 7 100 7 100 

110 Input offset current nA 
Full range 250 250 

25°C -0.7 -1.5 -0.7 -1.5 
liB Input bias current 

Full range -1.8 -1.8 
JJA 

-15 -15.3 -15 -15.3 
25°C to to to to 

Common-mode input 13 13.2 13 13.2 
VICR RS=500 V 

voltage range -15 -15.3 -15 -15.3 
Full range to to to to 

12.7 12.9 12.7 12.9 

10 =-150 JJA 13.8 14.1 13.8 14.1 

10=-1.5mA 25°C 13.7 14 13.7 14 

Maximum positive peak 10=-15mA 13.1 13.7 13.1 13.7 
VOM+ V 

output voltage swing 10=-100JJA 13.7 13.7 

10=-1 rnA Full range 13.6 13.6 

10=-10mA 13.1 13.1 

10 = 150 JJA -14.7 -14.9 -14.7 -14.9 
V 

10= 1.5mA 25°C -14.5 -14.8 -14.5 -14.8 
Maximum negative 10=15mA -13.4 -13.8 -13.4 -13.8 

VOM- peak output voltage 
10 = 100 JJA -14.6 -14.6 swing 
10=1 mA Full range -14.5 -14.5 

IO=10mA -13.4 -13.4 

Large-signal differential 25°C 100 170 100 170 
AVO voltage amplification 

VO=±10V. RL=2kn V/mV 
Full range 20 20 

rr Input rasistance 25°C 65 65 Mn 

ci Input capacitance 25°C 2.5 2.5 pF 

Zo 
Open-loop output 

1= 1 MHz 25°C 30 30 n 
impedance 

Common-mode 25°C 85 108 85 108 
CMRR 

rejection ratio VIC = VICRmin, RS=50n dB 
Full range 80 80 

Supply-voltage 
VCC±=±2.5 Vto±15 V, 25°C 90 106 90 106 

kaVR rejection ratio dB 
(AVCC±/AVIO) RS=500 Full range 85 85 

Short-circuit output IVIO=l V -25 -50 -25 -50 
lOS VO=O 25°C mA 

current IVIO=-l V 20 31 20 31 

VO=O, No load, 25°C 13.8 18 13.8 18 
ICC Supply current rnA 

VIC=2.5V Full range 18.8 18.8 

t Full range IS -55°C to 125°C 

~lEXAS 
INSTRUMENTS 
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TLE214x,TLE214xA,TLE214xY' 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83- FEBRUARY 1997 

TLE2144M operating characteristics, VCC± = ±15 V, TA = 25°C 

TLE2144M 
PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

Is Settling time 

Vn Equivalent input noise voltage 

Peak-to-peak,equivalent input 
VN(PP) noise voltage 

In Equivalent input noise current 

THO+N 
Total harmonic distortion plus 
noise 

Bl Unity-gain bandwidth 

Gain-bandwidth product 

BOM 
Maximum output-swing 
bandwidth 

cjlm Phase margin at unity gain 

6-330 

TEST CONDITIONS 
MIN 

RL=2 kn, AVO =-1, 27 

CL=l00pF 27 

AVO=-l, lToO.l% 

la-V step I To 0.01% 

RS=20n, 1= 10 Hz 

RS=20n, 1=1 kHz 

1=0.1 Hz to 1 Hz 

1=0.1 Hztol0Hz 

1= 10Hz 

1= 10kHz 

VO(PP) = 20 V, RL=2kn, 
AVO = 10, 1=10kHz 

RL=2kn, CL=100pF 

RL=2 kn, CL= 100 pF, 
1= 100kHz 

VO(PP) = 20 V, RL=2 kn, 
AVO=l, CL=l00pF 

RL=2kn, CL=100pF 

~TEXAS 
INSTRUMENTS 
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TYP 

45 

42 

0.34 

.4 

15 

10.5 

0.48 

0.51 

1.89 

0.47 

0.01% 

8 

5.9 

688 

56° 

TLE2144AM 
MAX MIN TYP MAX 

UNIT 

27 45 

27 42 
VlIlS 

0.34 

.4 
IlS 

15 
nVl..JHi 

10.5 

0.48 

0.51 
ILV 

1.89 
pAl..JHi 

0.47 

0.01% 

6 MHz 

5.9 MHz 

688 kHz 

58° 



TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TLE2141Y electrical characteristics at specified free-air temperature, VCC± = ±15 V, TA = 25°C 
(unless otherwise noted) 

TLE2141Y 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

VIO Input offset voltage 200 1000 JLV 

110 Input offset current VIC=O, RS=500, 7 100 nA 
VO=O 

liB Input bias current -0.7 -1.5 JLA 

-15 -15.3 
VICR Common-mode input voltage range RS=500 to to V 

13 13.2 

10=-lSOJLA 13.8 14.1 

VOM+ Maximum positive peak output voltage swing 10=-1.5mA 13.7 14 V 

10=-15rnA 13.3 13.7 

10 = 150 JLA -14.7 -14.9 

VOM- Maximum negative peak output voltage swing 10= 1.5 rnA -14.5 -14.8 V 

10=15mA -13.4 -13.8 

AVO . Large-signal differential voltage amplification VO=±10V, RL = 2 kf.l 100 450 VlmV 

I] Input resistance 65 MO 

ci Input capacitance 2.5 pF 

Zo Open-loop output impedance f= 1 MHz 30 0 

CMRR Common-mode rejection ratio VIC = VICRmin, RS=500 80 108 dB 

kSVR Supply-voltage rejection ratio (aVCC±I.:WIO) 
VCC± = ±2.5 V to ±15 V, 85 106 dB 
RS=SOO 

IVlo= 1 V -25 -SO 
lOS Short-circuit output current VO=O 

IVIO=-lV 
mA 

20 31 

ICC Supply current VO=O, No load 3.5 4.5 rnA 

~1ExAs 
INSTRUMENTS 
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TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS1B3-FEBRUARY 1997 

TLE2142Y electrical characteristics at specified free-air temperature, VCC± = ±15 V, TA = 25°C 

VIO 

110 

liB 

VICR 

VOM+ 

VOM-

AVO 

q 

ci 

Zo 

CMRR 

ksVR 

lOS 

ICC 

PARAMETER TEST CONDITIONS 

Input offset voltage 

Input offset current VIC=O, RS=50n. 
VO=O 

Input bias current 

Common-mode input voltage range RS=500 

10 =-150 IIA 
Maximum positive peak output voltage swing 10=-1.5mA 

10=-15mA 

10 = 150 IIA 
Maximum negative peak output voltage swing 10= 1.5mA 

10= 15mA 

Large-signal differential voltage amplification VO=±10V, RL=2kO 

Input resistance 

Input capacitance 

Open-loop output impedance f= 1 MHz 

Common-mode rejection ratio VIC = VICRmin, RS=500 

Supply-voltage rejection ratio (Ll.VCC±I.!l.VIO) VCC± = ±2.5 V to ±15 V, 
As = 500 

IVlo= 1 V 
Short-circuit output current VO=O 

IVIO=-l V 

Supply current VO=O, No load 

:II TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303. DALLAS, TEXAS 75265 

TLE2142Y 

MIN TYP MAX 
UNIT 

150 875 !IV 

7 100 nA 

-0.7 -1.5 IIA 
-15 -15.3 

to to V 
13 13.2 

13.8 14.1 

13.7 14 V 

13.3 13.7 

-14.7 -14.9 

-14.5 -14.8 V 

-13.4 ':"13.8 

100 450 ,V/mV 

65 MO 

2.5 pF 

30 0 

80 108 dB 

85 106 dB 

-25 -50 
mA 

20 31 

6.9 9 mA 



TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TLE2144Y electrical characteristics at Vcc± = ±15 V, TA = 25°C (unless otherwise noted) 

VIO 

110 

liB 

VICR 

VOM+ 

VOM-

AVO 

rj 

ci 

Zo 

CMRR 

ksVR 

lOS 

ICC 

PARAMETER 

Input offset voltage 

Input offset current 

Input bias current 

Common-mode input voltage range 

Maximum positive peak output voltage swing 

Maximum negative peak output voltage swing 

Large-signal differential voltage amplification 

Input resistance 

Input capacitance 

Open-loop output impedance 

Common-mode rejection ratio 

Supply-voltage rejection ratio (Ll.VCC±hWIO) 

Short-circuH output current 

Supply current 

TEST CONDITIONS 

VIC=O, VO=O 

RS=50n 

10=-15O IlA 
10=-1.5mA 

10=-15mA 

10 = 150 IlA 
10= 1.5mA 

10=15mA 

VO=±10V, 

,= 1 MHz 

V'C = V,CRmin, 

VCC±=±2.5 V to±15 V, 

VO=O 

VO=O, 

~TEXAS 
INSTRUMENTS 

RS=50n, 

RL=2kn 

RS=50n 

RS=50n 

IV,o= 1 V 

I V,O=-1 V 

No load 

POST OFFICE eox 655303 • DALLAS. TEXAS 75265 

TlE2144Y 
MIN TYP MAX 

UNIT 

0.3 1.8 mV 

7 100 nA 

-0.7 -1.5 IlA 
-15 -15.3 

to to V 
13 13.2 

13.8 14.1 

13.7 14 V 

13.3 13.7 

-14.7 -14.9 

-14.5 -14.8 V 

-13.4 -13.8 

100 450 VlmV 

65 Mn 

2.5 pF 

30 n 

80 108 dB 

85 106 dB 

-25 -50 
rnA 

20 31 

13.8 18 rnA. 
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TLE214x,TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83 - FEBRUARY 1997 . 

VIO 

110 

liB 

,VOM+ 

VOM-

VO(PP) 

VOH 

VOL 

AVO 

Zo 
lOS 

CMRR 

kSVR 

ICC 

Vn 

Vn 

In 

THD+N 

SR 

Bl 

tilm 

TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage Distribution 

Input offset current vs Free-air temperature 

Input bias current 
vs Common-mode input voltage 
vs Free-air temperature 

vs Supply voltage 

Maximum positive peak output voltage 
vs Free-air temperature 
vs Output current 
vs Settling time 

vs Supply voltage 

Maximum negative peak output voltage 
vs Free-air temperature 
vs Output current 
vs Settling time 

Maximum peak-to-peak output voltage vs Frequency 

High-level output voltage vs Output current 

Low-level output voltage vs Output current 

Large-signal differential voltage amplification 
vs Frequency 
vs Free-air temperature 

Closed loop output impedance vs Frequency 

Short-circuit output current vs Free-air temperature 

Common-mode rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply-voltage rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply current 
vs Supply voltage 
vs Free-air temperature 

Equivalent input noise voltage vs Frequency 

Input noise voltage Over a 10-second period 

Noise current vs Frequency 

Total harmonic distortion plus noise vs Frequency 

Slew rate 
vs Free-air temperature 
vs Load capacitance 

Noninverting large signal vsTime 

Pulse response Inverting large signal vsTime 

Small signal vs Time 

Unity-gain bandwidth vs Load capacitance 

Gain margin vs Load capacitance 

Phase margin vs Load capacitance 

Phase shift vs Frequency 

~TEXAS 
INSTRUMENTS 
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TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

24 

20 

16 

12 
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TLE2141 
DISTRIBUTION OF 

INPUT OFFSET VOLTAGE 

236 Units Tested 
VCC±=±15V 
TA = 25°C -+-1--+--11---+--1--1 
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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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TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION· OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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Figure 8 

t Data at l:1igh and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE214x,TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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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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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW·NOISEHIGH·SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83- FEBRUARY 1997 
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TYPICAL CHARACTERISTICS 
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t Date at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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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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TLE214x, TLE214xA, TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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Figure 22 

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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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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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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TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
SLOSl83 - FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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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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TLE214x,TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SlOSI83- FEBRUARY 1997 

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

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 665303 • DAllAS. TEXAS 75265 



TLE214x, TLE214xA,' TLE214xV 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPliFIERS 
SLOS183 - FEBRUARY 1997 

TYPICAL"CHARACTERISTICS 

III 

" I 
c 

t 
:!! 
.~ 
CJ 

14 

12 
... 

" 10 

"-
8 

6 

4 

2 

o 
10 

~~ 

" "1\ 
~ 

" 

GAIN MARGINt 
va 

LOAD CAPACITANCE 

VC~±=±15V 
AVO=1 
Ri.=2knto oo 

Vo = -10 Vto 10 V 

TA=-55°C 

\ 
'" ~~ TA=125°C 

~~ ::::.. ..... !; ...... 

TA = 25°C 
'j I II 

100 1000 10000 
CL - Load capacitance - pF 

Figure 35 

c 
.~ .. 
:!! • .l!\ 
II. 
I 
E 

-e-

70° r--.... r--600 
I---... 

PHASE MARGINt 
va 

LOAD CAPACITANCE 

TA=-rilill 

~ TA=25°C 

50° 

TA=1250C\ ~~ 
40° 

30° 

20° 

100 

0° 
10 

\' 

~ 

~ ~ 
VCC±=±15V 
RL=2kn 

100 1000 
CL - Load Capacitance - pF 

Figure 36 

~~ 

10000 

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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input offset voltage nulling 

TLE214x, TLE214xA,TLE214xY 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS183- FEBRUARY 1997 

APPLICATION INFORMATION 

The TLE2141 series offers external null pins that can be used to further reduce the input offset voltage. If this 
feature is desired, connect the circuit of Figure 37 as shown. If external nulling is not needed, the null pins may 
be left unconnected. 

3 
IN+ 

2 OUT 
IN-

5 5k.Q 1 
OFFSET N2 OFFSET N1 

~ VCC_(splllsupply) 
1 k.Q GND (single supply) 

Figure 37. Input Offset Voltage Null Circuit 
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• Excellent Output Drive Capability 
Vo = ± 2.S V Min at RL = 100 n, 

Vcc±=±SV 
Vo = ± 12.S V Min at RL = 600 n, 

Vcc±=±1SV 

• Low Supply Current ••• 280 J..lA Typ 

• Decompensated for High Slew Rate and 
Gain-Bandwidth Product 

AVD = O.S Min 
Slew Rate = 10 VlJ..lS Typ 
Gain-Bandwidth Product = 6.S MHz Typ 

description 

The TLE2161, TLE2161 A, and TLE2161 Bare 
JFET-input, low-power, precision operational 
amplifiers manufactured using the Texas 
Instruments Excalibur process. Decompensated 
for stability with a minimum closed-loop gain of 5, 
these devices combine outstanding output drive 
capability with low power consumption, excellent 
dc preCision, and high gain-bandwidth product. 

In addition to maintaining the traditional JFET 
advantages of fast slew rates and low input bias 
and offset currents, the Excalibur process offers 
outstanding parametric stability over time and 
temperature. This results in a device that remains 
precise even with changes in temperature and 
over years of use. 

TLE2161, TLE2161A,TLE2161B 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 

JlPOWER OPERATIONAL AMPLIFIERS 

• Wide Operating Supply Voltage Range 
Vcc ± = ±3.S V to ± 18 V 

• High Open-Loop Gain ••• 280 VlmV Typ 

• Low Offset Voltage ••• SOO J..lV Max 

• Low Offset Voltage Drift With Time 
0.04 J..lV/Month Typ 

• Low Input Bias Current ••• S pA Typ 
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LOAD RESISTANCE 
> 10 
I I I IIIII 

t 
~ 

i o 

~ 
~ 

l 
E :s 
E 

I 
I 

[ 
~ 

8 

6 

4 

2 

o 
10 

VCC±=±5V 
TA = 25°C 

-~ 

...... ~~ 

100 1 k 10 k 
RL - Load Resistance - n 

AVAILABLE OPTIONS 

PACKAGE 

TA 
Vlomax SMALL CHIP CERAMIC PLASTIC 
AT 25°C OUTLINE CARRIER DIP DIP 

(D) (FK) (JG) (P) 

O°C SOOJ..lV - - - TLE2161BCP 
to 1.SmV TLE2161ACD TLE2161ACP 

70°C 3mV TLE2161CD - - TLE2161CP 

-40°C SOOJ..lV - - - TLE2161BIP 
to l.SmV TLE2161AID TLE2161AIP 

8SoC 3mV TLE21611D - - TLE21611P 

-SsoC SOOJ..lV - - TLE2161BMJG TLE2161BMP 
to l.SmV TLE2161AMD TLE2161AMFK TLE2161AMJG TLE2161AMP 

12SoC 3mV TLE2161MD TLE2161MFK TLE2161MJG TLE2161MP 

The D packages are available taped and reeled. Add R suffix to device type (e.g., TLE2161 ACDR). 

~~C11':":r!'::=SI;'~::=': ::,c=-= ~TEXAS 
INSTRUMENTS 

Copyright © t 996, Texas Instruments Incorporated 

_ warranty. Production p ...... lng does not necessarilV InClude 
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TLE2161,TLE2161A,TLE2i61B 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 
uPOWER OPERATIONAL AMPLIFIERS 
llLOS049D- NOVEMBER 1989.- REVISED MAY 1996 

description (continued) 

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

The e-suffix device.s are characterized for operation from ooe to 70oe. The I-suffix devices are characterized 
for operation from - 400 e to 85°e. The M-suffix devices are characterized for operation over the full military 
temperature range of - 55°e to 125°e. 

D, JG, OR P PACKAGE 
(TOP VIEW) 

IN- 2 7 Vcc+ 
IN + 3 6 OUT 

OFFSET N1 []8 NC 

Vcc- 4 5 OFFSET N2 
NC 

IN- 5 
NC 6 

NC - No internal connection 

equivalent schematic 

IN+ -~=;t=:;-I 

IN-

OFFSETN1 
OFFSET N2 -+--+---+ 

All component values are nominal. 
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FKPACKAGE 
(TOP VIEW) 

U ... U U U 
Z Z ZZ Z 

U I U C\I U 
Zuzzz 
~ 

NC 

Vcc+ 
NC 
OUT 
NC 



TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

~POW~L~s2!~B,~lJ2~~8~_~~~!o'~!~1~ 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee + (see Note 1) ......................................................... 19 V 
Supply voltage, Vee _ .................................................................... - 19 V 
Differential input voltage, VIO (see Note 2) .................................................. ± 38 V 
Input voltage range, VI (any input) .......................................................... Vee ± 
Input current, II (each input) .............................................................. ± 1 mA 
Output current, 10 ...................................................................... ± 80 mA 
Total current into Vee + .................................................................... 80 mA 
Total current out of Vee _ ................................................................. 80 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: C suffix ...................................... O°C to 70°C 

I suffix .................................... - 40°C to 85°C 
M suffix ................................. - 55°C to 125°C 

Storage temperature range, Tstg .................................................. - 65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60seconds: 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 eX1ended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC +, and VCC _. 
2. Differential voltages are at IN+ with respect to IN-. 
3. The output may be shorted to either supply. Temperature and lor supply voltages must be limited to ensure that the maximum 

dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA:S;25°C DERATING FACTOR TA = 70°C TA=85°C TA = 125°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING POWER RATING 

D 725mW 5.8 mWrC 464mW 377mW 145mW 

FK 1375mW 11.0mWrC aaOmW 715mW 275mW 

JG 1050mW 8.4 mWrC 672mW 546mW 210mW 

p 1000 mW 8.0 mWrC 640mW 520mW 200mW 

recommended operating conditions 

CSUFFIX I SUFFIX MSUFFIX 

Supply voltage, VCC± 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

MIN MAX 

±3.5 ±18 

Ivcc±=± 5V -1.6 4 

Ivcc±=± 15V -11 13 

0 70 

~TEXAS 
INSTRUMENTS 

MIN 

±3.5 

-1.6 

-11 

-40 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

UNIT 
MAX MIN MAX 

±18 +3.5 ±18 V 

4 -1.6 4 
V 

13 -11 13 

85 -55 125 °C 
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TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-QUTPUT-DRIVE 
~~~~~~~8~~~I!~~~ ~~!:JeIFIERS 
electrical characteristics at specified free-air temperature, vee ± = ± 5 V (unless otherwise noted) 

TLE2161C,TLE2161AC 

PARAMETER TEST CONDITIONS TAt TLE2161BC UNIT 
MIN TYP MAX 

25°C 0.8 3.1 
TLE2161C 

Full range 4 

25°C 0.6 2.6 
VIO Input offset voltage TLE2161AC mV 

Full range 3.5 

25°C 0.5 1.9 
TLE2161BC 

Full range 2.4 

aVIO Temperature coefficient of input offset voltage 
VIC=O, RS=500 

Full range 6 ltV/oC 

Input offset voltage long-term drift (see Note 4) 25°C 0.04 ltV/mo 

25°C 1 pA 
110 Input offset current 

Full range 0.8 nA 

25°C 3 pA 
liB Input bias current 

Full range 2 nA 

25°C 
-1.6 - -2 

V 
t04 t06 

VICR Common-mode input voltage range 
-1.6 

Full range 
t04 

V 

25°C 3.5 3.7 
RL= 10kn 

Full range 3.3 
VOM+ Maximum positive peak output voltage swing V 

25°C 2.5 3.1 
RL=1000 

Full range 2 

25°C -3.7 -3.9 
RL = 10 kn 

Full range -3.3 
VOM- Maximum negative peak output voltage swing V -

25°C -2.5 -2.7 
RL=1000 

Full range -2 

25°C 15 80 
VO=±2.8V, RL=10kO 

Full range 2 

25°C 0.75 45 
AVO Large-signal differential voltage amplification VO= Ot02V, RL=1000 V/mV 

Full range 0.5 

25°C 0.5 3 
VO=Oto-2V, RL= 1000 

Full range 0.25 

fj Input resistance 25°C 1012 0 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 280 0 

25°C 65 82 
CMRR Common-mode rejection ratio Vlc=VICRmin, RS=500 dB 

Full range 65 

VCC±=±5Vto±15V, 25°C 75 93 
ksVR Supply-voltage rejection ratio (aVCC±laVIO) dB 

RS=500 Full range 75 

25°C 280 325 
ICC Supply current 

Full range 350 
ItA 

VO=O, No load 

alCC 
Supply-current change over operating 

Full range 29 ItA temperature range 

t Full range IS O°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 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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TLE2161,TLE2161A,TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

J.LPOWER OPERATIONAL AMPLIFIERS 
SLOS049D - NOVEMBER 1989 - REVISED MAY 1996 

operating characteristics at specified free-air temperature, Vee ± = ±5 V (unless otherwIse noted) 

PARAMETER 

SR Slew rate (see Figure 1) 

Equivalent input noise voltage 
Vn (see Figure 2) 

Vn(PP) 
Peak-la-peak equivalent input 
noise voltage 

In Equivalent input noise current 

THO Total harmonic distortion 

Gain-bandwidth product 
(see FIgure 3) 

ts Settling time 

BaM 
Maximum output-swing 
bandwidth 

cj)m Phase margin (see Figure 3) 

t Full range is O°C to 70°C. 

TEST CONDITIONS 

AVO=5, RL = 10 k1l, CL=lOOpF 

RS=20o, 1 = 10 Hz 

RS=20O, 1=1 kHz 

1=0.1 Hztol0Hz 

1 = 1 kHz 

VO(pp)=2V, 
RL=10kn 

AVO =5, f=10kHz, 

f= 100kHz, RL=10kn, CL=loo pF 

f= 100kHz, RL=lookn, CL=loo pF 

£=0.1% 

£=0.01% 

AVO=5, RL=10kn 

AVO=5, RL=10kn, CL=loo pF 

AVO=5, RL= 1000, CL= 100 pF 

:II TEXAS 
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TLE2161C, TLE2181AC 

TAt TLE2181BC UNIT 
MIN TYP MAX 

25°C 7 10 

Full V/IJS 
range 

5 

59 100 
25°C nVNHz 

43 60 

25°C 1.1 ltV 

25°C 1 fANHz 

25°C 0.025% 

250C 
5.8 

MHz 
4.3 

5 
25°C IJS 

10 

25°C 420 kHz 

700 
25°C 

84° 
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TLE2161, tLE2161A, TLE2161 B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
uPOWER OPERATIONAL AMPLIFIERS 
!;LOS049D - NOVEMBER 11189 - REVISED MAY 1996 

electrical characteristics at specified free-air temperature, vee + = ± 15 V (unless otherwise noted) -
TLE2161C,TLE2161AC 

PARAMETER TEST CONDITIONS TAt TLE2161BC UNIT 
MIN TYP MAX 

25°C 0.6 3 
TLE2161C 

Full range 3.9 

VIO Input offset voltage TLE2161AC 
25°C 0.5 1.5 

mV 
Full range 2.5 

25°C 0.3 0.5 
TLE2161BC 

Full range 1 

aVIO Temperature coefficient of inpU1 offset voltage VIC=O, RS=50n Full range 6 !lVfOC 

Input offset voltage long-term drift 
I 25°C 0.04 !lV/mo (see Note 4) 

25°C 2 pA 
110 Input offset current 

Full range 1 nA 

25°C 4 pA 
liB Input bias current 

Full range 3 nA 

25°C 
-11 -12 

V 
to 13 to16 

VICR Common-mode input voltage range 
-11 

Full range 
to 13 

V 

25°C 13.2 13.7 
RL=10kQ 

Full range 13 
VOM+ Maximum positive peak output voltage swing 

25°C 12.5 13.2 
V 

RL=600n 
Full range 12 

25°C -13.2 -13.7 
RL=10kQ 

Full range -13 
VOM- Maximum negative peak output voltage swing 

25°C -12.5 
V 

-13 
RL=600n 

Full range -12 

25°C 30 230 
VO=±10V, RL= 10kQ 

Full range 20 

AVD Large-signal differential voltage amplification Vo = Ot08 V, RL=600n 
25°C 25 100 

Full range 10 
V/mV 

25°C 3 25 
VO=Oto-8V, RL=600n 

Full range 1 

q Input resistance 25°C 1012 n 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 280 n 

CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n 
25°C 72 90 

Full range 70 
dB 

VCC±=±5Vto±15V, 25°C 75 93 
ksVR Supply-voltage rejection ratio (AVCC± /AVIO) dB 

RS=50n Full range 75 

25°C 290 350 
ICC Supply current 

Full range 375 Jl.A 
VO=O, No load 

AICC 
Supply-current change over operating 

Full range 34 Jl.A temperature range 

t Full range IS O°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 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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TLE2161, TLE2161 A, TLE2161B 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 

~POW~L~2!~~o~JJ2~~~_~~rs~~!~1~ 
operating characteristics at specified free-alr temperature, V cc± = ±15 V (unless otherwise noted) 

PARAMETER 

SR Slew rate (see Figure 1) 

Equivalent input noise voltage 
Vn (see Figure 2) 

Vn(PP) 
Peak-to-peak equivalent input 
noise voltage 

In Equivalent input noise current 

THO Total harmonic distortion 

Gain-bandwidth product 
(see Figure 3) 

Is Settling lime 

BOM 
Maximum output-SWing 
bandwidth 

Cilm Phase margin (see Figure 3) 

t Full range IS O°C 10 7000. 

TEST CONDITIONS 

AVO=5. RL=10kO, CL=100pF 

RS=20a. 1= 10 Hz 

RS=20a. 1= 1 kHz 

1=0.1 Hz to 10Hz 

1=1 kHz 

VO(Pp6=2V. AVO =5. 1= 10kHz. 
RL= 1 k.Q 

f = 100 kHz. RL=10kO, CL= 100 pF 

1 = 100 kHz. RL= 600 0, CL= 100 pF 

£=0.1% 

£=0.01% 

AVO =5. RL= 10k.Q 

AVO=5. RL = 10 k.Q, CL=l00 pF 

AVO =5. RL=6000, CL= 100 pF 

~TEXAS 
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TLE2161C,TLE2161AC 

TAt TLE2161BC UNIT 
MIN TYP MAX 

25°C 7 10 
V/IJ$ 

Full range 5 

70 100 
nVlVHz 25°C 

40 60 

25°C 1.1 IlV 

25°C 1.1 lAIVHz 

25°C 0.025% 

25°C 
6.4 

MHz 
5.6 

5 
25°C IJ$ 

10 

25°C 116 kHz 

72° 
25°C 

78° 



TLE2161,TLE2161A, TLE2161B 
EXCALIBURJFET·INPUT HIGH·OUTPUT·DRIVE 
uPOWEROPERATIONAL AMPLIFIERS 
!lLOS0490 - NOVEMBER 1989 - REVISED MAY 1996 

electrical characteristics at specified free-air temperature, Vee ± = ± 5 V (unless otherwise noted) 
TLE2161I, TLE2161AI 

PARAMETER TEST CONDITIONS TAt TLE2161BI UNIT 
MIN TYP MAX 

25°C 0.8 3.1 
TLE2161I 

Full range 4.4 

25°C 0.6 2.6 
VIO Input offset voltage TLE2161AI 

Full range 
mV 

3.9 
25°C 0.5 1.9 

TLE2161BI 
Full range 2.7 

avlO Temperature coefficient of input offset voltage VIC=O. R$=50n Full range 6 !lVPC 
Input offset voltage long-term drift 

25°C 0.04 !lVlmo (see Note 4) 

110 Input offset current 
25°C 1 pA 

Full range 2 nA 

liB Input bias current 
25°C 3 pA 

Full range 4 nA 
-1.6 -2 

25°C to to 
4 6 

VICR Common-mode input voltage range 
-1.6 

V 

Full range to 
4 

25°C 3.5 3.7 
RL=10kn 

Full range 3.1 
VOM+ Maximum positive peak output voltage 

25°C 
V 

2.5 3.1 
RL=100n 

Full range 2 

25°C -3.7 -3.9 
RL= 10kn 

Full range -3.1 
VOM- Maximum negative peak output voltage swing 

25°C -2.1 
V 

-2.5 
RL= loon 

Full range -2 

25°C 15 80 
VO=±2.8V. RL=10kn 

Full range 2 

Avo large-signal differential voltage amplification VO= Ot02V. RL=loon 
25°C 

Full range 

0.75 45 

0.5 
VlmV 

25°C 0.5 3 
VO=Oto-2V. RL=100n 

Full range 0.25 

I"j Input resistance 25°C 1012 n 

ci Input capacitance 25°C 4 pF 

Zo Open-ioop output impedance 10=0 25°C 280 n 

CMRR Common-mode rejection ratio VIC=VICRmin. RS=50n 
25°C 65 82 

Full range 65 
dB 

Vec±=±5Vto± 15V. 25°C 75 93 
ksVR Supply-voltage rejection ratio (aVCC±laVIO) RS=50n Full range 65 

dB 

25°C 280 325 
ICC Supply current 

Full range 350 JlA 
VO=O. No load 

alec 
Supply-current change over operating 

Full range 29 JlA temperature range 

t 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 Ine 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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TLE2161, TLE2161A,TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

J.lPOWER OPERATIONAL AMPLIFIERS 
SLOS049D - NOVEMBER 1989 - REVISED MAY 1998 

operating characteristics at specified free-air temperature, Vee ± = ± 5 V (unless otherwise noted) 

PARAMETER 

SR Slew rate (see Figure 1) 

Equivalent input noise 
Vn voltage (see Figure 2) 

Vn(PP) 
Peak-to-peak equivalent 
input noise voltage 

In 
Equivalent input noise 
current 

THO Total harmonic distortion 

Gain-bandwidth product 
(see Figure 3) 

ts Settling time 

BOM 
Maximum output-swing 
bandwidth 

<jlm Phase margin (see Figure 3) 

t Full range is - 4Q°C to 85°C. 

TEST CONDITIONS 

AVO = 5, RL=10kO, CL= 100pF 

RS=20Q, 1 = 10 Hz 

RS=20Q, 1= 1 kHz 

1=0.1 Hz to 10Hz 

1= 1 kHz 

VO(pp)=2V, 
RL=10kQ 

AVO =5, 1=10kHz, 

1 = 100 kHz, RL= 10kQ, CL= 100 pF 

1 = 100 kHz, RL= looQ, CL=100 pF 

£=0.1% 

£=0.01% 

AVO = 5, RL= 10 kQ 

AVO = 5, RL=10kQ, CL=100 pF 

AVo=5, RL=100Q, CL=100 pF 

~TEXAS 
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TLE2161I, TLE2161AI 

TAt TLE2161BI UNIT 

MIN TYP MAX 

25°C 7 10 
V/IJS 

Full range 5 

59 100 
nV/..JHz 25°C 

43 60 

25°C 1.1 I1V 

25°C 1 IAI..JHz 

25°C 0.025% 

5.8 
25°C MHz 

4.3 

5 
25°C IJS 

10 

25°C 420 kHz 

70° 
25°C 

84° 
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TLE2161,TLE2161A,TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
~~~~~~5!!~~~!!~~~~~~1~~IFIERS 
electrical characteristics at specified free-air temperature, vee ± = ± 15 V (unless otherwise noted) 

TLE21611, TLE2161AI 

PARAMETER TEST CONDITIONS TAt TLE2161BI UNIT 
MIN TYP MAX 

25°C 0.6 3 
TLE2161I 

Full range 4.3 

VIO Input offset voltage TLE2161AI 
25°C 

Full range 

0.5 1.5 

2.9 
mV 

25°C 0.3 0.5 
TLE2161BI 

Full range 1.3 

OtVIO Temperature coefficient of input offset voltage 
VIC=O, RS=50n 

Full range 6 Ilvrc 

Input offset voltage long-term drift (see Note 4) 25°C 0.04 IlV/mo 

25°C 2 pA 
110 Input offset current 

Full range 3 nA 

25°C 4 pA 
liB Input bias current 

Full range 5 nA 

-11 -12 
25°C to to V 

13 16 
VICR Common-mode input voltage range 

-11 
Full range to V 

13 

25°C 13.2 13.7 
RL=10kn 

Full range 13 
VOM+ Maximum positive peak output voltage swing 

25°C 
V 

12.5 13.2 
RL=600n 

Full range 12 

25°C -13.2 -13.7 
RL= 10kn 

Full range -13 
VOM- Maximum negative peak output voltage swing 

25°C 
V 

-12.5 -13 
RL=600n 

Full range -12 

25°C 30 230 
VO=±10V, RL=10kn 

Full range 20 

AVO Large-signal differential voltage amplification VO= Ot08V, RL=600n 
25°C 25 100 

Full range 10 
V/mV 

25°C 3 25 
VO=Oto-8V, RL=600n 

Full range 1 

ri Input resistance 25°C 1012 n 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 280 n 

CMRR Common-mode rejection ratio VIC=VICRmin, RS=50n 
25°C 72 90 

dB 
Full range 65 

VCC±=±5Vto±15V. 25°C 75 93 
ksVR Supply-voltage rejection ratio (aVcc± /aVIO) dB 

RS=50n Full range 65 

25°C 290 350 
ICC Supply current 

Full range 375 IlA 
VO=O, No load 

alcc 
Supply-current change over operating 

Full range 34 IlA temperature range 

t 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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TLE2161, TLE2161A,TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-ORIVE 

IlPOWER OPERATIONAL AMPLIFIERS 
SLOS049D - NOVEMBER 1989 - REVISED MAY 1996 

operating characteristics at specified free-air temperature, vee ± = ± 15 V (unless otherwise noted) 

PARAMETER 

SR Slew rate (see Figure 1) 

Equivalent input noise voltage 
Vn (see Figure 2) 

Vn(PP) 
Peak-to-peak equivalent input 
noise voltage 

In Equivalent input noise current 

THO Total harmonic distortion 

Gain-bandwidth product 
(see Figure 3) 

ts Settling time 

BOM 
Maximum output-swing 
bandwidth 

<Pm Phase margin (see Figure 3) 

t Full range is - 4Q°C to 85°C. 

TEST CONDITIONS 

AVO = 5, RL = 10 k.O, CL=100pF 

RS=20Q, 1= 10 Hz 

RS=20Q, 1= 1 kHz 

1=0.1 Hztol0Hz 

1 = 1 kHz 

VO(pp)=2V, AVO=5, f=10kHz, 
RL=10kO 

1 = 100 kHz, RL= 10kO, CL= 100 pF 

1 = 100 kHz, RL= 600 0, CL=100 pF 

£=0.1% 

£=0.01% 

AVD=5, RL=10kO 

AVO =5, RL= 10 kO, CL=100 pF 

AVO = 5, RL=600 0, CL=100 pF 
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TLE2161I, TLE2161AI 

TAt TLE21611B UNIT 
MIN TYP MAX 

25°C 7 10 

Full range 5 
V/IJS 

70 100 
nV/'i'Hz 25°C 

40 60 

25°C 1.1 ~V 

25°C 1.1 IANHz 

25°C 0.025% 

6.4 
25°C MHz 

5.6 

5 
25°C IJS 

10 

25°C 116 kHz 

72° 
25°C 

78° 
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TLE2161, TLE2161A,TLE2161B 
EXCALIBUR JFET·INPUT HIGH·QUTPUT·DRIVE 
k'L~~~~~~~B~~~!!~~~~ ~~1~9~IFIERS 
electrical characteristics at specified free-air temperature, Vee ± = ± 5 V (unless otherwise noted) 

TLE2161M 

TAt 
TLE2161AM. 

PARAMETER TEST CONDITIONS TLE2161BM UNIT 

MIN TYP MAX 

25°C 0.8 3.1 
TLE2161M 

Full range 6 

25°C 0.6 2.6 
VIO Input offset voltage TLE2161AM mV 

Full range 4.6 

25°C 0.5 1.9 
TLE2161BM 

Full range 3.1 

aVIO 
Temperature coefficient of input offset 

VIC=O, RS=50n Full range 6 I!V(°C voltage 

Input offset voltage long-term drift 
25°C 0.04 I!V/mo (see Note 4) 

25°C 1 pA 
110 Input offset current 

Full range 15 nA 

25°C 3 pA 
liB Input bias current 

Full range 30 nA 

25°C 
-1.6 -2 

V 
t04 '106 

VICR Common-mode input voltage range 
-1.6 

Full range 
t04 

V 

25°C 3.5 3.7 
All packages RL=10kn V 

Full range 3 

Maximum positive peak FK and JG 25°C 2.5 3.6 
VOM+ output voltage swing packages RL=600n 

Full range 2 
V 

DandP 25°C 2.5 3.1 
packages RL=100n 

Full range 2 

25°C -3.7 -3.9 
All packages RL=10kn 

Full range -3 

Maximum negative peak FKand JG 25°C -2.5 -3.5 
VOM- RL=600n V output voltage swing packages Full range -2 

Dand P 25°C -2.5 -2.7 
packages RL=100n 

Full range -2 

25°C 15 80 
All packages VO=±2.8V, RL= 10kn 

Full range 2 

25°C 1 65 

FK and JG 
Vo = 0 to 2.5 V, RL=600n 

Full range 0.5 

Large-signal differential packages 25°C 1 16 
AVD voltage amplification VO=Oto-2.5V, RL=600n V/mV 

Full range 0.5 

25°C 0.75 45 

DandP 
VO= Ot02V, RL=100n 

Full range 0.5 
packages 25°C 0.5 3 

VO=Oto-2V, RL=100n 
Full range 0.25 

t Full range is - 55°C to 125°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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TLE2161,TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

~POW~L~s2!~~~JJ2~~8~_1~rs~J~!~1~9~ 
electrical characteristics at specified free-air temperature, Vee + = ± 5 V (unless otherwise noted 
continued) -

PARAMETER TEST CONDITIONS TAt 

fj Input resistance 25°C 

ci Input capacitance 25°C 

Zo Open-loop output impedance 10=0 25°C 

25°C 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n 

Full range 

VCC±=±5Vto±15V, 25°C 
kSVR Supply-voltage rejection ratio (AVCC:t!tNIO) 

RS=50Q Full range 

25°C 
ICC Supply current 

Full range 
VO=O, No load 

AICC 
Supply-current change over operating 

Full range 
temperature range 

t Full range IS - 55°C to 125°C. 

operating characteristics, Vee ± = ± 5 V, T A = 25°C 

SR 

Vn 

Vn(PP) 

In 

THD 

ts 

BaM 

<Pm 

PARAMETER 

Slew rate (see Figure 1) 

Equivalent input noise voltage (see Figure 2) 

Peak-to-peak equivalent input noise voltage 

Equivalent input noise current 

Total harmonic distortion 

Gain-bandwidth product (see Figure 3) 

Settling time 

Maximum output-swing bandwidth 

Phase margin (see Figure 3) 

TEST CONDITIONS 

AVD=5, RL=tOkQ, 

RS=20n, 1 = 10 Hz 

RS=20n, 1= 1 kHz 

1=0.1 Hz to 10Hz 

1= 1 kHz , 
AVD =5, VO(PP)=2 V, 
RL=10kn 

1 = 100 kHz, RL= 10kn, 

1 = 100 kHz, RL=600 kn, 

£=0.1% 

£=0.01% 

AVD=5, RL=10kn 

AVD=5, RL= 10 kn, 

AVD=5, RL= 600 n, 

~TEXAS 
INSTRUMENTS 

CL= tOO pF 

1=10kHz, 

CL= 100 pF 

CL= 100 pF 

CL=100 pF 

CL=100 pF 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TLE2161M 
TLE2161AM 
TLE2161BM UNIT 

MIN TYP MAX 

1012 n 

4 pF 

280 n 

65 82 
dB 

60 

75 93 
dB 

65 

280 325 

350 
~ 

39 ~ 

TLE2161M 
TLE2161AM 
TLE2161BM UNIT 

MIN TYP MAX 

to V/IJS 

59 

43 
nV/..JHz 

1.1 I.LV 

1 IM'Hz 

0.025% 

5.8 
MHz 

4.3 

5 

10 
!1S 

420 kHz 

70° 

84° 
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TLE2161, TLE2161 A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
~~~~B,~~B~~~!!~~~E~ i~I~;IFIERS 
electrical characteristics at specified free-air temperature, Vee ± = ±15 V (unless otherwise noted) 

TLE2161M 

TAt 
TLE2161AM 

PARAMETER TEST CONDITIONS TLE2161BM UNIT 

MIN TYP MAX 

~5°C 0.6 3 
TLE2161M 

Full range 6 

VIO Input offset voltsge TLE2161AM 
25°C 

Full range 

0.5 1.5 

3.6 
mV 

25°C 0.3 0.5 
TLE2161BM 

Full range 1.7 

aVIO Temperature coefficient of input offset voltsge VIC=O, RS=50n Full range 6 V.vrc 
Input offset voltage long-term drift 

25°C 0.04 v.V1mo (see Note 4) 

25°C 2 pA 
110 Input offset current 

Full range 20 nA 

25°C 4 pA 
liB Input bias current 

Full range 40 nA 

25°C 
-11 -12 

V 
t013 to 16 

VICR Common-mode input voltage range 
-11 

Full range 
t013 

V 

25°C 13.2 13.7 
RL=10kn 

Full range 12.5 
VOM+ Maximum positive peak output voltsge swing 

25°C 
V 

12.5 13.2 
RL=600n 

Full range 12 

25°C -13.2 -13.7 
RL=10kn 

Full range -12.5 
VOM- Maximum negative peak output voltage swing V 

25°C -12.5 -13 
RL=600n 

Full range -12 

25°C 30 230 
VO=±10V, RL=10kn 

Full range 20 

AVO Large-signal differential voltsge amplification VO= Ot08V, RL=6OOn 
25°C 

Full range 

25 100 

7 
V/mV 

25°C 3 25 
VO=Oto-8V, RL=600n 

Full range 1 

II Input resistance 25°C 1012 n 

ci Input capacitance 25°C 4 pF 

Zo Open-loop output impedance 10=0 25°C 280 n 

CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n 
25°C 72 90 

Full range 
dB 

65 

ksVR Supply-voltsge rejection ratio (aVCC±laVIO) 
VCC±=±5Vto±15V, 25°C 75 93 
RS=50n Full range 

dB 
65 

25°C 290 350 
ICC Supply current 

Full range 375 v.A 
VO=O, No load 

alcc 
Supply-current change over operating 

Full range 46 v.A temperature range 

t Full range is - 55°C to 125°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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TLE2161,TLE2161A,TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

JlPOWER OPERATIONAL AMPLIFIERS 
SLOS049D - NOVEMBER 1989 - REVISED MAY 1996 

operating characteristics at specified free-air temperature, vee ± = ±15 V (unless otherwise noted) 

PARAMETER 

SR Slew rate (see Figure 1) 

Equivalent input noise voHage 
Vn (see Figure 2) 

VN(PP) 
Peak-to-peak equivalent input 
noise VOltage 

In Equivalent input noise current 

THO Total harmonic distortion 

Gain-bandwidth product 
(see Figure 3) 

ts Settling time 

BOM 
Maximum output-swing 
bandwidth 

CPm Phase margin (see Figure 3) 

t Full range Is - 55°C to 125°C. 

TEST CONDITIONS 

AVO = 5, RL=10kn, CL= 100pF 

RS=200, 1= 10Hz 

RS =20 0, 1= 1 kHz 

1=0.1 Hztol0Hz 

1= 1 Hz 

VO(pp)=2V, AVO=5, 1= 10kHz, 
RL=10kn 

1 = 100 kHz, 

f = 100 kHz, 

£=0.1% 

£=0.01% 

AVO=5, 

AVO=5, 

AVO =5, 

RL=10kn, CL= 100 pF 

RL= 600 a, CL= 100 pF 

RL= 10kn 

RL= 10kn, CL= 100 pF 

RL= 600 a, CL=100 pF 

~TEXAS 
INSTRUMENTS 
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TLE2161M 

TAt 
TLE2161AM 
TLE2161BM UNIT 

MIN TYP MAX 

25°C 7 10 
VIlIS 

Full range 5 

70 
nVNHz 25°C 

40 

25°C 1.1 I1V 

25°C 1.1 IAlVHz 

25°C 0.025% 

6.4 
25°C MHz 

5.6 

5 
25°C lIS 

10 

25°C 116 kHz 

72° 
25°C 

78° 
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TlE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET"INPUT HIGH-OUTPUT-ORIVE 
uPOWER OPERATIONAL AMPLIFIERS 
!>LOS049D - NOVEMBER 1989 - REVISED MAY 1996 

PARAMETER MEASUREMENT INFORMATION 

akn 
2kn 

>-...... --.-Vo Vo 

2kn 

RS 

Vcc- c 
(see Note A~ I RS 

NOTE A: CL includes fixture capacitance. 

Figure 1. Slew-Rate Test Circuit Figure 2. Noise-Voltage Test Circuit 

10kn 

>-_----j ___ Vo 

NOTE A: CL includes fixture capacitance. 

Figure 3. Gain-Bandwidth Product and Phase-Margin Test Circuit 

typical values 

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

Input bias and offset current 

6-362 

At the picoampere bias-current level typical of the TLE2161, TLE2161 A, and TLE2161 B, accurate 
measurement of the bias current becomes difficult. Not only does this measurement require a picoammeter, 
but test socket leakages can easily exceed the actual device bias currents. To accurately measure these small 
currents, Texas Instruments uses a two-step process. The socket leakage is measured using picoammeters 
with bias voltages applied but with no device in the socket. The device is then inserted into the socket, and a 
second test that measures both the socket leakage and the device input bias current is performed. The two 
measurements are then subtracted algebraically to determine the bias current of the device. 
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VIO 

liB 

110 

VICR 

VOM 

VOM 

VOM 

VO(PP) 

AVO 

lOS 

Zo 
CMRR 

ICC 

Vn 

THO 

«Pm 

TLE2161, TLE2161 A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

~POW~L~s2!~~o~JJ2~~8~_~~rs~J~!~1~ 
TYPICAL CHARACTERISTICS 

Table of Graphs 
FIGURE 

Input offset voltage Distribution 4 

Input bias current 
vs Common-mode input voltage 5 
vs Free-air temperature 6 

Input offset current vs Free-air temperature 6 

Common-mode input voltage range limits vs Free-air temperature 7 

Maximum positive peak output voltage vs Output current 8 

Maximum negative peak output voltage vs Output current 9 

Maximum peak output voltage vs Supply voltage 10,11,12 

Maximum peak-to-peak output voltage vs Frequency 13,14,15 

Large-signal differential voltage amplification 
vs Frequency 16 
vs Free-air temperature 17 

Short-circuit output current vs Elapsed time 18 

Large-signal voltage amplification vs Free-air temperature 19 

Output impedance vs Frequency 20 

Common-mode rejection ratio vs Frequency 21 

Supply current 
vs Supply voltage 22 
vs Free-air temperature 23 

Pulse response 
Small signal 24,25 
Large signal 26,27 

NOise voltage (referred to input) 0.1 tol0Hz 28 

Equivalent input noise voltage vs Frequency 29 

Total harmonic distortion vsFrequency 30,31 

Gain-bandwidth product 
vs Supply voltage . 32 
vs Free-air temperature 33 

Phase margin 
vs Supply voltage 34 
vs Free-air temperature 35 

Phase shift vs Frequency 16 

~1EXAS 
INSTRUMENTS 

POST OFFICE BOX 6S5303 • DALLAS. TEXAS 75265 . 6-363 



TLE2161, TLE2161 A, TLE2161B 
£XCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 
~~~~B,~!'e~~~~~~~~ ~A~l':s'eIFIERS 

TYPICAL CHARACTERISTICSt 

TLE2161 
DISTRIBUTION OF 

INPUT OFFSET VOLTAGE 
15 

736 Amplifiers 

~ 
VCC±=±15V 
TA=25OC I 

110 

PPackage 1. 
I 

~ a 
'& d ,. ! 

'$ 
a. 
.5 
I 
!!! 

0'---""'--

80 

50 

40 

30 

20 

10 

o 

INPUT BIAS CURRENT 
va 

COMMON-MODE INPUT VOLTAGE 

I 
VCC±=±15V I VID=O 
TA=25·C 

/ 
V 

/ 
/ 

I 
V 

-4 -3 -2 -1 0 1 2 3 4 -20 -15 -10 -5 0 5 10 15 20 
VIO -Input Offset Voltage - mV 

Figure 4 

INPUT BIAS CURRENT 
AND INPUT OFFSET CURRENT 

va 
FREE-AIR TEMPERATURE 

~VCC±-±15V 
~VIC·O 

/' 

IIB~ /111 

./ ./ 

> 
I 

VCC++2 

I VCC++1 

_I VCC+ I V~_~ 
'f VCC-+3 

j-

VCC-+2 

r 

VIC - COmmon-Mode Input Voltage - V 

FigureS 

COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS 

va 
FREE-AIR TEMPERATURE 

Positive Limit 

Negative Limit 

-
45 65 65 105 125 -75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature _·C TA - Free-Air Temperature _·C 

Figure 6 Figure 7 

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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TLE2161, TLE2161A,TLE2161B 
EXtALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 

~POWER OPERATIONAL AMPLIFIERS 
SLOS049D - NOVEMBER 1989 - REVISED MAY 1998 

TYPICAL CHARACTERISTICS 

MAXIMUM POSITIVE PEAK 
OUTPUT VOLTAGE 

VB 
OUTPUT CURRENT 

I 
TA=25°C 

r- VCC± = ±15 V - r--- -

-
r-- VCC+ = ±5 V 

1 I 
-10 -20 -30 -40 -50 -60 

10 - Output Current - mA 

FigureS 

MAXIMUM PEAK OUTPUT VOLTAGE 
VB 

SUPPLY VOLTAGE 

I I 

~ RL=10kn 
f-- TA=25°C 

V I 

V VOM+ 

./ 
..., 

",-

.. V 
"r---..... 

I ........... 
........... 

"'r--... ~ VOM-

1 
o 2 4 6 8 10 12 14 16 18 20 

1 vcc± 1- Supply Voltage - V 

Figure 10 

> -16 
I 

& 
.I! -14 
~ i -12 

o 
.... -10 

i 
'zi -8 

-6 
E 
::I 

E -4 

I 
II -2 

::Ii 
~ o 

20 

> 15 
I 

t 10 
oj 
':i 5 

! i 0 

§ -5 
E 

I -10 
I 
::Ii 
~ -15 

-20 

MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE 

VB 
OUTPUT CURRENT 

TA=25°C 

- VCC±=±15V 
, 
~ 

" 
-

o 

VCC±=±5V r--....... 

r I ~ 
5 10 15 20 25 30 35 40 

10 - Output Current - mA 

Figure 9 

MAXIMUM PEAK OUTPUT VOLTAGE 
VB 

SUPPLY VOLTAGE 

RL=600Q 
r- TA=25°C i'" I 

./ V VOM+ 

./ 
.", 

.. V 

"r---..... 
........... 

........... , 
............. 

........... r--.. VOM-

o 2 4 6 8 10 12 14 16 18 20 

I vcc± 1- Supply Voltage - V 

Figure 11 
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TLE2161,TLE2161A,TLE2161B 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 
uPOWER OPERATIONAL AMPLIFIERS 
lILOS049D - NOVEMBER 1989 - REVISED MAY 1998 

TYPICAL CHARACTERISTICS 

6 

> 

J : 
J I 0 

I -2 

I -4 

~ 
-6 

MAXIMUM PEAK OUTPlJT VOLTAGE 
va 

SUPPLY VOLTAGE 

I V" RL=1000 

./ TA = 25°C vOM+ 

V~ 

..... 
~ 
~ -vOM-

> 
I 10 

J 
~ 
'5 
t o 

I 
i 
~ 
I 
I 

f 

8 

6 

4 

2 

o 2 4 6 8 10 
IVCC±I- Supply Voltage - V 

~ o 
10k 

> 
130 

125 
J 20 

I 
S. 15 

I 
i 10 

I 
~ 5 

f 
~ 0 

10k 

Figure 12 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 

va 
FRQUENCY 

1\ 

\ , 
1\ 

" 

VCC±=±1 
RL= 10 kO 
TA=25°C 

~ !"oo. 

100k 1 M 
f - Frequency - Hz 

Figure 14 

40 
5V 

o 
10M 10k 
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MAXIMUM PEAK-To-PEAK 
OUTPUT VOLTAGE 

va 
FREQUENCY 

VCC±=±5V 
RL=10kO 
TA=25°C 

1\ 
'I' 

100k 1 M 10M 
f - Frequency - Hz 

Figure 13 

MAXIMUM PEAK-To-PEAK 
OUTPUT VOLTAGE 

va 
FREQUENCY 

Vcc±=±SV 
RL=10kO 
TA=2SoC 

" 1\ 
\ 
1 

I' 

i'-.. ~ 
100k 1 M 10M 

f - Frequency - Hz 

Figure 15 



TLE2161, TLE2161A,TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

/lPOWER OPERATIONAL AMPLIFIERS 
SLOS049D - NOVEMBER 1989 - REVISED MAY 1996 

TYPICAL CHARACTERISTICSt 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

va 

120 

100 
!m 
c " !! I 80 :! c 
is .2 
Ii 1§ 60 ji 
l:4O 
!l aI 
II 
C~ 20 

~ 

or 
E 
I 

'E 
~ 
:::I 
U 
'5 
t 
0 
:I:: 
:::I 
I:! 

~ 
0 .c 

o 

-20 
0.1 

80 

60 

40 

20 

0 

-20 

-40 

va 
FRQUENCY 

\ 
60° 

\ .. \.. 
"- Phase Shift 

80° 

'\. ~ 
AVO I\. ~ 

100° 

= 
120° ~ 

\. 
'~ 

VCC±=±15V ''\ RL=10kU 
CL=100pF 

CD .. 
01 

140° f 

160° 

180° 

TA=25°C ~ 
200° 

10 100 1 k 10 k 100 k 1 M 10 M 

f - Frequency - Hz 

Figure 16 

SHORT-CIRCUIT OUTPUT CURRENT 
va 

ELAPSED TIME 

Vlo=-100mV 

VCC±=±15V 
TA=25°C 
VO=O 

III 

:" -60 V 
to=Tmv 0 

-80 
o 10 20 30 40 50 60 

t - Elapsed Time - s 

Figure 18 

FREE-AIR TEMPERATURE 
400 

RL=10kU 
350 

Ii> i ~ 300 

:m k 
c .2250 

"!1 
~ 'i 200 
• E 
J& 150 

--.. -..... VCC±=±15V r--... 
.............. 

i'.. 
61 
>~ 100 

or 

50 f- VCC±=±5V - r-- ""'-

II -
o 
-75 -50 -25 0 25 50 75 100 125 

or 
E 
I 

'E 
~ 
:::I 
U 
'5 
t 
0 
:I:: 
:::I 
,g 
U 
t: 
0 .c 
III 
I 

IS 

80 

60 

40 

20 

0 

-20 

-40 

-60 

-80 

TA - Free-Air Temperature - °C 

Figure 17 

LARGE-SIGNAL VOLTAGE AMPLIFICATION 
va 

FREE-AIR TEMPERATURE 

VCC±=±15V - vo=o _ I---
I~ ---r-r-.. VIO =-100 mV 

---
VIO=1~V......-

----r---.. 
-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

Figure 19 

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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TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
uPOWER OPERATIONAL AMPLIFIERS 
!lLOS049D - NOVEMBER 11189 - REVISED MAY 1996 

TYPICAL CHARACTERISTICSt 
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OUTPUT IMPEDANCE 
va 
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111111 ! I I jV =1~ V 
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Figure 20 

SUPPLY CURRENT 
Va ' , 

SUPPLY VOLTAGE 

TA=125°C 

L~ 
~ -- ,.....-T I - TA=2~ 

.....-
__ V 

~ 
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..,.., 

---
TA=-55°C 
I I I 

o 2 4 6 8 10 12 14 16 18 20 

IVCC±I ~ Supply Voltage - V 

Figure 22 
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COMMON-MODE REJECTION RATIO 
va 

FREQUENCY 

VCC±=±5V 
TA=25°C 

'\ 

" '\ '" '\ '" '\ " 100 1 k 10k 100k 1 M 10M 

f - Frequency - Hz 

Figure 21 

SUPPLY CURRENT 
Va 

FREE·AIR TEMPERATURE 

Vo=O 
No Load 

-~ 
/ .....-vCC±=~ 

/ ...".,... 
.----

~ ~ 
/. 

VCC±=±5V 

V 

-75 -SO -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

Figure 23 

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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TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET·INPUT HIGH·OUTPUT·DRIVE 

/-lPOWER OPERATIONAL AMPLIFIERS 
SLOS049D - NOVEMBER 1989 - REVISED MAY 1998 

TYPICAL CHARACTERISTICS 

100 

, 

-100 

SMALL-8IGNAL 
PULSE RESPONSE 

I 

VCC±=± 1SV 
AVO=S 
RL=10kCl 
CL=100pF 
TA=2SoC 
See Figure 1 
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Figure 24 

LARGE-SIGNAL 
PULSE RESPONSE 

VCC±=± SV 
AVO=5 
RL = 10 kCl 
CL=100pF 
TA=25°C 
See Figure 1 
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Figure 26 
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Figure 25 
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PULSE RESPONSE 
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AVO=5 
RL= 10 kCl 
CL=100pF 
TA=25°C 
See Figure 1 
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TLE2161, TLE2161A,TLE2161B 
EXCALIBUR JFET·INPUT HIGH·QUTPUT·DRIVE 
~~24~~B;~!B~~~!!~~~to ~~1~9~IFIERS 

TYPICAL CHARACTERISTICS 

NOISE VOLTAGE 
(REFERRED TO INPUn 

OVER A 10·SECOND INTERVAL 

EQUIVALENT INPUT NOISE VOLTAGE 
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TLE2161,TLE2161A,TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

IlPOWER OPERATIONAL AMPLIFIERS 
SLOS049D - NOVEMBER 1989 - REVISED MAY 1996 

TYPICAL CHARACTERISTICS 
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TLE2161, TLE2161 A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
~~~~~~~~~~~!~~~~~ ~~l~JsIFIERS 

APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™.The Boyle macromodel (see Note 5) and subcircuit in Figure 36 and Figure 37 were 
generated using the TLE2161 typical electrical and operating characteristics at 25°C. Using this information, 
output simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Gain-bandwidth product 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

99 

+ din 
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ro2 90 91 
t +dlp + 

hlim vip vln 2 
rp 

Vcc+-.---.------+-~-----------. 

+ 
IN - ..... +---+---11--' + 

IN + ..... -f----f-------+---+---l 

C1 

rd1 rd2 ro1 
54 de 

VCC- -. __ -. ____ ~4 __ --__ +-+_~ __ ~.-----------------------~5~ 
+ ve 

OUT 

Figure 36. Boyle Macromodel 

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers", IEEE 
Journal of Solid-State Circuits, SC-9, 353 (1974). 

PSpice and Parts are trademark of MicroSim Corporation. 
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TLE2161, TLE2161 A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-ORIVE 

J.1POWER OPERATIONAL AMPLIFIERS 
SLOS049D-NOVEMBER 1989-REVISED MAY 1996 

APPLICATION INFORMATION 

macromodel information (continued) 

.subekt TLE2161 1 2 3 4 5 
e1 11 12 125.4E-14 
e2 6 7 5. OOOE-12 
de 5 53 dx 
de 54 5d x 
dIp 90 91 dx 
dIn 92 90 dx 
dp 4 3 dx 
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5 
fb 7 99 po1y(5) vb ve ve vIp v1n 0 4.085E6 -4E6 4E6 4E6 -4E6 
ga 6 0 11 12 201.1E-6 
gem 0 6 10 99 3.576E-9 
iss 3 10 de 45.00E-6 
hlim 90 0 vIim 1K 
j1 11 2 10 jx 
j2 12 1 10 jx 
r2 6 9 100.0E3 
rd1 4 11 4.973E3 
rd2 4 12 4.973E3 
ro1 8 5 280 
ro2 7 99 280 
rp 3 4 113.2E3 
rss 10 99 4.444E6 
vb 9 0 de 0 
ve 3 53 de 2 
ve 54 4 de 2 
v1im 7 8 de 0 
vIp 91 0 de 50 
vIn 0 92 de 50 

.model dx D (Is=800.0E-18) 

.model jx PJF (Is=1.000E-12 Beta=480E-6 Vto=-1) 

. ends 

Figure 37. Macromodel Subcircuit 
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TLE2161,TLE2161A,TLE2161B 
\, EXCALIBURJFET·INPUT HIGH·OUTPUT.;DRIVE 

~~~~£!B~~~!!~~~~~~1~~IFIERS 
APPLICATION INFORMATION 

Input characteristics 

The TLE2161, TLE2161 A and TLE2161 B are specified with a minimum and a maximum input voltage that if 
exceeded at either input could cause the device to malfunction. 

Because of the extremely high input impedance and resulting low bias-current requirements, the TLE2161, 
TLE2161 A, and TLE2161 B are we" suited for low-level signal processing; however, leakage currents on printed 
circuit boards and sockets can easily exceed bias-current requirements and cause degradation in system 
performance. It is a good practice to include guard rings around inputs (see Figure 38). These guards should 
be driven from a low-impedance source at the same voltage level as the common-mode input. 

Vo 

R1 
R2 

-= 

Figure 38. Use of Guard Rings 

input offset voltage nulling 

6-'374 

The TLE2161 series offers external null pins that can further reduce the input offset voltage. The circuit in 
Figure 39 can be connected as shown if the feature is desired. When external nulling is not needed, the null 
pins may be left disconnected. 

IN-

IN+ 

5kn 
Vcc-

Figure 39. Input Offset Voltage Nulling 
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TLE2227, TLE2227Y, TLE2237, TLE2237Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 

• Outstanding Combination of DC Precision 
and AC Performance: 

Unlty-Galn Bandwidth ••• 15 MHz Typ 
Vn ••• 3.3 nVNHz at f = 10 Hz Typ, 

2.5 nVNHz at f = 1 kHz Typ 
VIO ••• 100 ILV Typ 
AVD ••• 45 VlILV Typ With RL = 2 len 

38 VlILV Typ With RL = 1 len 
• Available In 16-Pin Smail-Outline 

Wide-Body Package 

• Macromodels and Statistical Information 
Included 

• Output Features Saturation Recovery 
Circuitry 

description 

The TLE22x7C combines innovative circuit 
design expertise and high-quality process control 
techniques to produce a level of ac performance 
and dc precision previously unavailable in dual 
operational amplifiers. This device allows 
upgrades to systems that use lower-precision 
devices and is manufactured using Texas 
Instruments state-of-the-art Excalibur process. 

PPACKAGE 
(TOP VIEW) 

10UTUa VCC+ 
l1N- 2 7 20UT 
l1N+ 3 6 21N-

VCC- 4 5 21N+ 

NC 
NC 

lOUT 

DWPACKAGE 
(TOP VIEW) 

16 NC 
15 NC 

3 14 VCC+ 
13 20UT 
12 21N-
11 21N+ 
10 NC 

9 NC 

NC - No internal connection 

In the area of dc precision, the TLE22x7C offers a typical offset voltage of 100 ILV, a common-mode rejection 
ratio of 115 dB (typ), a supply voltage rejection ratio of 120 dB (typ), and a dc gain of 45 V/ILV (typ). . 

The ac performance is highlighted by a typical unity.:9.ain bandwidth specification of 15 MHz, 55° of phase 
margin, and noise voltage specifications of 3.3 nVNRZ and 2.5 nVNRZ at frequencies of 10 Hz and 1 kHz, 
respectively. 

The TLE22x7C is available in a wide variety of packages, including the industry standard 16-pin small-outline 
wide-body version for high-density system applications. This device is characterized for operation from O°C to 
70°C. 

AVAILABLE OPTIONS 

PACKAGED DEVICES 
CHIP FORM* 

TA 
VIOtyP 

SMALL OUTUNEt PLASTIC DIP AT 25°C M 
(OW) (P) 

100 ltV TLE2227COW TLE2227CP TLE2227Y 
0°Cto70°C 

100 ltV TLE2237CDW TLE2237CP TLE2237Y 

t The OW package is available taped and reeled. Add R suffix to device type (e.g., TLE2227COWR). 
:j: Chip forms are tested at 25°C only. 
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TLE2227,TLE2227V,TLE2237,TLE2237V 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS1 84 - FEBRUARY 1997 

symbol (each amplifier) 

IN+=C>-. OUT 
IN- -

TLE2227Y chip information 

This chip, properly assembled, displays characteristics similar to the TLE2227C. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips my be mounted with conductive 
epoxy or a gold-silicon preform . 
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11N+ 
(3) 

11N-
(2) 

20UT (6) 

VCe-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJmax=150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

1 OUT 

21N+ 

21N-



TLE2237Y chip information 

TLE2227, TLE2227Y, TLE2237, TLE2237Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION. DUAL OPERATIONAL AMPLIFIERS 
SLOS184 - FEBRUARY 1997 

This chip, when properly assembled, displays characteristics similar to TLE2237. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. The chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
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11N+ 
(3) 

(2) 10UT 
11N-

21N+ 
20UT (6) 

21N-

VCC-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 
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TLE2227, TLE2227Y, TLE2237, TLE2237Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOSl84- FEBRUARY 1997 

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

Supply voltage, V cc + (see Note 1) .......................................................... 19 V 
Supply voltage, Vcc- .................................................................... -19 V 
Differential input voltage, VIO (see Note 2) ................................................. ± 1.2 V 
Input voltage range, VI (any input) .......................................................... Vcc± 
Input current, II (each input) .............................................................. ±1 rnA 
Output current, 10 ...................................................................... ±50 rnA 
Total current into VCC+ ................................................................... 50 rnA 
Total current out of Vcc- ................................................................. 50 rnA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 vcc+ and VCC-. 
2. Differential voitages are at IN+ with respect to IN -. Excessive current flows if a differential input voltage in excess of approximately 

± 1.2 V is applied between the inputs unless some limiting resistance is used. 
3. The output can be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 

dissipation rating is not exceeded. 

PACKAGE 

OW 

p 

DISSIPATION. RATING TABLE 

TA S 25°C DERATING FACTOR TA = 70°C 
POWER RATING ABOVE TA = 25°C POWER RATING 

1025mW 

1000 mW 

8.2mW/"C 

8.0mW/oC 

656mW 

640mW 

recommended operating conditions 

Supply voltage, VCC± 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

t Full range IS O°C to 70°C. 

~TEXAS 
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ITA=25°C 
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MIN MAX UNIT 

±4 H9 V 

±11 
V 

±10.5 

0 70 °C 
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TLE2227, TLE2227Y, TLE2237, TLE2237Y 
EXCALIBUR lOW·NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOSl84- FEBRUARY 1997 

electrical characteristics at specified free-air temperature. VCC± = ±15 V (unless otherwise noted) 

TAt 
TLE2227C 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX 

25°C 100 350 
VIO Input offset voltage 

Full range 500 
!LV 

aVIO 
Temperature coefficient of input offset 

Full range 0.4 1 !LV/oC 
voltage 

Input offset voltage long-term drift 
VIC=O, RS=50n 25°C 0.006 1 J.lVlmo 

(see Note 4) 

25°C 7.5 90 
110 Input offset current nA 

Full range 150 

25°C 15 90 
liB Input bias current nA 

Full range 150 

-11 -13 
25°C to to 

11 13 
VICR Common-mode input voltage range RS=50n V 

-10.5 
Full range to 

10.5 

25°C 10.5 
RL= 1 lin 

Full range 10 
VOM+ 

Maximum positive peak output voltage 
V 

swing 25°C 12 
RL=211n 

Full range 11 

25°C -10.5 -13 
RL= 1 lin 

Full range -10 
VOM-

Maximum negative peak output voHage 
V 

swing 25°C -12 -13.5 
RL=211n 

Full range -11 

VO=±11 V, RL=211n 25°C 2.5 45 

Large-signal differential voltage VO=±10V, RL=211n Full range 2 
AVO amplification 25°C 3.5 38 

V/J.lV 

VO=±10V, RL= 1 lin 
Full range 1 

ci Input capacitance 25°C 8 pF 

Zo Open-loop output Impedance 10=0 25°C 50 n 

25°C 98 115 
CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n dB 

Full range 95 

Supply-voltage rejection VCC±=±4 Vto±18 V, RS=50n 25°C 94 120 
kSVR dB 

ratio (l\VCC±/l\Vlol VCC±=±4 Vto±18V, RS=50n Full range 92 

25°C 7.3 10.6 
ICC Supply current VO=O, No load mA 

Full range 11.2 

t Full range IS OOC to 70°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating IHe test at T A = 150°C extrapolated 

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2227, TLE2227Y, TLE2237, TLE2237Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics at specified free-air temperature, VCC±= ±15 V 

PARAMETER TEST CONDITIONS 

SR Slew rate RL=2kQ, CL= lOOpF 

RS=20Q, 1= 10Hz 
Vn Equivalent input noise voltage 

RS=20Q, 1= 1 kHz 

VN(PP) Peak-to-peak equivalent input noise voltage 1=0.1 Hz to 10Hz 

In Equivalent input noise current 
1 = 10 Hz 

1 = 1 kHz 

THO Total harmonic distortion 
VO= ±10V, AVO = 1, 
See NoteS 

Bl Unity-gain bandwidth Rl=2kQ, Cl= loopF 

BaM Maximum output-swing bandwidth Rl=2kn 

ejlm Phase margin Rl=2kn Cl=100pF 

t Full range IS O°C to 70°C. 
NOTE S: Measured distortion 01 the source used in the analysis is 0.002%. 
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2SoC 

Full range 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 
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MIN 

1.7 

1.2 

7 

SLOSl84- FEBRUARY 1997 

TLE2227C 
UNIT 

TYP MAX 

2.S 
VIlIS 

3.3 8 
nV/'-'HZ 

2.S 4.S 

SO 2S0 nV 

1.S 4 
pAl'-'HZ 

0.4 0.6 

<0.002% 

13 MHz 

30 kHz 

40° 
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TLE2227, TLE2227V, TLE2237, TLE2237Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOSI84- FEBRUARY 1997 

electrical characteristics at specified free-air temperature, V CC± = ± 15 V (unless otherwise noted) 

TAt 
TLE2237C 

PARAMETER TEST CONDmONS UNIT 
MIN TYP MAX 

25°C 100 350 !lV 
VIO Input offset voltage 

Full range 500 

Temperature coefficient of input offset voltage Full range 0.4 1 
!lVrC 

(lVIO 

Input offset voltage long'term drift (see Note 4) 25°C 0.006 1 !lV/mo 
VIC=O, RS=50n 

25°C 7.5 90 
110· Input offset current nA 

Full range 150 

25°C 15 90 
liB Input bias current nA 

Full range 150 

-11 -13 
250C to to 

11 13 
VICR Common-mode input voltage range RS=50n V 

-10.5 
Full range to 

10.5 

25°C 10.5 
RL=1kn 

Full range 10 
VOM+ Maximum positive peak output voltage swing V 

25°C 12 
RL=2kn 

Full range 11 

25°C -10.5 -13 
RL=1kn 

Full range -10 
VOM- Maximum negative peak output voltage swing V 

25°C -12 -13.5 
RL=2kn 

Full range -11 

VO=±11V, RL=2 kn 25°C 2.5 45 

VO=±10V, RL=2kn Full range 2 
AVO Large-signal differential voltage amplification 

25°C 3.5 38 
VI!lV 

VO=±10V, RL= 1 kn 
Full range 1 

Ci Input capacitance 25°C 8 pF 

ZQ Open-loop output impedance 10=0 25°C 50 n 

VIC = VICRmin, 25°C 98 115 
CMRR Common-mode rejection ratio dB 

RS=50n Full range 95 

VCC±=±4Vto±18V, 
25°C 94 120 

kaVR Supply-voltage rejection ratio (AVCC±/AVIO) 
RS=50n 

dB 
VCC±=±4 Vto±18 V, 

Full range 92 
RS=50n 

25°C 7.3 10.6 
ICC Supply current VO=O, No load mA 

Full range 11.2 

t Full range IS O°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 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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TLE2227, TLE2227Y, TLE2237, TLE2237Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics at specified free-air temperature, Vcc± = ±15 V 

PARAMETER TEST CONDITIONS 

AVO =5, RL=2kn, 
SR Slew rate 

CL= 100pF 

RS=20Q, 1=10Hz 
Vn Equivalent input noise voltage 

RS=20Q, 1=1 kHz 

Vn(PP) Peak-to-peak equivalent input noise voltage 1=0.1 Hzt010Hz 

In Equivalent input noise current 
1=10Hz 

1= 1 kHz 

THO Total harmonic distortion 
VO=±10V, AVO=5V, 
See NoteS 

GBP Gain-bandwidth product 
1 = 100 kHz, RL=2 kQ, 
CL=100pF 

BOM Maximum output-swing bandwidth RL=2kn 

'm Phase margin RL=2kn, CL= 100pF 

t Full range IS O°C to 70°C. 
NOTE 5. Measured distortion 01 the source used in the analysis was 0.002%. 
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TAt 

25°C 

Full range 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 
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MIN 

4 

3 

35 

SLOS184 - FEBRUARY 1997 

TLE2237C 
UNIT 

TYP MAX 

5 
V/JLS 

3.3 8 
nV/.JHZ 

2.5 4.5 

50 250 nV 

1.5 4 
pAl.JHZ 

0.4 0.6 

<0.002% 

50 MHz 

80 kHz 

40° 
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TLE2227, TLE2227Y, TLE2237, TLE2237Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS184 - FEBRUARY 1997 

electrical characteristics, VCC± = ±15 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDmONS 
TLE2227Y 

MIN TYP 

VIO Input offset voHage 100 

Input offset voltage long-term drift (see Note 4) 0.006 

110 Input offset current 
VIC=O, RS=50n 

7.5 

liB Input bias current 15 

-11 -13 

VICR Common-mode input voHage range RS=50n to to 
11 13 

RL= 1 kn 10.5 
VOM+ Maximum positive peak output voltage swing 

RL=2 kn 12 

RL= 1 kn -10.5 -13 
VOM- Maximum negative peak output voltage swing 

RL=2 kn -12 -13.5 

VO=±11V, RL=2kn 2.5 45 
AVO Large-signal differential voltage amplilication 

VO=±10V, RL= 1 kn 3.5 38 

ci Input capacitance 8 

Zo Open-loop output impedance 10=0 50 

CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n 98 115 

ksVR Supply-voltage rejection ratio (/1VCC±//1VIO) VCC±=±4Vto±18V, RS=50n 94 120 

ICC Supply current VO=O, No load 7.3 

UNIT 
MAX 

350 j1V 

1 j1V1mo 

90 nA 

90 nA 

V 

V 

V 

Vlj1V 

pF 

n 

dB 

dB 

10.6 rnA 

NOTE 4. TYPical values are based on the mput offset voltage shift observed through 168 hours 01 operating hfe 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, VCC± = ±15 V, TA = 25°C 

TLE2227Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 
SR Slew rate RL=2kn, CL= 100pF 1.7 2.5 V/IlS 

RS=20n, 1= 10Hz 3.3 8 
Vn Equivalent input noise voltage 

RS=20n. 1= 1 kHz 2.5 4.5 
nVl'i'RZ 

VN(PP) Peak-ta-peak equivalent input noise voltage 1=0.1 Hz to 10Hz 50 250 nV 

1 = 10 Hz 1.5 4 
In Equivalent input noise current 

1=1 kHz 0.4 0.6 
pAl'i'RZ 

THO Total harmonic distortion 
VO=±10V, AVO=1, 

<0.002% 
See Note 5 

B1 Unity-gain bandwidth RL=2kn, CL= 100pF 7 13 MHz 

BOM Maximum output-swing bandwidth RL=2kn 30 kHz 

C\lm Phase margin RL=2kn CL= 100 pF 40° 

NOTE 5 Measured distortion of the source used in the analysis is 0.002%. 
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SLOS184- FEBRUARY 1997 

electrical characteristics at specified free-air temperature Vcc± = ±15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TLE2237Y 

UNIT 
MIN TYP MAX 

VIO Input offset voHage 100 350 ILV 

Input offset voltage long-term drift (see Note 4) 0.006 1 ILVlme 

110 Input offset current 
VIC=O, RS=50n 

7.5 90 nA 

liB Input bias current 15 90 nA 

-11 -13 
VICR Common-mode input voltage range RS=50n to to V 

11 13 

RL=l kO 10.5 
VOM+ Maximum positive peak output voHage swing V 

RL=2kO 12 

RL= 1 kO -10.5 -13 
VOM- Maximum negative peak output voltage swing V 

RL=2kO -12 -13.5 

VO=±ll V, RL=2kO 2.5 45 
AVO Large-signal differential voltage amplification 

VO=±10V, RL= 1 kO 3.5 38 
VlILV 

Ci Input capacitance 8 pF 

zO Open-loop output impedance 10=0 50 n 

CMRR Common-mode rejection ratio VIC = VICRmin, RS=50n 98 115 dB 

kSVR Supply-voltage rejection ratio (/WCC±//!"vIO) VCCt=±4Vto±18V, RS=50Q 94 120 dB 

ICC Supply current VO=O, No load 7.3 10.6 mA 

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 specified free-air temperature Vcc± = ±15 V 

PARAMETER TEST CONDITIONS 

SR Slew rate RL = 2 k{l, CL=loopF 

RS=20n, f=10Hz 
Vn Equivalent input noise voltage 

RS=20n, f= 1 kHz 

Vn(PP) Peak-te-peak equivalent input noise voltage f=O.l Hz to 10Hz 

f=10Hz 
In Equivalent input noise current 

f=lkHz 

THO Total harmonic distortion VO= ±10V, AVO=l, See Note 5 

Bl Unity-gain bandwidth RL = 2 k{l, CL= 100pF 

BOM Maximum output-swing bandwidth RL=2kO 

Iilm Phase margin RL=2kO, CL= 100pF 

NOTE 5. Measured distortion of the source used in the analYSIS IS 0.002%. 
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TLE2237Y 
UNIT 

MIN TYP MAX 

4 5 V/ILS 
3.3 8 

nVl...[Hz 
2.5 4.5 

50 250 nV 

1.5 4 

0.4 0.6 
pANHz 

<0.0020-"> 

35 50 MHz 

80 kHz 

400 
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PARAMETER MEASUREMENT INFORMATION 

6-386 

4kn 

>-----.- Vo 

4kn 

NOTE A: CL includes fixture capacitlince. 

Figure 1. Slew-Rate Test Circuit 

10kn 

1000 

>-....... ---+-- Vo 

NOTE A: CL includes fixture capacitance. 

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

2kn 

2kn 

Vo 

200 

Figure 2. Noise-Voltage Test Circuit 

>-....... --_Vo 

2kn 

NOTE A: CL includes fixture capacitance: 

Figure 4. Small-Signal Pulse
Response Test Circuit 
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II 
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TYPICAL CHARACTERISTICS 

Table of Graphs 

FIGURE 

Input offset voltage Distribution 5 
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Input offset current vs Free-air temperature 8 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 

INPUT BIAS CURRENT 
VB 
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Figure 10 
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TYPICAL CHARACTERISTICS 
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Figure 15 
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TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

va 
SUPPLY VOLTAGE 

TA=25·C 

RL=2 k.O 

RL=1 k.O 

4 8 12 16 
1 vcc± 1- Supply Voltage - V 

Figure 17 

20 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 

-'- I I 
I\. P~~hlft 

"""" , 
f\. 

AVO' 
\.. , 

\.. 

'\ 
\.. 

'\ 
VCC±=±15V " RL=2 k.O 
CL=1oopF 
TA=25·C 

SlOS1B4- FEBRUARY 1997 

o 
0.1 100 100k 

"r-.. It 
f - Frequency - Hz 

Figure 18 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655300 • DALlAS. TEXAS 75265 6-391 



TLE2227,TLE2227Y,TLE2237, TLE2237Y 
EXCALIBUR LOW-NOISE HIGH-SPEED. 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS184- FEBRUARY 1997 

50 

TYPICAL CHARACTERISTICS 
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Figure 19 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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f - Frequency - Hz 

Figure 24 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 

TLE2227 
VOLTAGE-FOLLOWER 

LARGE-8IGNAL 
PULSE RESPONSE 

VCC±=±15V 
RL = 2 k.O 
CL=100pF 
TA = 25°C 
See Figure 1 
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Figure 36 
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TLE2237 
VOLTAGE-FOLLOWER 

LARGE-SIGNAL 
PULSE RESPONSE 

VCC±=±15V 
AVD=5 
RL=2 k.O 
CL=100pF 
TA = 25°C 
SaeFigure 1 
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Figure 37 
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NOISE VOLTAGE 
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Figure 39 
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TYPICAL CHARACTERISTICS 

TLE2227 
UNITY-GAIN BANDWIDTH 

vs 
SUPPLY VOLTAGE 

RL= 2 k.O 
CL=100pF 
TA=25°C I 18 See Figure 3 1--+-+-+---+--1-+---1 
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TLE2237 
UNITY-GAIN BANDWIDTH 

vs 
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Figure 40 

TLE2227 
UNITY-GAIN BANDWIDTH 

vs 
LOAD CAPACITANCE 

52 

I Vcc± 1- Supply Voltage - V 

Figure 41 

TLE2237 
UNITY-GAIN BANDWIDTH 

vs 
LOAD CAPACITANCE 

VCC±=±15V 
VCC±=±15V 

" 
RL=2 k.O 
TA = 25°C 
See Figure 3 
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Figure 42 
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TYPICAL CHARACTERISTICS 

TLE2227 
SLEW RATE 

va 
FREE-AIR TEMPERATURE 

VCC±=±15V 
Avo=5 
AL=2kn 
CL=100pF 
See figure 1 
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TLE2237 
SLEW RATE 

V8 

FREE-AIR TEMPERATURE 

VCC±",±15V 
AVO=5 
AL=2kn 
CL=100pF 
See Figure 1 
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TYPICAL CHARACTERISTICS 

TLE2237 
PHASE MARGIN 

vs 
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Figure 48 

APPLICATION INFORMATION 

10000 

TLE2227 macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 6) and subcircuit in Figure 49 and Figure 50 are 
generated using the TLE2227C typical electrical and operating characteristics at 25°C. Using this information, 
output simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain bandwidth 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 6: G. R. Boyle, B. M. Cohn, D. O. Pederson, andJ. E. Solomon,"Macromodeling of Integrated Circuit Operational Amplifiers", IEEEJoumal 
of Solid-State Circuits, SC-9, 353 (1974). . . 

PSpice and Parts are trademarks of MicroSim Corporation. 

Macromodell, a1mulatlon models, or other models providad by n, 

=~~=I1:~W1"""r::~=="':lng: 
semiconductor product to whl:&' the model relates. ~1ExAs ... 
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APPLICATION INFORMATION 

TLE2227 macromoc:lel information (continued) 

VCC+ __ -. __ +-__ ~ __ ~3~ __ -r __ -+ __ -. 

+ 

rc1 e1 rc2 
rp 

r2 -=-
8 

din ffi92 
ro2 110 91 

+ dip + -

hllm -=- _ -=- _viP ':" +Vln 
IN+ ___tH--+----+---!~+___, 

IN- ___t~-t---I 

de ~gcm 
ro1 

M • 5 VCC--___t~~----~~----_+_+___t~~~--------------------~ 

Figure 49. Boyle Macromodel 

.subckt TLB2227 1 2 3 4 5 
* 

cl 
c2 
de 
de 
dlp 
db 
dp 
egnd 
fb 
ga 
gClll 
iee 
hlilll 
ql 
q2 
r2 
=1 
rc2 
rel 
re2 
ree 
rol 
ro2 
rp 
vb 
vc 
va 
vlilll 
vlp 
vlll. 

• model 
• model 
• ends 

11 12 4.003B-12 
6 7 20.00B-12 
5 53 dx 

54 5 dx 
90 91 dx 
92 90 dx 

4 3 dx 
99 0 poly(2) (3,0) (4,0) 0 .5 .5 

7 99 poly(5) vb vc va vlp vlll. 0 95'.886 
6 0 11 12 2.0628-3 
0 6 10 99 531.3B-12 

10 4 de 56.018-6 
90 0 vlilll lit 
11 2 13 qx 
12 1 14qx 

6 9 100.0B3 
3 11 530.5 
3 12 530.5 

13 10 -393.2 
14 10 -393.2 
10 99 3.571B6 

8 5 25 
7 99 25 
3 4 8.013B3 
9 0 de 0 
3 53 de 2.400 

54 4 de 2.100 
7 8 de 0 

91 0 de 40 
0 92 de 40 

dx D(Xs-800.08-18) 
qx RPR(Xs-800.0B-18 af-7.00083) 

Figure SO. TLE2227 Macromodel Subclrcult 
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TLE2227,TLE2227Y,TLE2237, TLE2237Y 
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PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS184- FEBRUARY 1997 

TLE2037 macromodel informat~n 
Macromodel information provided is derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 6) and subcircuit in Figure 51 and Figure 52 are generated using the TLE2237C typical 
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain bandwidth 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 
NOTE 6. G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon,"Macromodeling of Integrated Circuit Operational Amplifiers,· IEEEJoumsl 

of Solid-State Circuits, SC-9, 353 (1974). 

99 

rp 

IN+ --t~-+---+--'-'--+---, + 

IN- --tt-+-+---f r2 

2 dp ~ .6~_-4~~f~ __ ~~ 

de ~gcm 
ro1 

M a 5 
VCC--~-+---~-----r-r~ __ ~~---------~-' 

4 

Figure 51. Boyle Macromodel 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAllAS. TEXAS 75265 

OUT 

din 

92 
91 

+ dip + 
vip vln 

+ 
-::- -::- -::-



TLE2227, TLE2227V, TLE2237, TLE2237V 
EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS184- FEBRUARY 1997 

APPLICATION INFORMATION 

TLE2037 macromodel information (continued) 

• subekt 'l'LZ2227 1 2 3 4 5 
* 

el 
e2 
de 
de 
dlp 
dln 
dp 
egnd 
fb 
ga 
gem 
iee 
hlim 
ql 
q2 
r2 
rel 
re2 
rel 
re2 
ree 
rol 
ro2 
rp 
vb 
ve 
ve 
vlim 
vlp 
vln 

• medal 
• medal 
• ends 

11 12 4.003B-12 
6 7 20.00E-12 
5 53 dx 

54 5 dx 
90 91 dx 
92 90 dx 

4 3 dx 
99 0 poly(2) (3,0) (4,0) 0 .5 .5 

7 99 poly(5) vb ve va vlp , vln 0 954.8E6 
6 0 11 12 2.062E-3 
0 6 10 99 531.3E-12 

10 4 de 56.01E-6 
90 0 vlim lit 
11 2 13 qx 
12 1 14 qx 

6 9 100.0E3 
3 11 530.5 
3 12 530.5 

13 10 -393.2 
14 10 -393.2 
10 99 3.571B6 

8 5 25 
7 99 25 
3 4 8.013E3 
9 0 de 0 
3 53 de 2.600 

54 4 de 2.100 
7 8 de 0 

91 0 de 40 
0 92 de 40 

dx D(Is=800.0E-18) 
qx NPN(Is=800.0E-18 Bf=7.000E3) 

Figure 52. TLE2237 Macromodel Subcircuit 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

-lB9 lE9 lE9 -lE9 

6-403 



TLE2227,TLE2227Y,TLE2237,TLE2237Y 
EXCALIBUR LOW-NOISE HIGH-SPEED 
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APPLICATION INFORMATION 

voltage-follower applications 

The TLE22x7C 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. A feedback resistor is recommended to limit the current to a maximum of 1 mA to prevent degradation 
of the device. Also, this feedback resistor forms a pole with the input capacitance of the device. For feedback 
resistor values greater than 10 kn, this pole degrades the amplifier's phase margin. This problem can be 
alleviated by adding a capacitor (20 pF to 50 pF) in parallel with the feedback resistor (see Figure 53). 

CF= 20 to 50 pF 

+- IF:=;1 mA 

>--.... -Vo 

Figure 53. Voltage-Follower Circuit 
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TLE2301 
EXCALIBUR 3-5TATE-OUTPUT WIDE-BANDWIDTH 

POWER OPERATIONAL AMPLIFIER 

• High Output Drive Capability ••• 1 A Min 

• 3-State Outputs 
• High Gain-Bandwidth Product 

8 MHzTyp 

• Low Total Harmonic Distortion 
<O.08%Typ 

• High Slew Rate ••. 12 VlIlS Typ 
• Class AB Output Stage 

• Thermal Shutdown 
• Mains-Line Driver Circuit Application 

Included 

description 

The TLE2301 is a power operational amplifier that 
can deliver an output current of 1 A at high 
frequencies with very low total harmonic 
distortion. The device has an integral 3-state 
mode to drive the output stage into a 
high-impedance state and also to reduce the 
supply current to less than 3.5 mA. 

The combination of high output current and 
3-state outputs makes the TLE2301 ideal for 
implementing the signalling transformer driver in 
mains-based telemetering modems. This 
combination of features also makes the device 
well suited for other high-current applications 
(e.g., motor drivers and audio circuits). 

Using the Texas Instruments established 
Excalibur process, the TLE2301 is able to achieve 
slew rates in excess of 12 VljlS and a gain
bandwidth product of 8 MHz. The TLE2301 uses 
a 16-pin NE power package to provide better 
power handling capabilities than standard dual-in
line packages. 

The TLE2301 is characterized for operation over 
the industrial temperature range of -40°C to 
85°C. 
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COMP2 

Vcc+ 
OUT1 

Vcc+ 
TRS2 

NEPACKAGE 
(TOP VIEW) 

COMP1 

Vcc-
1N+ 

Vcc
Vcc-

11 IN-

Vcc
TRS1 

TerminalS 4, 5, 12 and 13 are 
connected to the lead frame. 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

VCC±=±5V or 
TA = 25°C 

RL~4.3n\ -~ 
RL=8.1 n \ 

RL=20n 

l , 
~ 
'-100 1 k 10k lOOk 1M 10M 

f - Frequency - Hz 

Figure 1 

AVAILABLE OPTION 

TA 

-40°C to 85°C 

PACKAGE 

Vlomax AT 25°C THERMALLY-ENHANCED 
PLASnCDIP 

(NE) 

10mV TLE23011NE 

~TEXAS 
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equivalent schematic (entire device) 

COMP1 COMP2 

TRS1 

IN+ IN-

equivalent schematic (TRS1 and TRS2 inputs) 
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TERMINAL 

NAME NO. 

eOMP1 16 
eOMP2 1 

IN+ 14 

IN- 11 

OUT1 3 
OUT2 6 

TRS1 9 
TRS2 8 

Vee- 10,15 

Vec- 4,5, 
12, 13 

Vec+ 2, 7 

TLE2301 
EXCALIBUR 3-STATE-OUTPUT WIDE-BANDWIDTH 

POWER OPERATIONAL AMPLIFIER 
SLOS131- DECEMBER 1993 

Terminal Functions 

DESCRIPTION 

eOMP1 and eOMP2 are compensation network terminals 

Noninverting input 

Inverting input 

Two low-distortion class·AB output stages. Each is capable of sourcing more than 500 mA. OUT1 and OUT2 should be 
connected together for all applications. 

TRS1 and TRS2 are 3-state input terminals. TRS2 should be connected to the ground of the circuit generating the 3-state 
command (normally I1P ground). The TLE2301 is brought into 3-state mode by raising TRS1 2 V above TRS2. Placing the 
TLE2301 in a 3-state mode reduces the supply current to below 2.2 mA (typ). Normal operation resumes by bringing TRS1 
to within 0.8 V of TRS2. The 3-state function can be disabled by connecting both TRS1 and TRS2 to Vee-. 

High-impedance Vee- input terminals. Although these do not carry any of the device's supply current, they increase the 
stability of the device and should be connected to the negative supply terminal (Vee-). 

Negative supply terminals and substrate. As with all NE packages, the substrate is directly connected to the lead frame. 
The result is that the junction-to-ambient thermal impedance (ZeJAl is greatly reduced by soldering the negative supply 
terminals to the copper area of the printed·circuit board (PCB). 

Positive supply terminals. Both terminals should be connected to the positive voltage supply. 

~TEXAS 
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TLE2301 
EXCALIBUR 3-STATE-OUTPUT WIDE-BANDWIDTH 
POWER OPERATIONAL AMPLIFIER 
SLOS131 - DECEMBER 1993 

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

Supply voltage, Vcc+ (see Note 1) .......................................................... 22 V 
Supply voltage;Vcc_ (see Note 1) .........................•............................... -22 V 
Differential input voltage, VIO (see Note 2) .................................................. ±44 V 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total dissipation at (or below) 25°C free.-air temperature (see Notes 4 and 5) ....... 2075 mW 
Continuous total dissipation at 85°C case temperature (see Note 5) ......................... 4640 mW 
Operating free-air temperature range, T A ........................................... -40°C to 85°C 
Operating case or virtual junction temperature range' ................................ -40°C to 150°C 
Storage temperature range ....................................................... - 65°C to 150°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 no! 
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 VCC+ and VCC-. 

6-408 

2. Differential voltages are at IN+ with respect to IN-. 
3. The outputs when connected together may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure 

that the maximum dissipation rating is not exceeded. 
4. For- operation above 25°C free-air temperature, derate linearly at the rate of 16.56 mW/oC. 
5. For operation above 25°C case temperature, derate linearly at the rate of 71.4 mW/oC. To avoid exceeding the design maximum 

virtual junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics 
and thennal resistance, the built-in thennal overload protection may be activated at power levels slightly above or below the rated 
dissipation. 

2.5 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

Derating Factor = 16.56 mWrC 
Z9JC = 60.4°ClW 
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TA - Free-Air Temperature - °C 
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CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

"-
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~ 

"-
"-

Derating Factor = 71.4 mWrC 
Z9JC = 14°ClW 

I I 
25 50 75 
TC - Case Temperature - °c 
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TLE2301 
EXCALIBUR 3-STATE-OUTPUT WIDE-BANDWIDTH 

POWER OPERATIONAL AMPLIFIER 
SLOS131-DECEMBER 1993 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, VCC± ±4.5 ±20 V 

IVCC±=±5V -4 1.6 V 
Common-mode input voltage, VIC 

IVCC±=±15V -14 11.8 V 

High-level 3-state enable voHage, VIH 2 V 

Low-level 3-state enable voltage, VIL 0.8 V 

Continuous output current 1 A 

Operating free-air temperature, TA -40 85 °C 

electrical characteristics at specified free-air temperature, Vcc± = ±5 V, Cc = 15 pF (unless 
otherwise noted) (see Figure 5) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX UNIT 

Vo=O, VIC=O, 25°C 0.4 7 
VIO Input offset voltage mV 

RS=50n Full range 10 

VO=O, VIC=O, 25°C 283 450 
liB Input bias current nA 

RS=50n Full range 500 

-4 
VICR Common-mode input voltage range RS=50n Full range to V 

1.6 

25°C 3.3 3.5 
VOM+ Maximum positive peak output voltage swing RL =200. See Note 6 V 

Full range 3.2 

25°C -3.2 -3.4 
VOM- Maximum negative peak output voltage Swing RL=20o, See Note 6 V 

Full range -3.1 

VO=±2V, VIC=O, 25°C 65 87 
AVO Large-signal differential voltage amplification dB 

RL=20n FuUrange 60 

ri Differential input resistance 25°C 1 Mn 

TRSl =0.8V 1 n 
ro Output resistance (see Note 7) 25°C 

TRSl =2V, 3-state mode 100 kn 

CMRR Common-mode rejection ratio VIC = VICRmin, VO=O, 25°C 65 88 dB 
RS=50n 

ksVR Supply-voltage rejection ratio (aVCC± laVIO) 
VCC± = ±4.5 V to ±20 V, 25°C 70 100 dB 
VIC=O, No load 

25°C 0.01 0.5 
IIH Enable input current, high VI=2V, 3-state mode I1A 

Full range 0.5 

25°C 0.01 0.5 
IlL Enable input current, low VI =0.8 V 

Full range 0.5 
I1A 

lOS Short-circuit output current (see Note 8) VO=O, tp';;501J.S 25°C 1 1.8 A 

25°C 10 21 
VO=o, No load 

Full range 25 
ICC Supply current mA 

VO=O, No load, 25°C 1.73 2.7 
3-state mode Full range 3.5 

t Full range IS -40°C to 85°C. 
NOTES: 6. oun and OUT2 are connected together for all tests. 

7. TRSl voltage Is measured with respect to TRS2 potential. 
8. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 

effects must be taken into account separately (tp = pulse duration time). 
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POWER OPERATIONAL AMPLIFIER 
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electrical characteristics at specified free-air temperature, Vcc± = ±15 V, Cc = 15 pF (unless 
otherwise noted) (see Fig~re 5) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX UNIT 

Vo=o, VIC=O, 25°C 0.3 10 
VIO Input offset voltage mV 

RS=50n Full range 15 

VO=O, VIC=O, 25°C 260 450 
liB Input bias current nA 

RS=50n Full range 500 

-14 
VICR Common-mode input voltage range RS=50n Full range to V 

11.8 

25°C 13 13.5 
VOM+ Maximum positive peak output voltage swing RL=20n. See Note 6 V 

Full range 13 

25°C -12.6 -13 
VOM- Maximum negative peak output voltage swing RL=20n, See Note 6 V 

Full range -12.5 

VO=±6V, VIC=O, 25°C 70 102 
AVD Large-signal differential voltage amplification dB 

RL=20n Full range 65 

. I] . Differential input resistance 25°C 1 Mn 

TRSl =.0.8V 1 n 
ro Output resistance (see Note 7) 25°C 

TRSl =2V, 3-state mode 100 kG 

CMRR Common-mode rejection ratio VIC = VICRmin, VO=O, 
25°C 70 97 dB 

RS=50n 

kSVR Supply-voRage rejection ratio (.1VCC±I,WIO) 
VCC± = ±4.5 V to ±20 V, 

25°C 70 100 dB 
VIC=O, No load 

25°C 0.01 0.5 
IIH Enable input current, high VI=2V, 3-state mode IIA 

Full range 0.5 

25°C 0.Q1 0.5 
IlL Enable input current, low VI =0.8V 

Full range 0.5 
IIA 

lOS Short-circuit output current (see Note 8) VO=O, Ip S50 llS 25°C·. 1 3 A 

25°C 11 25 
VO=O, No load 

Full range 30 
ICC Supply current rnA 

VO=O, No load, 25°C 2.2 3.5 
3-state mode Full range 5 

t Full range is -40·C to 85°C. 
NOTES: 6. OUTl and OUT2 are connected together for all tests. 

7. TRSl voltage is measured with respect to TRS2 potential. 
8. Pulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal 

effects must be taken into account separately (tp = pulse duration time). 
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operating characteristics at specified free-air temperature, Vcc± = ±5 V, Cc = 15 pF, TA = 25°C 
(unless otherwise noted) (see Figure 5) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

SR Slew rate at unity gain (see Figure 1) 
VO=±1.5V. RL=20n, 

9 12 V/IIB CL=100pF 

Is Settling time (see Figure 1) RL=20n, CL = 100 pF. 
0.7 lIB 3-V step to 30 mV (1%) 

Vn Equivalent input noise voltage (see Figure 2) RS=50n, 1= 1 kHz 44 nVNHz 

THO Total harmonic distortion 
VO= 1 Vrms• 1=50 kHz. 

0.04% 
RL=20n, CL= l00pF 

B, Unity-gain bandwidth (see Figure 3) RL=20n, CL= 100 pF 8 MHz 

.m Phase margin at unity gain (see Figure 3) RL=20n, CL= l00pF 30° 

operating characteristics at specified free-alr temperature, Vcc± = ±15 V, Cc = 15 pF, TA = 25°C 
(unless otherwise noted) (see Figure 5) 

SR 

Is 

Vn 

THD 

B, 
.m 

PARAMETER TEST CONDITIONS 

Slew rate at unity gain (see Figure 1) 
VO=±10V. RL=20n, 
CL= 100 pF 

Settling time (see Figure 1) RL=20n, CL = 100 pF. 
2O-V step to 200 mV (1 %) 

Equivalent input noise voltage (see Figure 2) RS=50n, 1=1 kHz 

Total harmonic distortion 

Unity-gain bandwidth (see Figure 3) 

Phase margin at unity gain (see Figure 3) 

VO=2Vrms• 
RL=20n, 

RL=20n, 

RL=20n, 

~TEXAS 
INSTRUMENTS 

f=50kHz. 
CL=I00pF 

CL= 100 pF 

CL=I00pF 

POST OFFICE SOX 8155303 • DALLAS. TEXAS 15285 

MIN TYP MAX UNIT 

9 14 V/IIB 

1.8 lIB 

44 nVlVHz 

0.08% 

8 MHz 

35° 
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PARAMETER MEASUREMENT INFORMATION 

NOTE A: CL. includes the fixture capacitance. 

5kn 

vo 

Figure 2. Slew-Rate Test Circuit Figure 3. Noise-Voltage Test Circuit 

10kn 

NOTE A: CL. Includes the fixture capacitance. 

Figure 4. Gain-Bandwidth and 
Phase-Margin Test Circuit 

RZ 

Co 
15pF 

Figure 5. Compensation Configuration 

typical value. 

11-412 

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

Table of Graphs 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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APPLICATION INFORMATION 

circuit for mains-line driver over 40-kHz-to-90-kHz utility band 

The following application is a circuit for a mains-line driver over 40-kHz-to-90-kHz utility band and is based 
aroundthe European standard (EN56065-1) describing utility and consumer applications. This example shows 
a possible implementation for differential transmission on the mains line. This applications circuit is designed 
around the requirements of a domestic electricity meter operating over a utility band of 40 kHz to 90 kHz. A 
dual-rail power supply of ±5 V is used for this design example to limit device power disSipation. The same design 
principles, however, can be applied to other applications. 

frequency band 

The frequency band for utility applications extends over an enormous range from 3 kHz to. 95 kHz. ·In order to 
have a coupling network that is economical and implemented with readily available components, this circuit is 
designed for a subband from 40 kHz to 90 kHz. 

This subband is sufficiently wide to support multichannel operation; i.e., 10 channels of 5 kHz width or more if 
the channel widths are smaller. To avoid transmission spillover into the next band, a guard band of 5 kHz is 
allowed. The upper frequency of this circuit is set to 90 kHz, and the lower frequency is chosen for an economical 
coupling netwo~k and still has sufficient bandwidth to support multichannel operation. 

output drive 

The impedance of the mains network at these signalling frequencies is relatively low «1 0 to 30 0). This circuit 
has been designed to drive a 4-0 mains line over the 40-kHz-to-90-kHz bandwidth. 

The signalling impedance of the mains network fluctuates as different loads are switched on during the day or 
over a season, and it is influenced by many factors such as: 

• Localized loading from appliances connected to the mains supply near to the connection of the 
communication eqUipment; e.g., heavy loads such as cookers and immersion heaters and reactive loads 
such as EMC filters and power factor correctors 

• Distributed loading from consumers connected to the same mains cable, where their collective loading 
reduces the mains signalling impedance during times of peak electricity consumption; e.g., meal times 

• Network parameters; e.g., transmission properties of cables and the impedance characteristics of 
distribution transformers and other system elements 

With such a diversity of factors, the Signalling environment fluctuates enormOUSly, irregularly, and can differ 
greatly from one installation to another. The signalling system should be designed for reliable communications 
over a wide range of mains impedances and signalling conditions. Consequently, the transmitter must be able 
to drive sufficient signal into the mains network under these loading conditions. 

The TLE2301 amplifier has 1-A output drive capability with short-circuit protection; hence, it adequately copes 
with the high current demands required for implementing mains signalling systems. 

3-state facility 

6-418 

When transmitting, the transmitter appears as a low-impedance signal source on the mains network. If 
transmitters are left in the active mode whether transmitting or not and a large number of transmitters are 
installed in close proximity, their combined loading would reduce the mains impedance to unacceptable levels. 
Not only would each transmitter need to drive into an extremely low mains impedance, but signals arriving from 
distant transmitters would be severely attenuated. 

To overcome this problem, the transmitters need to present a high impedance to the mains network when they 
are not transmitting. The mains network is then only loaded by a few transmitters at anyone time, and the mains 
signalling impedance is not adversely affected. ' 
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APPLICATION INFORMATION 

3-state facility (continued) 

The TLE2301 incorporates an output 3-state facility, removing the need for additional circuitry to achieve this 
function. In addition, the TLE2301 has a low standby current in the 3-state mode, making it ideal for applications 
where low power consumption is also essential. 

clrcuH configuration 

The design methodology is to minimize power dissipation in the TLE2301 by maximizing the use of the available 
output voltage swing of the amplifier. The amplifier's output can swing to within 2 V of the supply rail before 
saturation begins. With a chosen supply of ± 5 V, the maximum peak-to-peak voltage swing is 6 V. To ensure 
that the amplifier's output is not likely to clip under heavy loads, the maximum output voltage swing has been 
reduced by 0.5 V, giving a usable peak-to-peak output voltage swing of 5.5 V. 

It is assumed that the input signal to the transmitter stage has a peak-to-peak amplitude of 2.8 V (1 Vrms) as 
might be expected if the transmission signal is digitally synthesized by circuitry operating solely from the 5-V 
supply. The gain of the amplifier stage is appropriately set to: 

Gain _ peak-to-peak output voltage swing 
- peak-to-peak input voltage 

= 5.5 V 
2.8 V 

=; 1.96 

An inverting amplifier configuration is chosen for this example, as the input Signal source is assumed to have 
a relatively low impedance in relation to the gain-setting resistors. 

RF 
CI 4.71<0 

100nF 
----' 11 VI ----If---'VVI~t----'-'-I 

TRS1 
(3-state control) 

. RI 
2.41<0 

14 
9 

CF1 cF2 
15pF 39pF 

3 

RS 
3.30 

D1 
1N4001 D2 

1N4001 

~ .. ------e---~--~5V 

~e-'-~~-----r------.. ---5V 

CD1 
220I1F + 

CD3 
100nF 

CD4 
100nF 

OV----------~~------~~_*------~----~~----~ 

Figure 24. Full-Clrcult Diagram for Utility Band 

Cc 
470nF 

Ilrl~ Meine 
~SUpply 

L1 
P2820 

A noninverting amplifier configuration could be used when the input signal needs to be terminated with high 
impedance, but the user should take care that the amplitude of the input signal does not exceed the 
common-mode input range (-4 V < VICM < 1.8 V at VCC = ± 5 V) for low-gain implementations. 
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APPLICATION INFORMATION 

component calculations 

The following sections contain the calculations for input capacitors, gain resistors,coupling network, coupling 
capacitors, transformer-leakage inductance, series resistors, decoupling, and frequency compensation. 

input capacitor 

The incoming signal is ac coupled to remove any incoming dc offset and to provide only unity gain for the 
amplifier's input offset voltage. The value of 100 nF is chosen for this input capacitor as it has very little influence 
on the amplifier's signal gain over the frequency band. 

gain resistors 

The gain-setting resistors are chosen for a gain of 1.96; i.e., choosing: 

RF 
Gain --Rj" 

RF = 4.7 kQ and RI 

= 4.7 kQ 
2.4 kQ 

= 1.96 

2.4 kQ 

The resistor values are low enough to ensure that the circuit does not suffer from stray capacitance and signal 
pick-up problems but not too low as to significantly load the mains impedance when the amplifier is in its 
high-impedance state. 

coupling network 

The function of the line interface is to provide isolation from the mains supply while coupling the communication 
signals onto the mains network. As the mains voltage is large in comparison with the communication signals, 
the mains voltage needs to be isolated from the electronic circuitry. The simple coupling network limits the 
current flowing from the mains supply as well as providing a convenient pOint at which to implement the safety 
isolation barrier between the mains supply and the communications circuitry. The transformer can easily 
achieve an isolation of 4 kV between primary and secondary windings, and the capacitor provides the low 
frequency roll-off to impede the mains voltage. 

The transformer has two other useful properties. First, the turns ratio can be selected to provide efficient power 
transfer between the TLE2301 amplifier and the mains network. Second, the transformer possesses leakage 
inductance that can be tuned with the coupling capacitor to form a band-pass filter. 

By altering the turns ratio, the power dissipated in the TLE2301 can be reduced while maintaining the required 
voltage levels on the mains line. A tums ratio of 1.67:1 was selected in this design to apply a 120-~dBV signal 
onto the mains line. The calculation for the tums ratio is not straightforward due to the presence of numerous 
complex impedances. The simplest method for deriving the turns ratio is to model the circuit with an analog 
simulation program such as PSpice TM. It is from these simulations that the 1.67:1 tums ratio has been selected. 

PSpice is a registered trademark of MlcroSim Corporation. 
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APPLICATION INFORMATION 
coupling capacitor 

With such a wide frequency band, the quality factor of the coupling filter needs to be low in order to avoid 
unacceptably large attenuation at the band edges and to achieve a good coupling performance that is 
insensitive to a wide range of loads. For a band-pass filter of this configuration, the quality factor is proportional 
to the reciprocal of the coupling capacitance. For low Q, the value of Cc needs to be large. 

Q = quality factor and Cc = coupling capacitor 

Q oc _1_ 
Cc 

Counterbalancing this need for a large value of Cc creates two more considerations. First, the capacitance 
should not be so large as to allow significant 50-Hz mains current through the transformer (I = 2 x 1t X f x Cc 
x V). Second, the coupling capacitor is required to meet certain safety standards. The coupling capacitor is 
actually an RFI-suppression capacitor that has been designed by the manufacturers to provide an adequate 
level of protection when connected across the various conductors of the mains supply (consult the UL 1283 or 
UL 1414 standards for RFI capacitors). These types of capacitors can be expensive, physically large, restricted 
in capacitance value, and limited in the number of manufacturers. . 

As a reasonable compromise between all these factors, a coupling capacitor of 470 nF is chosen. This value 
is multisourced, moderately priced, limits the mains current through the transformer to less than 36 mA rms, and 
has sufficient capacitance to form the desired low-Q filter. 

transformer leakage inductance 
The transformer leakage inductance, inherent to the transformer, can be used to form an LC band-pass filter. 
If the capaCitor alone is used to couple onto the mains network, its capacitance value needs to be quite large 
for it to have a reasonably low reactance at the signalling frequencies. Forming an LC filter greatly reduces the 
value of capacitor required. The center frequency of the filter is not the same as the midband frequency of 
65 kHz. Band-pass filters show a symmetrical shape only when plotted against the logarithm of frequency, so 
the center frequency (fo) is given by the following formula: 

fo jflower x fupper 

/(40 x 90) kHz 

60 kHz 

The leakage inductance of the transformer, as viewed from the winding connected to the coupling capacitor, 
is derived from 21tfo = 1 /-.JIG. The required leakage inductance of the transformer is: 

L = 1 
(21tfo)2 x Cc 

1 
(21t X 60 kHz)2 x 470 nF 

15 ~H 

Transformer Leakage Inductance 

r--------J~,--------~ "'__ __, Capacitor 

_-fYYY"I_~-=~II~,-------,ryyy-,'-----iIE-

Figure 25. Band-Pass Coupling Filter 
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APPLICATION INFORMATION 

series resistor 

6-422 

The series resistor, Rs, is included to limit the tum-on current, the amplifier's offset current, and the signalling 
current through the filter. With dual supply rails, there is always a potential problem of large turn-on currents as 
the amplifier powers up. If one supply rail turns on before the other, the output of the TLE2301 amplifier could 
saturate near to the applied supply rail, causing a large current to flow through the transformer winding 
(Rwinding = 0.1 Q for the P2820 transformer). The power supply needs to be of sufficient rating to ensure that 
its rails could rise to the minimum operating voltage of the amplifier, at which point the amplifier is ensured to 
have returned to stable operation. 

With a series resistor of 3.3 Q and assuming the output saturates at the maximum peak-to-peak voltage 
excursion of 3 V, this turn-on current is limited to less than the device's 1-A rating (Itransient = 3 V /3.3 Q 
= 0.91 A). Further reduction of this turn-on current by raising the value of the series resistor deteriorates the 
filter's performance into low Signalling impedances on the mains network. 

Alternatively, this turn-on current could be blocked by means of a series capacitor, but for this frequency band 
the capacitor has to be large in value (~3.3I1F) so as not to adversely affect the filter. A nonpolarized capacitor 
of this value is relatively expensive, and the resistor is still required to fulfill other functions. 

Another way of preventing overcurrent at power up is to use the TLE2301 3-state mode. As the TRS2 control 
line is intended to be tied to the microprocessor's O-V rail, the TRS1 control line must be taken high to activate 
the 3"state mode, which implies that the positive rail is required to turn on first. Other schemes could be devised 
to take TRS2 below the O-V rail until the power supply has stabilized if the negative rail turns on first. Instead 
of relying on a definite power-supply sequence or elaborate control circuitry, it is simpler to limit the current either 
with a series resistor or capacitor. 

The second function of the series resistor is to limit the dc current flow through the transformer winding due to 
the dc offset at the amplifier's output, which is caused by its input offset voltage. For a worst case input offset 
of 20 mV, the output offset is also 20 mV as the dc gain of the circuit is unity. Offsets due to input bias currents 
are negligible since the values of the gain-setting resistors are low. The dc current through the transformer is 
therefore less than 7 mA (20 mV/3.3 Q). This low level of dc current does not appreciatively increase the power 
dissipation of the amplifier or noticeably diminish the harmonic performance of the transformer. 

The final function of the series resistor is to limit the signalling current in the event that the mains impedance 
might appear as solely reactive; i.e., without a resistive component. As a rough estimate, the peak signal current 
from the amplifier is: 

where: 

(5.52 V) 
VO(PP) 

10M = --- = -- = 833 mA 
RS 3.3 Q 

Peak-to-peak output voltage swing 

Peak-output-signalling current from amplifier 
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series resistor (continued) 

TLE2301 
EXCALIBUR 3-STATE-OUTPUT WIDE-BANDWIDTH 

POWER OPERATIONAL AMPLIFIER 
SLOS131- DECEMBER 1993 

APPLICATION INFORMATION 

Again, the value of the series resistor is sufficient to limit the peak-signal current below the device's maximum 
rating. This calculation does not take into account other resistive impedances in the signal path, which would 
further reduce the peak signal current from the amplifier. 

decoupllng 

Power-supply decoupling for the amplifier is provided by a 220-~F electrolytic capacitor and a 1 OO-nF ceramic 
capacitor per supply rail located close to the supply terminals of the TLE2301 device. 

The decoupling capacitors for the negative supply should be connected to a pair of VCC- terminals (4 and 5 or 
12 and 13), whichever pair is most convenient from a printed-circuit-board (PCB) layout point of view. In order 
to minimize parasitic lead inductances, these capacitors should be located as close as possible to the device 
terminals to which they are connected. As the VCC+ terminals are not adjacent on the package, the decoupling 
capacitors should be connected to one terminal with a thick PCB track going to the other terminal. 

The 220-~F electrolytic capacitor is chosen to provide good decoupling performance (less than 25-mV ripple 
under the worst-case loading for the utility circuit). This value could be reduced to 1 00 ~F for higher-frequency 
consumer bands. The level of ripple depends on the source impedance of the power supply and the equivalent 
series resistance of the chosen decoupling capacitors. The 1 OO-nF ceramic capacitor provides high-frequency 
decoupling for the amplifier. 

CF1 CF2 
lSpF 39pF 

11 

3 

14 6 

100nF 

VCC----.... 

+ 
--~--~----------~--~------ov 

Figure 26. Amplifier Decoupling and Compensation 
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TLE2301 
EXCALIBUR 3·STATE·OUTPUT WIDE·BANDWIDTH 
POWER OPERATIONAL AMPLIFIER 
SLOS131- DECEMBER 1993 

APPLICATION INFORMATION 

frequency compensation 

The TLE2301 amplifier requires one compensation capacitor. However, when driving heavy loads, stability can 
be increased by connecting V CC-terminals 10 and 15 to VCC-terminals 12 and 13 and using anothercapacitor 
between COMP2 and the outputs. The circuit included in this application has been designed with two 
compensation capacitors. The component values chosen are: 

CF1 = 15 pF 

CF2 = 33 pF 

These component values could be adjusted if the amplifier is used for higher-frequency applications. 

power dissipation 

The impedance of the mains network fluctuates greatly for many reasons, but its impedance at the supply
distribution transformer is typically very low, less than 1 n, whereas the mains impedance in a house commonly 
has a higher value, from 4 n to 40 Q. For utility-metering applications, a master transmitter may be sited at the 
supply-distribution transformer and would need to deliver more power into the mains network than the 
household transmitter when generating comparable signal amplitudes. . 

NE thermally-enhanced dual In-line package 

6-424 

The TLE2301 utilizes the four center terminals of the dual-in-line package (NE) to transfer heat to a copper area 
on the PCB. A copper area of 1290 mm2 provides a junction-to-ambient thermal impedance, ZIlJA, of 34°C/W, 
allowing the device to dissipate up to 1.9 W at 85°C for a junction temperature of 150°C or up to 1.5 W at 85°C 
for a junction temperature of 135°C. 

:~ 14mm 

TLE2301 

JUNCTION-TO-AMBIENT THERMAL 
IMPEDANCE 

vs 

~ 
I 

8 c .. 
I 
.5 

DIMENSIONS 
50 

\ 
\ 

45 

r 
iii 

li 
(:. 
c 
~ 
E 
"f '" 

40 

35 

30 
0 .... 
c 

~ c 25 
= .., 
I 

~ 20 
CD 

N o 10 20 30 

d - Dimensions - mm 

NOTE: When d = 25 mm, Ze.iA = 34°C/W 

Figure 27. PCB Heatslnk 
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TLE2301 
EXCALIBUR 3-STATE-OUTPUT WIDE-BANDWIDTH 

POWER OPERATIONAL AMPLIFIER 
SLOS131-DECEMBER 1993 

APPLICATION INFORMATION 

power dissipation in amplifier 

For sinusoidal waveforms, the dissipation in the amplifier, PAMP, is: 

where: 

ICC = Amplifier's quiescent current 

10M = Peak-output-signalling current from amplifier 

Po = Output power consumed by coupling network and load 

The power dissipated in the amplifier is minimized ifthe amplifier's peak output current, 10M, is minimized. Since 
the output power consumed by the coupling and load is a function of current and voltage (Po'" 10 x VO), the 
amplifier's peak output current can be minimized by maximizing the amplifier's output voltage swing. 

circuit parts list 

The associated parts list is: 

REFERENCE FIGURE 
ICl Figure 24, Figure 26 

Ll Figure 24 

Cc Figure 24 

CI Figure 24 

CFI Figure 24, Figure 26 

CF2 Figure 24, Figure 26 

COl, CO2 Figure 24 

C03, C04 Figure 24 

RF Figure 24 

RI Figure 24 

RS Figure 24 

01,02 Figure 24 

COMPONENT DESCRIPTION 
TLE2301 operational amplifier Texas Instruments TLE230lNE 

1.67: I, 15-I1H leakage transformer Electronics Techniques P2820 (European manufacturer) 

470-nF capacitor Metalized paper, safety standards UL 1414 

lOO-nF capacitor Ceramic, general purpose 

15-pF capac~or Ceramic, general purpose 

39-pF capacitor Ceramic, general purpose 

220-I1F, IO-V min capacitors Aluminum electrolytic, general purpose 

1 OO-nF capacitors Ceramic, general purpose 

4.7-k.Q, O.125-W min resistor Metal film, general purpose 

2.4-k.Q, O.125-W min resistor Metal film, general purpose 

3.3-k.Q, l-W min, resistor 

IN4001 series, l-A min diodes General purposa 
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TLE2662 
DUAL ~POWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 

• Single-Supply Operation With Rail-to-Rail 
Inputs 

• VOL = 0.000 V While Sinking 25 mA 
• Wide Vee Range ••• 3.5 V to 15 V 
• SCOUT Supplies up to 100 mA for External 

Loads 

• Shutdown Mode 
• External 2.5-V Voltage Reference Available 

description 

The TLE2662 offers the advantages of JFET-input 
operational amplifiers and rail-to-rail common-

OW PACKAGE 
(TOP VIEW) 

lOUT 
l1N
l1N+ 3 

Vcc- 4 
SCOUT 
SCREF 

OSC 
SCIN 

Vcc+ 
20UT 
21N-
21N+ 
CAP
GND 
CAP + 
FB/SD 

1994 

mode input voltage range with the convenience of single-supply operation. By combining a switched-capacitor 
voltage converter with a dual operational amplifier in a single package, Texas Instruments now gives circuit 
designers new options for conditioning low-level signals in single-supply systems. 

The TLE2662 features two low power, high-output drive JFET-input operational amplifiers with a switched
capacitor building block. Using two external capacitors, the switched-capacitor network can be configured as 
a voltage inverter, generating a negative supply voltage capable of sourcing up to 100 rnA. This supply functions 
not only as the amplifier negative rail but is also available to drive external circuitry. In this configuration, the 
amplifier common-mode input voltage range extends from the positive rail to below ground, providing true 
rail-to-rail inputs from a single supply. Furthermore, the outputs can swing to and below ground while sinking 
over 25 rnA. This feature was previously unavailable in operational amplifier circuits. The TLE2662 operational 
amplifier section has output stages that can drive 100-0 loads to 2.5 V from a 5-V rail. With a 10-ke load, the 
output swing extends to 3.5 V and can include the positive rail with a pullup resistor. 

This operational amplifier offers the high slew rate, wide bandwidth, and high input impedance commonly 
associated with JFET-input amplifiers, making the TLE2662 operational amplifier section suited for amplifying 
fast signals without loading the signal source. When not sourcing or sinking current into a load, the amplifier 
consumes only microamperes of supply current, thereby reducing the drain on and extending the life of the 
power supply. 

The TLE2662 features a shutdown pin (FB/SO), which can be used to disable the switched capacitor section. 
When disabled, the voltage converter block draws less than 150 !1A from the power supply. This feature, 
combined with the operational amplifier's low quiescent current, makes the TLE2662 a real power saver in the 
standby mode. 

The switched-capacitor building block also provides an on-board regulator; with the addition of an external 
divider, a well-regulated output voltage is easily obtained. Additional filtering can be added to minimize switching 
noise. The internal oscillator runs at a nominal frequency of 25 kHz. This can be synchronized to an external 
clock signal or can be varied using an external capacitor. A 2.5-V reference is brought out to SCREF for use 
with the on-board regulator or external circuitry. 

The TLE2662 is characterized for operation over the industrial temperature range of -40°C to 85°C. This device 
is available in a l6-pin wide-body surface-mount package. 

AVAILABLE OPTION 

PACKAGE 

TA SMALL OUTLINE 
(OW) 

-40°C to 85°C TLE2662IDW 

The DW package is available taped and reeled. Add 
the suffix R to the device type (i.e .• TLE2662IDWR). 

~~~!:m:1!.:r::::'.Ia.,;~rr:~:===-
standard warranty. Production _'ng does not necesaarlIy Include 
testing of all parameters. -!II TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 
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TLE2662 
DUAL JlPOWER JFET·INPUT OPERATIONAL AMPLIFIER 
WITH SWITCHED·CAPACITORVOLTAGE CONVERTER 
SLOSl18B - DECEMBER 1992 - REVISED AUGUST 1994 

functional block diagram 

1 OUT 

11N-
2 

11N.j. 
3 

VCC-
4 

SCOUT 
5 

SCREF 
6 

OSC 
7 

SCIN 
8 

6-428 

r---------------~ I Amplifier Block I 

L _______________ ~ 

r------~ 

Switched· 
Capacitor 

Block 

L ______ .J 

ACTUAL DEVICE COMPONENT COUNT 

AMPLIFIER SWITCHED-
BLOCK CAPACITOR BLOCK 

Transistors 42 Transistors 
Resistors 9 Resistors 
Diodes 3 Diodes 
Capacitors 2 Capac~ors 
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INSTRUMENTS 

71 
44 
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VCC+ 

15 20UT 

14 21N-

13 21N+ 

12 CAP-
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TLE2662 
DUAL JlPOWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOSl18B - DECEMBER 1992 - REVISED AUGUST 1994 

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

Supply voltage, SCIN (see Note 1) .......................................................... 16 V 
Supply voltage, Vcc+ (see Note 2) .......................................................... 16 V 
Supply voltage, Vcc- (see Note 2) ......................................................... -16 V 
Differential input voltage, VIO (see Note 3) ................................................... 32 V 
Input voltage, VI (any input of amplifier) (see Note 2) ......................................... VCC± 

FB/SD (see Note 1) .................................................... 0 V to SCIN 
OSC (see Note 1) .................................................... 0 V to SCREF 

Input current, II (each input of amplifier) .................................................... ±1 mA 
Output current, 10 (each output of amplifier) ............................................... ±80 mA 
Total current into Vcc+ ................................................................... 80 mA 
Total current out of VCC- ................................................................. 80 mA 
Duration of short-circuit current at (or below) TA = 25°C (see Note 4) ........................ unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Junction temperature (see Note 5) ......................................................... 150°C 
Operating free-air temperature range, TA ........................................... -40°C to 85°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................•......... " 260°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. Voltage values are with respect to the switched-capacitor block GND. 
2. Voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCe-. 
3. Differential voltages are at IN+ with respect to IN-. 
4. The output can be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 

dissipation rating is not exceeded. 
5. The devices are functional up to the absolute maximum junction temperature. 

DISSIPATION RATING TABLE 

PACKAGE 
TA S 25°C DERATING FACTOR TA = 70°C TA = 85°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING 

DW 1025 mW 8.2 mW/"C 656 mW 533 mW 

recommended operating conditions 

Supply voltage, VCC+/SCIN 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

Output current at SCOUT, 10 

I VCC±=±5V 

IVCC±=±15V 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

MIN 

3.5 

-1.6 

-11 

-40 

0 

MAX UNIT 

15 V 

4 
V 

13 

85 °c 

100 rnA 
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TLE2662 
DUAL ~POWER JFET-INPUT OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS1188 - DECEMBER 1992 - REVISED AUGUST 1994 . 

OPERATIONAL AMPLIFIER SECTION 

electrical characteristics at specified free-alr temperature, VCC± = ±5 V (unless otherwise noted) 
PARAMETER TEST CONDmoNst TA* 

VIO Input Qffset voltage 
25°C 

Full range 

.aVIO Temperature coefficient of input offset voltage Full range 

Input offset voltage long-tenn drift (see Note 6) 250C 
VIC=O. RS=50Cl 

25°C 
110 Input offset currant 

Full range 

liB Input bias current 
25°C 

Full range 

25°C 

VICR Common-mode input voltage range 

Full range 

25°C 
IL=2mA 

Full range 
VOM+ Maximum positive peak output voltage swing 

25°C 
IL=20mA 

Full range 

25°C 
IL=2mA 

Full range 
VOM- Maximum negative peak output voltage swing 

25°C 
IL=20mA 

Full range 

VO=±2.6V. RL = 10 kC1 
25°C 

Full range 

""'0 large-signal differential voltage amplification VO=Ot02V. RL=100n 
250C 

Full range 

250C 
VO=Oto-2V. RL=100Cl 

Full range 

I'j Input rasistance 25°C 

Ci Input cepaCltance 25°C 

Zo Open-loop output Impedance 10=0 25°C 

CMRR RS= 50 C1, 25°C 
Common-mode rejection retio 

VIC = VICRmln Full range 

VCC±=±5 V to ±15 V. 25°C 
ksVR Supply-voltage rejection ratio (AVCC± IAVIO) 

RS=50 n Full range 

ICC Supply current IL=O 
25°C 

Full range 
. . 

t Data applies for the amplifier block only; the switched-capacitor block IS not supplying VCC- supply . 
:I: Full range is -4O"C to 65°C. 

MIN TVP MAX UNIT 

1 5 
mV 

a.3 

6 !lVrC 

0.04 !lV/mo 

1 pA 

2 nA 

3 pA 

4 nA 

-1.6 -2 
to to V 
4 6 

-1.6 
to V 
4 

3.4 3.7 

3 
V 

2.5 3.1 

2 

-3.4 -3.9 

-3 
V 

-2.5 -2.7 

-2 

15 60 

2 

0.75 45 
V/mV 

0.5 

0.5 3 

0.25 

1012 n 

4 pF 

560 n 

65 62 
dB 

65 

75 93 
dB 

65 

560 620 

640 
J!.A 

NOTE 6: Typical values are based on the Input offset voltage shift observed through 166 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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TLE2662 
DUAL J,lPOWER JFET·INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOSl188 - DECEMBER 1992 - REVISED AUGUST 1994 

operating characteristics at specified free-air temperature, Vcc± = ±5 V 
PARAMETER TEST CONDInONst TA* 

250C 
SR Slew rate at unity gain (see Figura 1) RL= 10kn, CL= loopF 

Full range 

f=10Hz. Rs=20n 25"C 
Vn Equivalent input noise voltage (see Figura 2) 

f= 1 kHz. RS=20n 250C 

VN(PP) Peak-ta-peak equivalent input noise voltage f=O.l Hz to 10Hz 250C 

In Equivalent input noise current f= 1 kHz 250C 

THO Total harmonic distortion VO(pp)=2V. f = 10 kHz. 
250C 

AVO =2. RL= 10kn 

RL=10kn, CL=loopF 25"C 
Bl Unity-gain bandwidth (see Figure 3) 

RL= lOOn. CL=100pF 250C 

Settling time 
To 0.1% 250C 

Is 
To 0.01% 25"C 

BaM Maximum output-swing bandwidth AVD=l. RL=10kn 250C 

RL = 10 kn, CL=loopF 25"C 
+m Phase margin at unity gain (sea Figure 3) 

RL= lOOn. CL=loopF 25°C 

t Data applies for the amplifier block only; the swi!ched-capecitor block IS not supplYIng V CC _ supply. 
:I: Full range is -4OOC to 85"C. 
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MIN TYP MAX UNIT 

2.2 3.4 
V/IJS 

1.7 

59 100 
nVNHz 

43 60 

1.1 J.lV 

1 fANHz 

0.025% 

1.8 
MHz 

1.3 

5 

10 
IJS 

140 kHz 

58" 

75" 
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TLE2662 
DUAL J.lPOWER JFET-INPUT OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS118B - DECEMBER· 1992 -'- REVISED AUGUST 1994 

electrical characteristics at specified free-air temperature, V cc± = ± 15 V (unless otherwise noted) 
PARAMETER TEST CONDITION'St TA* 

VIO Input offset voltage 
25°C 

Full range 

aVIO Temperature coefficient of input offset voltage Full range 

Input offset voltage long-term drift (see Note 6) 25°C 
VIC=O, RS=500 

25°C 
110 Input offset current 

Full range 

25°C 
liB Input bias current 

Full range 

25°C 

VICR Common-mode input voltage range 

Full range 

25°C 
IL=2mA 

Full range 
VOM+ Maximum positive peak output voltage swing 

25°C 
IL=20mA 

Full range 

25°C 
IL=2 mA 

Full range 
VOM- Maximum negative peak output voltage swing 

25°C 
IL=20mA 

Full range 

25°C 
VO=±10V, RL=10kO 

Full range 

25°C 
AVD Large-signal differential voltage amplification Vo =010 BV, RL=6000 

Full range 

25°C 
Vo =Oto-B V, RL=6000 

Full range 

ri Input resistance 25°C 

Ci Input capacitance 25°C 

Zo Open-loop output impedance 10=0 25°C 

RS=50 0. 25°C 
CMRR Common-mode rejection ratio 

VIC = VICRmin Full range 

VCC± = ±5 V to ±15 V, 25°C 
ksVR Supply-voltage rejection ratio (Ll.VCC±/Ll.VIO) RS=50 0 Full range 

ICC Supply current IL=O 
25°C 

Full range 
.. t Data applies for the amplifier block only; the sWitched-capacitor block IS not supplYing VCC- supply . 

:I: Full range is -40°C to B5°C. 

MIN TYP MAX UNIT 

0.9 4 
mV 

5.3 

6 jJ.vrc 

0.04 jJ.V/mo 

2 pA 

3 nA 

4 pA 

5 nA 

-11 -12 
to to V 
13 16 

-11 
to V 
13 

13.2 13.7 

13 
V 

12.5 13.2 

12 

-13.2 -13.7 

-13 
V 

-12.5 -13 

-12 

30 230 

20 

25 100 
V/mV 

10 

3 25 

1 

1012 0 

4 pF 

560 0 

72 90 
dB 

65 

75 93 
dB 

65 

625 690 

720 
jJ.A 

NOTE 6: Typical values are based on the input offset voltage shift observed through 16B 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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TLE2662 
DUAL J,lPOWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOSl18B - D.ECEMBER 1992 - REVISED AUGUST 1994 

operating characteristics at specified free-air temperature, VCC+ = ±15 V -
PARAMETER TEST CONDITIONst TA* 

25°C 
SR Slew rate at unity gain (see Figure 1) RL=10kO, CL=100pF 

Full range 

Equivalent input noise voltage 1=10Hz, RS=20n 25°C 
Vn (see Figure 2) 1= 1 kHz, RS=20n 25°C 

VN(PP) 
Peak-to-peak equivalent input noise 

1=0.1 Hz to 10 Hz 25°C voltage 

In Equivalent input noise current 1= 1 kHz 25°C 

THD Total harmonic distortion VO(pp)=2V, 1=10kHz, 
25°C 

AVD=2, RL= 10kO 

RL=10kO, CL=100pF 25°C 
Bl Unity-gain bandwidth (see Figure 3) 

RL=600 n, CL=100pF 25°C 

To 0.1% 25°C 
ts Settling time 

To 0.01% 25°C 

BOM Maximum output-swing bandwidth AVO = 1, RL=10kO 25°C 

RL=10kO, CL=100pF 25°C 
li>m Phase margin at unity gain (see Figure 3) 

RL = 600 n, CL=100pF 25°C 

t Data applies lor the amplifier block only; the switched-capacitor block is not supplying VCC- supply. 
:j: Full range is -40°C to 85°C. 
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MIN TYP MAX UNIT 

2.6 3.4 
VIlIS 

2.1 

70 100 
nVNRZ 

40 60 

1.1 j.lV 

1.1 IA/VHz 

0.025% 

2 
MHz 

1.5 

5 

10 
lIS 

40 kHz 

60° 

70° 
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TLE2662 
DUAL JlPOWER JFET-INPUT OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS118B- DECEMBER 1992 - REVISED AUGUST 1994 

SWITCHED-CAPACITOR SECTION 

electrical characteristics over recommended supply voltage range and at specified free-air 
temperature 

PARAMETER TEST CONDITIONSt 

SCIN=7V. 

Regulated output voltage. See Note 7 
Rl(SCOUT) = 500 Q SCOUT SCIN = 5 V. 

See NoteS 

SCIN= 7Vto 12V. 
See Note 7 

Input regulation Rl(SCOUT) = 500 Q 
SCIN = 5 Vto 15 V. 
See NoteS 

SCIN=7V. 
See Note 7 

Output regulation RL(SCOUT) = 100 Q to 500 Q 
SCIN = 5 V. 
See NoteS 

Voltage loss. SCIN -I SCOUTl SCIN=7V. 10= 10mA 

(see Note 9) CIN = COUT = 100-I1F tantalum 10=100mA 

Output resistance 
SCIN=7V. dlO = 10 mA to 100 mAo 
See Note 10 

Oscillator frequency . 

SCIN=7V. Iref=60~ 

Reference voltage. Vref 

SCIN=5V. Iref=50~ 

Maximum switch current 

Supply current. IS 10=0 
SCIN=3.5V 

SCIN=15V 

Supply current in shutdown V(FBlSD) = O. 10=0. SCIN = 5 V 
.. t Data applies for the switched-capacitor block only. Amplifier block IS not connected . * Full range is -40°C to S5°C. 

TA* 

25°C 

Full range 

Full range 

Full range 

Full range 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

Full range 

MIN TYP MAX UNIT 

-5.2 -5 -4.7 

V 

-4.25 -4 -3.75 

5 25 

mV 

27 

10 50 

mV 

100 

0.35 0.55 
V 

1.1 1.6 

10 15 Q 

15 25 35 kHz 

2.35 2.5 2.65 
V 

2.25 2.75 

2.35 2.5 2.65 
V 

2.25 2.75 

300 mA 

2.5 3.5 
mA 

3 4.5 

100 150 ~ 

NOTES: 7. All regulation specifications are for the switched-capacitor section connected as a positive to negative converter/regulator with 
R1 = 20 kQ. R2 = 102.5 kQ. CIN = 10 I1F (tantalum). COUT = 100 I1F (tantalum) and C1 = 0.00211F (see Figure 63). 

S. All regulation specifications are for the switched-capacitor section connected as a positive to negative converter/regulator with 
R1 = 23.7 kn. R2 = 102.2 kQ. CIN = 10 I1F (tantalum). COUT = 100 I1F (tantalum) and C1 = 0.00211F (see Figure 63). 

9. For voltage-loss tests. the switched-capacitor section is connected as a voltage inverter. with SCREF. OSC. and FBISD 
unconnected. The voltage losses may be higher in other configurations. 

10. Output resistance is defined as the slope olthe curve (d Vo vs dlO) for output currents of 10 rnA to 100 mAo This represents the linear 
portion of the curve. The incremental slope of the curve is higher at currents less than 10 mA due to the characteristics of the switch 
transistors. 
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TLE2662 
DUAL ~POWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS118B - DECEMBER 1992 - REVISED AUGUST 1994 

AMPLIFIER AND SWITCHED-CAPACITOR SECTIONS CONNECTED 

electrical characteristics, VCC+ = 5 V, TA = 25°C (see Figure 4) 

PARAMETER TEST CONomONS MIN TYP MAX UNIT 

RL=10kn 3.7 

Maximum positive peak output voltage swing. YOM + RL=600n 3.5 V 

RL=100n 3.1 

RL=10kn -3.7 

Maximum negative peak output voltage swing. VOM- RL=600n -3.0 V 

RL=100n -2.2 

CIN = COUT = 100-IlFtantalum. RL=10kn 0.46 

Voltage loss. SCIN -I SCOUT I (see Note 9) Vlo=-100mV. RL=600n 0.50 V 
Both amplifiers RL=100n 0.9 

NOTES: 9. For voltage-loss tests. the SWItched-capacitor section IS connected as a voltage Inverter With SCREF. OSC. and FBISO 
unconnected. The voltage losses may be higher in other configurations. 

supply current (no load), T A = 25°C 

PARAMETER TEST CONomONS MIN TYP MAX UNIT 

Supply current VCc+=5V. SCIN=5V. VCFBlSOI = 2.5 V. VO=O 3.4 mA 

Supply current in shutdown VCC+=5V. SCIN=5V. V(FBlSO) = 0 V. VO=O 265 IIA 

PARAMETER MEASUREMENT INFORMATION 

operational amplifier 

2kn 

>-.... --e-- Vo 
Vo 

RS=20n RS=20n 

NOTE A: CL includes fixture capacitance. 

Figure 1. Slew-Rate Test Circuit Figure 2. Noise-Voltage Test Circuit 
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TLE2662 
DUAL j..LPOWER JFET·INPUT OPERATIONAL AMPLIFIER 
WITHSWITCHED·CAPACITOR VOLTAGE CONVERTER 
SLOSl18B - DECEMBER 1992 - REVISED AUGUST 1994 

PARAMETER MEASUREMENT INFORMATION 

10kn 

1000 

>-.......... -Vo 

VCC-
CL RL 

(see Note A) 

NOTE A: CL includes fixture capacitance. 

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

amplifier input bias offset current 

At the picoampere bias-current level typical of the TLE2662, accurate measurement of the amplifier's bias 
current becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages can 
easily exceed the actual device bias currents. To accurately measure these small currents, Texas Instruments 
uses a two-step process. The socket leakage is measured using picoammeters with bias voltages applied but 
with no device in the socket. The device is then inserted into the socket and a second test that measures both 
the socket leakage and the device input bias current is performed. The two measurements are then subtracted 
algebraically to determine the bias current of the device. 

RL 16 
1 OUT VCC+ 

-=- 2 15 
11N- 20UT 

3 14 RL 
11N+ 21N-

-=-
4 13 

vCC- 21N+ 
TLE2662 

12 
SCOUT CAP-

1N4933 6 11 CIN SCREF GND 

-=-

6-436 

7 
OSC 

8 
SCIN 

Figure 4. Test Circuit 
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TLE2662 
DUAL JlPOWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS118B - DECEMBER 1992 - REVISED AUGUST 1994 

TYPICAL CHARACTERISTICS 

Table of Graphs 

operational amplifier section 

VIO Input offset voltage Distribution 

liB Input bias current vs Free-air temperature 

110 Input offset current vs Free-air temperature 

VIC Common-mode input voltage vs Free-air temperature 

VOM Maximum peak output voltage 
vs Output current 
vs Supply voltage 

VO(PP) Maximum peak-to-peak output voltage vs Frequency 

AVD Differential voltage amplification 
vs Frequency 
vs Free-air temperature 

lOS Short-circuit output current 
vsTime 
vs Free-air temperature 

Zo Output impedance vs Frequency 

CMRR Common-mode rejection ratio vs Frequency 

ICC Supply current 
vs Supply voltage 
vs Free-air temperature 

Pulse response 
Small signal 
Large signal 

Noise voltage (referenced to input) 0.1 to 10 Hz 

Vn Equivalent input noise voltage vs Frequency 

THD Total harmonic distortion vs Frequency 

Bl Unity-gain bandwidth 
vs Supply ),oltage 
vs Free-air temperature 

vs Supply voltage 

<Pm Phase margin vs Load capacitance 
vs Free-air temperature 

Phase shift vs Frequency 

switched-capacitor section 

ICC 

fosc 

Vo 

Shutdown threshold voltage vs Free-air temperature 

Supply current vs Input voltage 

Oscillator frequency vs Free-air temperature 

Supply current in shutdown vs Input voltage 

Average supply current vs Output current 

Output voltage loss 
vs Input capacitance 
vs Oscillator frequency 

Regulated output voltage vs Free-air temperature 

Reference voltage change vs Free-air temperature 

Voltage loss vs Output current 
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DUAL I!POWER J FET-IN PUT OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
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TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

"II. 
I 

i 
J 
'15 

I 

DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 

1836 Amplifiers 
VCC±=±15V 
TA'= 

-4 -3 -2 -1 0 2 3 4 

VIO -Input Offset Voltage - mV 

Figure 5 

100 
25 

INPUT BIAS CURRENT 
AND INPUT OFFSET CURRENT 

va 
FREE·AIR TEMPERATURE 

VCC±=±15V 
VIC=O 

liB 

.."" 

./' --
45 65 

TA - Free-Air Temperature - °C 

Figure 6 

110 = 

85 

COMMON·MODE INPUT VOLTAGE 
va 

MAXIMUM POSmVE PEAK OUTPUT VOLTAGE 
va 

> 
I 

VCC++2 

II VCC++1 

i 
I vcc+ 

I VCC-+4 

I I VCC-+3 

Y 
> 

VCC-+2 

FREE·AIR TEMPERATURE 

VIC + 

.: 

VIC-

-75 -50 -25 0 25 50 75 100 
TA - Free-Air Temperature - °c 

Figure 7 

OUTPUT CURRENT 

> 20 
I I 
• 18 I 

_ TA=25°C 

~ 16 
'!i 
t 14 
0 ... 12 I 

VCC±=±15V 

II. 

I 10 

l 8 

E 8 ::I 
E 
.~ 4 
::IE 
I 

2 + 
~ 0 > 

VCC±=±5V 

I 
o -10 -20 -30 -40 -50 -50 

10 - Output Current - mA 

Figure 8 

t Data applies for the amplifier block only; the switched-capacitor block is not supplying VCC- supply. 
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DUAL JlPOWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
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TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE 
vs 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

> -20 
I 

t -18 

~ -16 
'5 ! -14 

l -12 

~ -10 

I -8 

E 
:::I -6 
E 

-= -4 
::E 
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OUTPUT CURRENT 
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_ VCC±=±5V 

1 I 
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I 
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CL 

"" 
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:::I 
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'M 
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::E 
I 
::E 
0 

'" 
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20 
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15 

10 

5 

TA = 25°C 

V V 

V 
.,.. 

VOM+ .....,... 
... V 

0 

-5 

-10 

-15 

.. r--....., 
~ 
~ "" VOM-

~ 
r---

r---....... 
I 

::E o 
> o o 5 10 15 20 25 30 35 40 

-20 o 2 4 6 8 10 12 14 16 

> 
I 

GI 
CD 

:Ill 
~ 
'5 
.& 
:::I 
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E 
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15 
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10 - Output Current - mA 

Figure 9 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

RL=6oon 
TA = 25°C 

2 

vV 
V - VOM+ -

.......... 
... V 

... ~ 
............. 
~ ....... VOM- -

..........::~ 

4 6 8 10 12 14 

IVCC±I- Supply VoHage - V 

Figure 11 

> 
I 

t 
~ 
'5 
CL 
'5 
0 
.lO: : 
D-

E 
:::I 
E 
'i,j 
::E 
I 
::E 
0 
> 

16 

IVCC±I- Supply Voltage - V 

Figure 10 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

6 
RL=100n 
TA = 25°C 

4 

2 

0 

-2 

-4 

-6 
o 

SUPPLY VOLTAGE 

~ 

./ 
VVOM+ 

"-
~M-

r---

246 
IVCC±I- Supply VoHage - V 

Figure 12 

t Data applies for the amplifier block only; the switched-capacitor block is not supplying VCC- supply, 
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TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

=;- 10 

I 8 

6 

4 

2 

o 
10k 

FREQUEr.iCY 

\ 
~ 
~ 

100k 

VCC±=±5V 
RL=10kO 
TA=25°C 

........... -
1M 10M 

> 30 
I 

t 
~ 25 

01 
~ 
j 
E 

i 
I a:-
Go 

~ 

20 

15 

10 

5 

o 
10k 

FREQUENCY 

I I IIIII 
VCC±=±15V 
RL=10kO 
TA = 25°C 

\ 
..... -100k 1M 10M 

f - Frequency - Hz 

Figure 13 

f - Frequency - Hz 

Figure 14 

120 

100 

o 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION and PHASE SHIFT 

vs 
FREQUENCY 

~ I I 
~ Phase Shift 

" r".. 
AVD "'\ \ 

'\ \ 
'\ 

VCC±=±15V ~ RL = 10 kf.l 
CL=1oopF '\ TA = 25°C 

60° 

80° 

100° 

120° 

140" 

160° 

180" 

-20 200° 
0.1 10 100 1 k 10k 100k 1 M 10M 

f - Frequency - Hz 

Figure 15 

t Data applies for the amplifier block only; the switched-capacitor block is not supplying VCC- supply. 
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TLE2662 
DUAL ~POWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS118B - DECEMBER 1992 - REVISED AUGUST 1994 

TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

LARGE·SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION 

vs 
FREE·AIR TEMPERATURE 

RL = 10 k.Q 

VCC±=±15V --........ 
.............. 

....... 

VCC±=±5V --r-

-75 -50 -25 0 25 50 75 100 
TA - Free-Air Temperature - °c 

Figure 16 

SHORT·CIRCUIT OUTPUT CURRENT 
vs 

SHORT·CIRCUIT OUTPUT CURRENT 
vs 

TIME FREE·AIR TEMPERATURE 

I I 
80 

VCC±=±15V 
VIO=-1OOmV 

VCC±=±15V 

CC 60 
E 
I 

C 40 
~ 
::I 

- VO=O -.! .1 - r--__.. VIO=-1oomV -
TA = 25°C 
VO=O 

(J 20 

i 
0 0 

:: 
::I 
I! -20 0 
i: 
0 -40 .c 
til 

VIO= 100mV -f--" 
-60 

I" 
VIO=1oomV -

I 
til -60 -~ ~ 

-80 
o 10 20 30 

t-TIme-s 

Figure 17 

I I 
40 50 

9 

60 
-80 

-75 -50 -25 0 25 50 75 100 

TA - Free-Air Temperature - °C 

Figure 18 

t Data applies for the amplifier block only; the switched-capacitor block is not supplying VCC- supply. 
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::0 
II) 
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~ 

TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

35 
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o 
100 

700 

OUTPUT IMPEDANCE 
va 

FREQUENCY 

~~b'~I~I±~5IJ' 
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0
CJJ III V ~ 
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I 

1/ 
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I 

1k 
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Figure 19 

SUPPLY CURRENT 
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Figure 20 

SUPPLY CURRENT 
va 

FREE-AIR TEMPERATURE 

Vo=o 
- NoLoad 

VCC±=±15~ V 

./ 
V 

/" --./ V 

:/ 
VvCC±=±5V , 

-

-
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TA - Free-Air Temperature - °c 
Figure 22 

t Data applies for the amplifier block only; tha switched-capacitor block is not supplying Vee _ supply. 
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TLE2662 
DUAL JlPOWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOSl18B - DECEMBER 1992 - REVISED AUGUST 1994 

TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

VOLTAGE-FOLLOWER SMALL-SIGNAL 
PULSE RESPONSE 

VOLTAGE-FOLLOWER SMALL-SIGNAL 
PULSE RESPONSE 

o 

n. 

VCC±=±5V 
RL= 10 ItO 
CL=100pF 
TA=2S°C 
See Figure 1 

I I I 

t-Time-j1S 

Figure 23 

V 

2 

VOLTAGE-FOLLOWER LARGE-SIGNAL 
PULSE RESPONSE 

VCC±=±5V 
RL= 10 ItO 
CL=100pF 
TA=2S°C 
See Figure 1 

o 5 
t-Time-j1S 

Figure 25 
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VCC±=±15V 
RL = 10 ItO 
CL=100pF 
TA = 25°C 
See Figure 1 

t-T1me- j1S 

Figure 24 

-

2 

VOLTAGE-FOLLOWER LARGE-SIGNAL 
PULSE RESPONSE 

VCC±=±15 V 
RL= 10 ItO 
CL=100pF 

I TA=25°C 
See Figure 1 

I 
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I 

o 10 20 30 
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Figure 26 
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40 

t Data applies for the amplifier block only; the switched-capacitor block is not supplying VCC- supply. 
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TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

NOISE VOLTAGE 
(REFERRED TO INPUT) 

0.1 TO 10 Hz 
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Figure 27 
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Figure 29 
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Figure 28 

TOTAL HARMONIC DISTORTION 
vs 

FREQUENCY 

AVO = 10 
VO(pp)=2V 
TA=25°C 

Vc C±=±5V 

Source Signal 

100 1 k 

f - Frequency - Hz 

Figure 30 

10k 

t Data applies for the amplifier block only; the switched-capacitor block is not supplying VCC- supply. 
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TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

UNITY-GAIN BANDWIDTH 
vs 

SUPPLY VOLTAGE 

RL=10kO 
CL=100pF 
TA=25°C 
See Figure 3 

I----r---
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2 4 6 8 10 12 14 16 

IVCC±I- Supply Voltage - V 

II 
RL=10kO 

Figure 31 

PHASE MARGIN 
vs 

SUPPLY VOLTAGE 

f- CL=100pF 
TA=25°C 
See Figure 3 
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FREE-AIR TEMPERATURE 
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See Figure 3 , 
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Figure 34 

t Data applies for the amplifier block only; the switched-capacitor block is not supplying VCC- supply. 
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Figure 37 

t Data applies for the amplifier block only; the switched·capacitor block is not supplying VCC- supply. 
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TYPICAL CHARACTERISTICSt 
SWITCHED-CAPACITOR SECTION 
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Figure 38 
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Figure 41 

t Data applies for the switched-capacitor block only. Amplifier block is not connected. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 6-447 



TLE2662 
DUAL IlPOWER JFET-INPUT OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS118B - DECEMBER 1992 - REVISED AUGUST 1994 

2.5 

2.25 

2 

~ 1.75 

TYPICAL CHARACTERISTICSt 
SWITCHED-CAPACITOR SECTION 

OUTPUT VOLTAGE LOSS 
vs 

OSCILLATOR FREQUENCY 

Inverter Configuration 
CIN = 1Cl-IlF Tantalum 
COUT = 1oo-IlF Tantalum 

1\ 
> 
I .. 
:!I 

2.5 

2.25 

2 

1.75 ~ 

OUTPUT VOLTAGE LOSS 
vs 

OSCILLATOR FREQUENCY 

Inverter Configuration 
CIN = 100-IlF Tantalum 
COUT= 10Cl-IlF Tantalum 

\ ..... ~ 1.5 

; 1.25 

~ 

~ 'Io=~ooimt ..... 
8. 

1.5 

1.25 
\ ""I 

10 = 100 m!. 

i o 0.75 

> 
I 

0.5 

0.25 

o 
1 

-4.7 

-4.8 

ell -4.9 , 
~ -5 

i -5.1 

o 
11 
ti 

} 
I 

~ 

-11. 6 

-11.8 

-12 

-12.2 

-12.4 

-12.6 

\ 1\ T 
\ ~ 10=50mA 

L I 
\ 71 '" I"- 10 = 10 rnA 

10 
fose - Oscillator Frequency - kHz 

Figure 42 
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Figure 44 

t Data applies for the switched-capacitor block only. Amplifier block is n?t connected. 
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TYPICAL CHARACTERISTICSt 
SWITCHED-CAPACITOR SECTION 
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Figure 46 

t Data applies for the switched-capacitor block only. Amplifier block is not connected. 
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APPLICATION INFORMATION 

amplifier section 

input characteristics 

The TLE2662 is specified with a minimum and a maximum input voltage that if exceeded at either input, could 
cause the device to malfunction. 

Because of the extremely high input impedance and resulting low bias-current requirements, the TLE2662 
operational amplifier section is well suited for low-level signal processing; however, leakage currents on printed
circuit boards and sockets can easily exceed bias-current requirements and cause degradation in system 
performance. It is a good practice to include guard rings around inputs (see Figure 47). These guards should 
be driven from a low-impedance source at the same voltage level as the common-mode input. 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 

Vo Vo Vo 

Figure 47. Use of Guard Rings 

switched-capacitor section 

6-450 
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FBISD - .... -t--I--, 
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Figure 48. Functional Block Diagram for SwitchedoCapacltor Block Only 
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APPLICATION INFORMATION 

switched-capacitor section (continued) 

The TLE2662, with its high-output-drive amplifiers and switched-capacitor voltage converter, readily lends itself 
to applications like headphone drivers where large signal swing into heavy loads is paramount. Another 
application is analog-to-digital interfacing when only a single rail is available to the system, but maximization 
ofthe ADC dynamic range is key. See Figure 48 forthe functional block diagram of the switched-capacitor block. 

typical application 

In its most basic configuration, the TLE2662 switched-capacitor section is used as a voltage inverter to provide 
the negative rail for the amplifiers in a single-supply system. As shown in Figure 49, the positive 5-V supply is 
connected to both Vcc+ and SCIN. Vcc- is connected to the output of the charge pump, SCOUT. Only three 
external components (excluding the resistors used with the amplifiers) are necessary: the storage capacitors, 
CIN and COUT, and a fast-recovery Schottky diode to clamp SCOUT during start up. The diode is necessary 
because the amplifiers present a load referenced to the positive rail and tends to pull SCOUT above ground, 
which can cause the device to fail to start up (see pin functions section in APPLICATION INFORMATION). As 
shown in Figure 50, one amplifier is shown driving a resistive load; the other is interfacing to an analog-to-digital 
converter (ADC). 
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Figure 49. Switched-Capacitor Block Supplying Negative Rail for Amplifiers 
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APPLICATION INFORMATION 

typical application (continued) 
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Preamplifier Transducer 
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Voltage 

ToADC 

Shutdown Converter 
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FBISD SCREFr-----------------------------------~ 

Figure 50. Equivalent Schematic: Amplifier 1 Driving Resistive Load, 
Amplifier 2 Interfacing to an ADC 

Though simple, this configuration has the inherent disadvantage of having ripple and switching-noise 
components on SCOUT. These are coupled into the amplifier's signal path, effectively introducing distortion into 
the output waveform. The effect is most pronounced when the outputs are driven low, loading the negative rail 
generated by the charge pump. A first approach to minimizing these effects is to increase the size of COUT using 
a low-ESR type capacitor (refer to the switched-capacitor selection section under capacitor selection and output 
ripple). Figures 51 and 52 compare the ripple and noise present at the amplifier output with COUT = 10 IlF and 
COUT = 100 IlF, respectively, with the outputs driven low into a 600-0 load. 
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APPLICATION INFORMATION 

typical application (continued) 
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Figure 52 

Additional filtering can be added between SCOUT and Vcc- to further reduce ripple and noise. For example, 
adding the simple low-pass LC filter shown in Figure 53, implemented using a 50-IlH inductor and 220-IlF 
capacitor (available in surface mount), results in the reduced levels of ripple and switching noise at the 
amplifier's outputs (see Figures 54 and 55). Larger values of L or C can be used for even better attenuation. 

lH 

SCOUT---r..------~ 

COUT 1+ O.ll1F I I CF 

--- Vcc 

'------v----I fr = _1_ 
Filter 211VLc 

Figure 53. LC Filter Used to Reduce Ripple and Switching Noise, fr = 1121t-vLC, A = -40 dB Per Decade 
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APPLICATION INFORMATION 

typical application (continued) 
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APPLICATION INFORMATION 

precision measurement techniques 
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In systems where the amplifier outputs are being sampled by an analog-to-digital converter (ADC), the 
switched-capacitor network can be temporarily disabled by applying a voltage of less then 0.45 V to FB/SD. This 
is easily accomplished using any open-collector gate (shown by dashed lines in Figure 49). When disabled, the 
internal switches are set to dump any remaining charge onto COUTo The voltage at SCOUT decays to zero at 
a rate dependent on both the size of COUT and loading. During this time, the amplifier's outputs are free of any 
switching-induced ripple and noise. Figure 56 shows the relationship of the output voltage decay time to the size 
of the output storage capacitor when one channel of the amplifier is driving a 100-0 load to ground. SCOUT 
rises again when the external gate is turned off (see Figure 57). 
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Figure 57 

The amplifier's negative input common-mode voltage limit (VICR-) is specified as an offset from the negative 
rail. Care should be taken to ensure that the input signal does not violate this limit as. SCOUT decays. The 
negative output voltage swing is similarly ~ffected by the gradual loss of the negative rail. 

This application takes advantage of the otherwise unused SCREF output of the switched-capacitor block to bias 
one amplifier to 2.5 V. This is especially useful when the amplifier is followed by an ADC, keeping the signal 
centered in the middle of the converter dynamic range. Other biasing methods may be necessary in precision 
systems. 

In Figure 58, SCREF, R1, and R2 are used to generate a feedback voltage to the TLE2662 error amplifier. This 
voltage, fed into FBlSD, is used to regulate the voltage at SCOUT. When used this way, there is higher voltage 
loss (SCIN - ISCOUTI) associated with the regulation. For example, the inverter generates an unregulated 
voltage of approximately -4.5 V from a positive 5-V source; it can achieve a regulated output voltage of only 
about -3.5 V. Though this reduces the amplifier input and output dynamic range, both VICR- and VOL still extend 
to below ground. 
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APPLICATION INFORMATION 

precision measurement techniques (continued) 
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Figure 58. Voltage Inverter With Regulated Output 

The reference voltage, though being used as part ofthe regulation circuitry, is still available for other uses if total 
current drawn from it is limited to under 60 ~. The shutdown feature also remains available, though a restart 
pulse may be necessary to start the switched-capacitor if the voltage on COUT is not fully discharged. This 
restart pulse is isolated from the feedback loop using a blocking diode in the regulation section. 

The circuit designer should be aware that the TLE2662 amplifier and switched-capacitor sections. are tested 
and specified separately. Performance may differ from that shown in the typical characteristics section when 
used together. This is evident, for example, in the dependence of VICR- and VOL on VCC-' The impact of 
supplying the amplifier negative rail using the switched-capacitor block in each design should be considered 
and carefully evaluated. 

The more esoteric features of the switched-capacitor building block, including external synchronization of the 
internal oscillator and power dissipation considerations, are covered in detail in the following section. 
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APPLICATION INFORMATION 

switched-capacitor function 

A review of a basic switched-capacitor building block is helpful in understanding the operation of the TLE2662. 
When the switch shown in Figure 59 is in the left position, capacitor C1 charges to the voltage at Vi. The total 
charge on C1 is q1 = C1 Vi. When the switch is moved to the right, C1 is discharged to the voltage at V2. After 
this discharge time, the charge on C1 is q2 = C1V2. The charge has been transferred from the source Vi to 
the output V2. The amount of charge transferred is as shown in equation 1. 

~q = q1 - q2 = C1 (Vi - V2) (1 ) 

If the switch is cycled f times per second, the charge transfer per unit time (Le., current) is shown in equation 2. 

I = fx ~q = fx C1 (Vi - V2) (2) 

To obtain an equivalent resistance for a switched-capacitor network, this equation can be rewritten in terms of 
voltage and impedance equivalence as shown in equation 3. 

Vi - V2 
I = (1/fC1) 

Vi - V2 
REQUIV 

V1~~V2 i f RL 

T C1 T C2 

Figure 59. Switched-Capacitor Block 

(3) 

A new variable, REQUIV, is defined as REQUIV= 1 +fC1. The equivalentcircuitforthe switched-capacitornetwork 
is as shown in Figure 60. The TLE2662 has the same switching action as the basic switched-capacitor voltage 
converter. Even though this simplification does not include finite switch-on resistance and output-voltage ripple, 
it provides an insight into how the device operates. 

These simplified circuits explain voltage loss as a function of oscillator frequency (see Figure 43). As oscillator 
frequency is decreased, the output impedance is eventually dominated by the 1lfC1 term and voltage losses 
rise. 

Voltage losses also rise as oscillator frequency increases. This is caused by internal switching losses that occur 
due to some finite charge being lost on each switching cycle. This charge loss per-unit-cycle, when multiplied 
by the switching frequency, becomes a current loss. At high frequency, this loss becomes significant and voltage 
losses again rise. The oscillator of the TLE2662 switched-capacitor section is designed to run in the frequency 
band where voltage losses are at a minimum. 

REQUIV 

V1 -'I/IIIi~l T V2 

REQUIV = ~1 I C2 RL 

Figure 60. Switched-Capacitor Equivalent Circuit 
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APPLICATION INFORMATION 

pin functions (see functional block diagram - converter) 

6-458 

Supply voltage (SCIN) alternately charges CIN to the input voltage when CIN is switched in parallel with the 
input supply, and then transfers charge to COUT when CIN is switched in parallel with COUT. Switching 
occurs at the oscillator frequency. During the time that CIN is charging, the peak supply current is 
approximately 2.2 times the output current. During the time that CIN is delivering a charge to COUT, the 
supply current drops to approximately 0.2 times the output current. An input supply bypass capacitor supplies 
part of the peak input current drawn by the TLE2662 switched-capacitor section and averages out the current 
drawn from the supply. A minimum input supply bypass capacitor of 2 IlF, preferably tantalum or some other 
low-ESR type, is recommended. A larger capacitor is desirable in some cases. An example is when the actual 
input supply is connected to the TLE2662 through long leads or when the pulse currents drawn by the 
TLE2662 might affect other circuits through supply coupling. 

In addition to being the output pin, SCOUT is tied to the substrate of the device. Special care must be taken in 
TLE2662 circuits to avoid making SCOUT positive with respect to any of the other pins. For circuits with the 
output load connected from VCC+ to SCOUT or from some external positive supply voltage to SCOUT, an 
external Schottky diode must be added (see Figure 61). This diode prevents SCOUT from being pulled above 
the GND during start up. A fast-recovery diode such as IN4933 with low forward voltage (Vf"" 0.2 V) can be 
~~. . 

16 
lOUT VCC+ 

2 15 
l1N- 20UT 

3 14 
l1N+ 21N-

4 13 
vCC- 21N+ 

5 12 
SCOUT SCOUT CAP-

IN4933 COUT 6 11 CIN 
+T SCREF GND 

-=- 7 10 -=-
OSC CAP+ 

8 9 
SCIN FB/sD 

VCC+ or External Supply Voltage 

Figure 61. Circuit With Load Connected From Vee to SCOUT 

The voltage reference (SCREF) output provides a 2.5-V reference pOint for use in TLE2662-based regulator 
circuits. The temperature coefficient (TC) of the reference voltage has been adjusted so that the TC of the 
regulated output voltage is near zero. As seen in the typical performance curves, this requires the reference 
output to have a positive TC. This nonzero drift is necessary to offset a drift term inherent in the internal 
reference divider and comparator network tied to the feedback pin. The overall result of these drift terms is a 
regulated output that has a slight positive TC at output voltages below 5 V and a slight negative TC at output 
voltages above 5 V. For regulator-feedback networks, reference output current should be limited to 
approximately 60 !lAo SCREF draws approximately 100 !lA when shorted to ground and does not affect the 
internal reference/regulator. This pin can also be used as a pullup for TLE2662 circuits that require 
synchronization. 
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TLE2662 
DUAL J.1POWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS118B - DECEMBER 1992 - REVISED AUGUST 1994 

APPLICATION INFORMATION 

pin functions (continued) 

CAP+ is the positive side of input capacitor (CIN) and is alternately driven between Vee and ground. When 
driven to Vee, CAP+ sources current from Vee. When driven to ground, CAP+ sinks current to ground. CAP
is the negative side of the input capaCitor and is driven alternately between ground and SCOUT. When driven 
to ground, CAP- sinks current to ground. When driven to SCOUT, CAP- sources current from COUT. In all 
cases, current flow in the switches is unidirectional as should be expected when using bipolar switches. 

OSC can be used to raise or lower the oscillator frequency or to synchronize the device to an external clock. 
Internally, OSC is connected to the oscillator timing capacitor (Ct '" 150 pF), which is alternately charged and 
discharged by current sources of ±7 1lA, so that the duty cycle is approximately 50%. The TLE2662 
switched-capacitor section oscillator is designed to run in the frequency band where switching losses are 
minimized. However, the frequency can be raised, lowered, or synchronized to an external system clock if 
necessary. 

The frequency can be increased by adding an external capacitor (C2 in Figure 62) in the range of 5 pF-20 pF 
from CAP+ to OSC. This capacitor couples a charge into Ct at the switch transitions. This shortens the charge 
and discharge time and raises the oscillator frequency. Synchronization can be accomplished by adding an 
external pullup resistor from OSC to SCREF. A 20-kQ pullup resistor is recommended. An open-collector gate 
or an npn transistor can then be used to drive OSC at the external clock frequency as shown in Figure 62. The 
frequency can be lowered by adding an external capacitor (C1 in Figure 62) from OSC to ground. This increases 
the charge and discharge times, which lowers the oscillator frequency. 

1 OUT VCC+ 
16 

2 15 
11N- 20UT 

3 14 
11N+ 21N-

4 13 
VCC- 21N+ 

COUT 
C1 -----'I 

JlSL~-1t-1 -b J + 6 
I -b r ----A./II'v- SCREF 

I - I 7 10 
-------*------~ OSC CAP+ ~------. 

5 
SCOUT 

12 
CAP- 1-------.., 

11 

+ 

CIN 
GND t----, 

-=- I 8 9 
...J...- C2 SCIN SCIN FBISD 

T I L _____________________________ I 

Figure 62. External Clock System 

The feedback/shutdown (FB/SO) pin has two functions. Pulling FB/SO below the shutdown threshold ('" 0.45 V) 
puts the device into shutdown. In shutdown, the referenCe/regulator is turned off and switching stops. The 
switches are set such that both CIN and COUT are discharged through the output load. Quiescent current in 
shutdown drops to approximately 100 IlA . Any open-collector gate can be used to put the TLE2662 into 
shutdown. For normal (unregulated) operation, the device restarts when the external gate is shut off. In 
TLE2662 circuits that use the regulation feature, the external resistor divider can provide enough pulldown to 
keep the device in shutdown until the output capaCitor (COUT) has fully discharged. For most applications 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-459 



TLE2662 
DUAL J.lPOWER JFET-INPUT OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS118B - DECEMBER 1992 - REVISED AUGUST 1994 

APPLICATION INFORMATION 

where the TLE2662 is run intermittently, this does not present a problem because the discharge time of the 
output capacitor is short compared to the off time of the device. In applications where the device has to start-up 
before the output capacitor (COUT) has fully discharged, a restart pulse must be applied to FB/SO of the 
TLE2662. 

Using the circuit shown in Figure 63, the restart signal can be either a pulse (tp > 100 !is) or a logic high. Oiode 
coupling the restart signal into FB/SO allows the output voltage to rise and regulate without overshoot. The 
resistor divider R3/R4 shown in Figure 63 should be chosen to provide a signal level at FB/SO of 0.7 V -1.1 V. 
FB/SO is also the inverting input of the TLE2662 switched-capacitor section error amplifier, and as such can 
be used to obtain a regulated output voltage. 

COUT 
100 I1F Tantalum 

L +1 
C1 

+ 

SCOUT 

R2 

R1 

2 

3 

4 

5 

6 

7 

8 
SCIN-...... ---\ 

+ 
2.211F T 

10UT 

11N-

11N+ 

VCC-

SCOUT 

SCREF 

OSC 

SCIN 

16 
VCC+ 

20UT 
15 

14 
21N-

13 
21N+ 

12 
CAP-

CIN 
11 10l1F GND 

+ Tantalum 
10 -=-

CAP + ...fL 
FB/SD 

9 
R3 

R2=R1( I SCOUT I +1) 
SCREF _ 40 mV 

2 

R4 

- -
'-v-----' ~ 

Where: SCREF = 2.5 V Nominal 
Shutdown Restart 

Figure 63. Basic Regulation Configuration 

regulation 

6-460 

The error amplifier of the TLE2662 switched-capacitor section drives the npn switch to control the voltage across 
the input capacitor (CIN), which determines the output voltage. When the reference and error amplifier of the 
TLE2662 is used, an external resistive divider is all that is needed to set the regulated output voltage. Figure 63 
shows the basic regulator configuration and the formula for calculating the appropriate resistor values. R1 
should be 20 kn or greater because the reference current is limited to ±100 ).IA. R2 should be in the range of 
100 kQ to 300 kn. Frequency compensation is accomplished by adjusting the ratio of CIN to COUT. For best 
results, this ratio should be approximately 1 to 10. Capacitor C1, required for good load regulation, should be 
0.002 !iF for all output voltages. 
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TLE2662 
DUAL IlPOWER JFET-INPUT OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
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APPLICATION INFORMATION 

The functional block diagram shows that the maximum regulated output voltage is limited by the supply voltage. 
For the basic configuration, I SCOUT I referenced to GND of the TLE2662 must be less than the total of the 
supply voltage minus the voltage loss due to the switches. The voltage loss versus output current due to the 
switches can be found in the typical performance curves. 

capacitor selection 

While the exact values of CIN and COUT are noncritical, good-quality low-ESR capacitors such as solid 
tantalum are necessary to minimize voltage losses at high currents. For CIN, the effect of the equivalent series 
resistance (ESR) of the capacitor is multiplied by four, since switch currents are approximately two times higher 
than output current. Losses occur on both the charge and discharge cycle, which means that a capacitor with 
1 n of ESR for CIN has the same effect as increasing the output impedance of the switched-capacitor section 
by 4 n. This represents a significant increase in the voltage losses. COUT is alternately charged and discharged 
at a current approximately equal to the output current. The ESR of the capacitor causes a step function to occur 
in the output ripple at the switch transitions. This step function degrades the output regulation for changes in 
output load current and should be avoided. A technique used is to parallel a smaller tantalum capacitor with a 
large aluminum electrolytic capacitor to gain both low ESR and reasonable cost. 

output ripple 

The peak-to-peak output ripple is determined by the output capacitor and the output current values. 
Peak-to-peak output ripple is approximated as shown in equation 4: 

where: 

10 
flV = 2 fC o 

fN = peak-to-peak ripple 
fosc = oscillator frequency 

(4) 

For output capacitors with significant ESR, a second term must be added to account for the voltage step at the 
switch transitions. This step is approximately equal to equation 5: 

(5) 

power dissipation (switched-capacitor section only) 

The power dissipation of any TLE2662 circuit must be limited so that the junction temperature of the device does 
not exceed the maximum junction temperature ratings. The total power dissipation is calculated from two 
components, the power loss due to voltage drops in the switches, and the power loss due to drive current losses. 
The total power dissipated by the TLE2662 is calculated as shown in equation 6: 

(6) 

where both V CC and SCOUT refer to GND. The power dissipation is equivalent to that of a linear regulator. Due 
to limitations of the DW package, steps must be taken to dissipate power externally for large input or output 
differentials. This is accomplished by placing a resistor in series with CIN as shown in Figure 64. A portion of 
the input voltage is dropped across this resistor without affecting the output regulation. Since switch current is 
approximately 2.2 times the output current and the resistor causes a voltage drop when CIN is both charging 
and discharging, the resistor chosen is as shown in equation 7. 
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APPLICATION INFORMATION 

power dissipation (continued) 

RX = VX/(4.4 10 ) 

where: 

V X ... V CC- [(TLE2662 voltage loss) (1.3) + I vol] 

(7) 

and lOUT = maximum required output current. The factor of 1.3 allows some operating margin for the TLE2662. 

When using a 12-V to -5-V converter at 100-mA output current, calculate the power dissipation without an 
extemal resistor as shown in equation 8. 

P = (12 V - I - 5 V I ) (100 mA) + (12 V) (100 mA) (0.2) (8) 

P = 700 mW + 240 mW = 940 mW 

16 
COUT 1 OUT VCC+ 

+1 2 15 L 
C1 11N- 20UT 

3 14 
+ 11N+ 21N-

SCOUT 4 13 
VCC- 21N+ 

R2 5 12 
SCOUT CAP-

R1 6 11 
SCREF GND ClN 

+ 
7 10 -::-

OSC CAP + 
Rx 

8 9 
SCIN FBISD 

+ 

T SCIN 

Figure 64. Power-Dlssipation-Limiting Resistor in Series With CIN 

At 9JA of 130°CIW for a commercial plastic device, a junction temperature rise of 122°C is seen. The device 
exceeds the maximum junction temperature at an ambient temperature of 25°C. To calculate the power 
dissipation with an external-resistor (Rx), determine how much voltage can be dropped across Rx. The 
maximum voltage loss of the TLE2662 in the standard regulator configuration at 100 mA output current is 1.6 V 
(see equation 9). 

Vx = 12 V - [(1.6 V) (1.3) + 1-5 VI] = 4.9 V (9) 

and 

RX = 4.9 V/(4.4) (100 mA) = 11 g 
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APPLICATION INFORMATION 

The resistor reduces the power dissipated by the TLE2662 by (4.9 V) (100 mA) = 490 mW. The total power 
dissipated by the TLE2662 is equal to (940 mW - 490 mW) = 450 mW. The junction temperature rise is 58°C. 
Although commercial devices are functional up to a junction temperature of 125°C, the specifications are tested 
to a junction temperature of 100°C. In this example, this means limiting the ambient temperature to 42°C. To 
allow higher ambient temperatures, the thermal resistance numbers for the TLE2662 packages represent 
worst-case numbers with no heat sinking and still air. Small clip-on heat sinks can be used to lower the thermal 
resistance of the TLE2662 package. Airflow in some systems helps to lower the thermal resistance. Wide PC 
board traces from the TLE2662 leads helps to remove heat from the device. This is especially true for plastic 
packages. 

basic voltage inverter 

The switched-capacitor block is connected as a basic voltage inverter with regulation as shown in Figure 65. 
The magnitude of SCIN must exceed that of the desired SCOUT to accommodate voltage losses due to 
switching and regulation. Losses of 1 V to 2 V are typical. 

..L 
-= 

100I1F 16 

+1 
10UT VCC+ 

2 15 
0.00211F 11N- 20UT 

3 14 
+ 11N+ 21N-

SCOUT 4 13 
VCC- 21N+ 

R2 5 12 
SCOUT CAP-

R1 6 11 
SCREF GND 

7 10 
OSC CAP+ 

8 9 
SCIN SCIN FB/SD 

+ 
211FT 

-= 

R2=",( Isco",1 +1) = R1 C SCOUT I 1 ) 
SCREF _ 40 mV 1.121 V + 

2 

Figure 65. Basic Voltage Inverter/Regulator 
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positive voltage doubler 

In this configuration (see Figure 66), the voltage converter is configured as a positive voltage doubler providing a 
higher positive rail, approximately 9 V for the amplifiers or other extemal circuitry. Filtering (not shown) of the output 
of the doubler may be necessary. 

2 

3 

4 

-=- 6 

7 

8 
5V 

+ 
2J.lFT 
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10UT VCC+ 

11N- 20UT 

11N+ 21N-

vCC- 21N+ 

SCOUT CAP-

SCREF GND 

OSC CAP+ 

SCIN FBISD 

1N4001 

16 

15 

L- Output 
~ Signal 

14 L Input 
1------~I/VIy---l\ Signal 

13 

12 

11 

10 

9 10J.lF 
+ 

+ T 100J.lF 

Figure 66. Voltage Converter Configured as Positive Doubler 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75266 

R 

R 

Vo 



TLE2682 
HIGH·SPEED JFET·INPUT DUAL OPERATIONAL AMPLIFIER 

WITH SWITCHED·CAPACITOR VOLTAGE CONVERTER 

• Single-Supply Operation With Rail-to-Rail 
Inputs 

OW PACKAGE 
(TOP VIEW) 

• ± 30-rnA Min Short-Circuit Output Current 

• Wide Vee Range ..• 3.5 V to 15 V 
1 OUT Vcc+ 
1 IN- 2 OUT 

• VOUT Supplies up to 100 rnA for External 11N+ 3 21N-
Loads Vcc- 4 21N+ 

• Shutdown Mode VOUT 5 CAP-

• External 2.5-V Voltage Reference Available 

• 40-Vl/lS Slew Rate Typ 
• High Gain-Bandwidth Product ••. 10 MHz 

VREF 6 

OSC 7 CAP+ 

VIN 8 FB/SO 

description 

The TLE2682 offers the advantages of JFET-input operational amplifiers and rail-to-rail common-mode input 
voltage range with the convenience of single-supply operation. By combining a switched-capacitor voltage 
converter with a dual operational amplifier in a single package, Texas Instruments now gives circuit designers 
new options for conditioning low-level signals in single-supply systems. 

The TLE2682 features two high-speed, high-output drive JFET-input operational amplifiers with a switched
capacitor building block. Using two external capacitors, the switched-capacitor network can be configured as 
a voltage inverter generating a negative supply voltage capable of sourcing up to 100 mAo This supply functions 
not only as the amplifier'S negative rail but is also available to drive external circuitry. In this configuration, the 
amplifier common-mode input voltage range extends from the positive rail to below ground, thus providing true 
rail-to-rail inputs from a single supply. Furthermore, the outputs can swing to and below ground while sinking 
over 25 mAo This feature was previously unavailable in operational amplifier circuits. The TLE2682 operational 
amplifier section has output stages that can drive 20-mA loads to 2.3 V with a 5-V rail. With a 2-mA load, the 
output swing extends to 3.9 V. 

This amplifier design features a 25-VlJ.LS minimum slew rate, which results in a high-power bandwidth. Settling 
time to 0.1 % of a 10-V step (1-knt1 OO-pF load) is approximately 400 ns. Gain-bandwidth product is typically 
10 MHz with an 8-MHz minimum. The TLE2682 offers significant speed and noise advantages at a low 1.5-mA 
typical supply current per channel. 

The TLE2682 features a shutdown pin (FB/SO), which can be used to disable the switched-capacitor section. 
When disabled, the switched-capacitor voltage converter block draws less then 150 I1A from the power supply, 
VIN· 

The switched-capacitor voltage converter block also provides an on-board regulator; with the addition of an 
external divider, a well-regulated output voltage is easily obtained. The internal oscillator runs at a nominal 
frequency of 25 kHz. This can be synchronized to an external clock signal or can be varied using an external 
capacitor. A 2.5-V reference is brought out to VREF for use with the on-board regulator or external circuitry. 
Additional filtering can be added to minimize switching noise. 

The TLE2682 is characterized for operation over the industrial temperature range of -40°C to 85°C. This device 
is available in a 16-pin wide-body surface-mount package. 

AVAILABLE OPTION 

PACKAGE 

TA SMALL OUTLINE 
(OW) 

-40°C to 85°C TLE268210W 

The OW package is available taped and reeled. Add 
the suffix R to the device type, (i.e., TLE268210WR). 
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functional block diagram 

1 OUT 

1 IN-
2 

11N+ 
3 

YCC-
4 

YOUT 
5 

YREF 
6 

OSC 
7 

YIN 
8 

r---------------~ I Amplifier Block I 

L _______________ ~ 

.-------~ 

SWitched
Capacitor 

Block 

L ______ ..1 

ACTUAL DEVICE 
COMPONENT COUNT 

AMPLIFIER SWITCHED-
BLOCK CAPACITOR BLOCK 

Translstora 57 TranSistors 

Resistors 37 Resistors 

Diodes 5 Diodes 
Capacitors 11 Capacitors 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, VIN (see Note 1) ............................................................ 16 V 
Supply voltage, Vcc+ (see Note 2) .......................................................... 16 V 
Supply voltage, V cc- (see Note 2) ......................................................... -16 V 
Differential input voltage, VIO (see Note 3) ................................................... 32 V 
Input voltage, VI (any input of amplifier) (see Note 2) ......................................... VCC± 
Input voltage range, VI (FB/SD) (see Note 1) ............................................ 0 V to VIN 
Input voltage range, VI (OSC) (see Note 1) ............................................. 0 V to VREF 
Input current, II (each input of amplifier) .................................................... ± 1 mA 
Output current, 10 (each output of amplifier) ............................................... ± 80 mA 
Total current into VCC+ .................................................................. 160 mA 
Total current out of Vcc- ................................................................ 160 mA 
Duration of short-circuit current at (or below) TA = 25°C (see Note 4) (each amplifier) .......... unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Junction temperature (see Note 5) ......................................................... 150°C 
Operating free-air temperature range, T A ........................................... -40°C to 85°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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. Voltage values are wHh respect to the switched-capacitor block GND pin. 
2. Voltage values, except differential voltages, are with respect to the midpoint between vcc+ and VCe-. 
3. Differential voltages are at IN+ with respect to IN-. 
4. 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. 
5. The devices are functional up to the absolute maximum junction temperature. 

DISSIPATION RATING TABLE 

PACKAGE 
TA';; 25°C DERATING FACTOR TA = 70°C TA = 85°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING 

DW 1025 mW 8.2 mW/oC 656 mW 533 mW 

recommended operating conditions 

Supply voltage, VCC+IVIN 

Common-mode input voltage, VIC 

Output current at VOUT, 10 

Operating free-air temperature, TA 

IVCC±=±5V 

IVCC±=±15V 
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-1 

-11 

0 
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MAX UNIT 

15 V 

5 
V 

15 

100 mA 

85 °C 

6--467 



TLE2682 
HIGH-SPEEDJFET-INPUT DUAL OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS127-JUNE 1993 

OPERATIONAL AMPLIFIER SECTION 

electrical characteristics at specified free-air temperature, Vcc± = ±5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

Via Input offset voltage VIC=O. VO=O. 
RS=50Q 

aVIO Temperature coefficient of input offset voltage 

110 Input offset current 
VIC=O. VO=O. 
See Figure 4 

liB Input bias current 

VICR Common-mode input voltage range RS=50Q 

10 =-200 flA 

VOM+ Maximum positive peak output voltage swing 10=-2mA 

10 =-20 mA 

10 = 200 flA 

VOM- Maximum negative peak output voltage swing 10=2mA 

10=20mA 

RL= 600 Q 

AVD Large-signal differential voltage amplification Va =±2.3V RL=2kQ 

RL=10kQ 

rj Input resistance VIC=O 

VIC =0. Common mode 
ci Input capacitance See Figure 5 I Differential 

zo Open-loop output impedance f=1 MHz 

VIC = VICRmin. VO=O. CMRR Common-mode rejection ratio 
RS=50Q 

VCC±=±5Vto±15V. 
kSVR Supply-voltage rejection ratio (Ll.VCC±/Ll.VIO) 

VO=O RS=50Q 

ICC Supply current (both channels) VO=O. No load 

ax Crosstalk attenuation VIC=O. RL=2 kQ 

VID= 1 V 
lOS Short-circuit output current VO=O 

VID=-1 V 

t Full range IS -40°C to 85°C. 
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TAt MIN TYP MAX UNIT 

25°C 0.9 7.5 

Full range 9 
mV 

Full range 2.4 25 Ilvrc 
25°C 5 100 

pA 
Full range 950 

25°C 15 175 pA 

Full range 2 nA 

5 5 
25°C to to 

-1 -1.9 
V 

5 
Full range to 

-0.8 

25°C 3.8 4.1 

Full range 3.7 

25°C 3.5 3.9 

Full range 3.4 
V 

25°C 1.5 2.3 

Full range 1.5 

25°C -3.8 -4.2 

Full range -3.7 

25°C -3.5 -4.1 

Full range -3.4 
V 

25°C -1.5 -2.4 

Full range -1.5 

25°C 75 91 

Full range 74 

25°C 85 100 

Full range 
dB 

84 

25°C 90· 106 

Full range 89 

25°C 1012 Q 

25°C 11 

25°C 2.5 
pF 

25°C 80 Q 

25°C 70 89 
dB 

Full range 68 

25°C 82 99 

Full range 80 
dB 

25°C 2.7 2.9 3.6 

Full range 3.6 
mA 

25°C 120 dB 

-35 
25°C 

45 
mA 
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operating characteristics at specified free-air temperature, VCC± = ±5 V 

PARAMETER 

SR+ PosHive slew rate 

SR- Negative slew rate 

Setllingtime 

Vn Equivalent input noise voltage 

VN(PP) Peak-Io-peak equivalent input noise voltage 

In Equivalent input noise current 

THO+N Total harmonic distortion plus noise 

Bl Unity-gain bandwidth 

BOM Maximum output-swing bandwidth 

'i>m Phase margin at unity gain 

t Full range is 40°C to 85°C. 

TEST CONDITIONS 

VO(pp)=±2.3V, 
AVO=-l, RL=2kQ, 
CL= l00pF, See Figure 1 

AVO=-l, Tol0mV 
2-Vslep, 
RL= 1 kQ, 

Tol mV CL=100pF 

1 = 10 Hz 

1=10kHz 

RS=20Q, 1=10Hzto 
See Figure 3 10kHz 

1=0.1 Hz 10 
10Hz 

VIC=O, 1= 10 kHz 

VO(pp)=5V, AVO = 10, 
1= 1 kHz, RL=2kn, 
RS=250 

VI = 10mV, RL= 2 kg, 
CL=25pF, See Figure 2 

VO(pp)=4V, AVO=-l, 
RL=2kg, CL=25pF 

VI = 10 mY, RL=2 kg, 
CL=25pF, See Figure 2 
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TAt MIN TYP MAX UNIT 

25°C 35 
V/!1S 

Full range 20 

25°C 38 

Full range 20 
V/!1S 

0.25 
25°C !1S 

0.4 

28 
25°C nVNHz 

11.6 

6 

25°C !LV 
0.6 

25°C 2.8 IAI¥Z 

25°C 0.013% 

25°C 9.4 MHz 

25°C 2.8 MHz 

25°C 56° 
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TLE2682 
HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOSI27-JUNE 1993 

electrical characteristics at specified free-air temperature, V cc± = ±15 V (unless otherWise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltege VIC=O, VO=O, 

aVIO Temperature coefficient of input offset voltage 
RS=50n 

110 Input offset current 
VIC =0, VO=O, 
See Figure 4 

liB Input bias current 

VICR Common-mode input voltage range RS=50n 

10 =-200 jlA 

VOM+ Maximum positive peak output voltege swing 10=-2mA 

10=-20mA 

10 = 200 jlA 

VOM- Maximum negative peak output voltege swing IO=2mA 

10=20mA 

RL=600n 

AVO Large-signal differential voltege amplification VO=±10V RL=2 kn 

RL=10kn 

I'j Input resistence VIC=O 

VIC=O, Common mode 
ci Input capacitence 

See Figure 5 Differential 

Zo Open-loop output impedance f=1 MHz 

VIC = VICRmin, VO=O, 
CMRR Common-mode rejection ratio 

RS=50n 

VCC± = ±5 V to±15 V, 
ksVR Supply-voltege rejection ratio (aVCC±/LWIO) 

VO=O, RS=50n 

ICC Supply current (both channels) VO=O, No load 

ax Crosstelk attenuation VIC=O, RL=2kn 

VID=1 V 
lOS Short-circuit output current VO=O 

VID=-1 V 

t Full range IS -40°C to 85°C. 

6-470 
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TAt MIN TYP MAX UNIT 

25°C 1.1 7.5 
mV 

Full range 9 

Full range 2.4 25 jlV/oC 

25°C 6 100 

Full range 950 
pA 

25°C 20 175 pA 

Full range 2.5 nA 

25°C 
15to 15to 
-11 -11.9 

V 

Full range 
15to 

-10.8 

25°C 13.8 14.1 

Full range 13.7 

25°C 13.5 13.9 
V 

Full range 13.4 

25°C 11.5 12.3 

Full range 11.5 

25°C -13.8 -14.2 

Full range -13.7 

25°C -13.5 -14 
V 

Full range -13.4 

25°C -11.5 -12.4 

Full range -11.5 

25°C 75 96 

Full range 74 

25°C 90 109 
dB 

Full range 89 

25°C 90 118 

Full range 89 

25°C 1012 n 

25°C 7.5 

25°C 2.5 
pF 

25°C 80 n 

25°C 80 98 
dB 

Full range 79 

25°C 82 99 
dB 

Full range 80 

25°C 2.7 3.1 3.6 
mA 

Full range 3.6 

25°C 120 dB 

-30 -45 
25°C mA 

30 48 



TLE2682 
HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS127-JUNE 1993 

operating characteristics at specified free-air temperature, VCC± = ±15 V 

PARAMETER 

SR+ Positive slew rate 

SR- Negative slew rate 

Settling time 

Vn Equivalent input noise voltage 

VN(PP) Peak-to-peak equivalent input noise voltage 

In Equivalent input noise current 

THo+N Total harmonic distortion plus noise 

B1 Unity-gain bandwidth 

BOM Maximum output-swing bandwidth 

~m Phase margin at unity gain 

t Full range IS -40°C to 85OC. 

TEST CONDITIONS 

VO(pp)=±10V, 
AVO=-1, RL=2kO, 
CL= 100pF, See Figure 1 

AVO=-1, To 10mV 
10-V step, 
RL = 1 k{l, 

T01 mV 
CL= 100pF 

1= 10 Hz 

1=10kHz 

RS=200, 1 = 10 Hz to 
See Figure 3 10 kHz 

1=0.1 Hzto 
10 Hz 

VIC=O, 1 = 10 kHz 

VO(PP) = 20 V, AVO = 10, 
1= 1 kHz, RL = 2 k{l, 
RS = 250 

VI=10mV, RL = 2 k{l, 
CL=25pF, See Figure 2 

VO(PP) = 20 V, AVo=-1, 
RL = 2 k{l, CL=25pF 

VI=10mV, RL = 2 k{l, 
CL=25pF, See Figure 2 
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TAt MIN TYP MAX UNIT 

25°C 25 40 
V/IJ.S 

Full range 20 

25°C 25 45 

Full range 20 
V/IlS 

0.4 
25°C IJ.S 

1.5 

28 
25°C nVNHz 

11.6 

6 

25°C IlV 
0.6 

25°C 2.8 IAI...JHz 

25°C 0.008% 

25°C 8 10 MHz 

25°C 478 637 kHz 

25°C 57" 
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TLE2682 
HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS127-JUNE 1993 

SWITCHED-CAPACITOR SECTION 

electrical characteristics over recommended supply voltage range (unless otherwise noted) 

PARAMETER TEST CONDInONSt 

Regulated output voltage, VCC = 5 V, TJ =25°C, RL(VOUT) = 500 n, See Note 6 

VOUT VCC = 7 V, TJ =25°C, RL(VOUT) = 500 n, See Note 7 

VCC=5Vto 15V, RL(VOUT) = 500 n, See Note 6 
Input regulation 

VCC=7VtoI2V, RL(VOUT) = 500 0, See Note 7 

VCC=5V, RL(VOUT) = 100 0 to 500 0 
Output regulation 

VCC=7V, RL(VOUT) = 1000 to 500 0 

Voltage loss, VCC -I VOUTI VCC=7V, 110=10mA 
(see Note 8) CIN = COUT = 1 OO-ItF tantalum 110=100mA 

Output resistance AIO = 10 rnA to 100 rnA, See Note 9 

Oscillator frequency 

VCC=5V, Iref = 50 ItA 
Reference voltage, Vref 

VCC=7V, Iref = 60 ItA 

Maximum swHch current 
.. t Data applies for the swHched-capacltor block only. Amplifier block IS not connected . 

:I: Full range is -40°C to 85°C. 

TA* 

25°C 

25°C 

Full range 

Full range 

Full range 

Full range 

Full range 

Full range 

Full range 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

MIN TYP MAX UNIT 

-3.75 -4 -4.25 
V 

-4.7 -5 -5.2 

7 27 
mV 

5 25 

20 140 
mV 

20 70 

0.35 0.55 
V 

1.1 1.8 

10 15 0 

15 25 35 kHz 

2.35 2.5 2.65 

2.25 2.75 
V 

2.35 2.5 2.65 

2.25 2.75 

300 rnA 

NOTES: 6. Regulation specifications are for the switched-capacitor section connected as a positive to negative converter I regulator 
(see Figure 105) with Rl = 23.7 kn, R2 = 102.2 kn, CIN = 10 ItF (tantalum), COUT = 100 ItF (tantalum), and Cl = 0.002ItF. 

7. Regulation specifications are for the swilched-capacHor section connected as a positive to negative converter/regulator 
(see Figure 105) with Rl = 20 kn, R2 = 102.5 kn, CIN = 10 ItF (tantalum), COUT = 100 ItF (tantalum) and Cl = 0.002ItF. 

8. For voltage-loss tests, the switched-capacitor section is connected as a voltage inverter, with VREF, OSC, and FB/SO (pins 6, 7, 
and 9) unconnected. The voltage losses may be higher in other configurations. 

9. Output resistance is defined as the slope olthe curve (AVO vs AIO) for output currents of lOrnA to 100 rnA. This represents the linear 
portion of the curve. The incremental slope olthe curve are higher at currents less than lOrnA due to the characteristics olthe switch 
transistors. 

AMPLIFIER AND SWITCHED-CAPACITOR SECTIONS CONNECTED 

electrical characteristics, VIN = Vcc+ = 5 V, TA = 25°C (see Figure 6) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

RL=10kCl 4.1 

VOM+ Maximum positive peak output voltage swing RL = 600 0 3.6 V 

RL=1000 2.3 

RL=10kCl -3.9 

VOM- Maximum negative peak output voltage swing RL = 600 0 -3.3 V 

RL=1000 -1.9 

RL=10kCl 0.55 

Voltage loss, VIN-IVOUTI (see Note 8) 
VID =-100 mV, 

RL = 600 0 0.65 V 
CIN = COUT = 100-ItF tantalum 

RL= 1000 0.9 

NOTE 8: For voltage-loss tests, the switched-capacitor section is connected as a voltage inverter, with VREF, OSC, and FB/SO (pins 6, 7, 
and 9) unconnected. The voltage losses may be higher in other configurations. 
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TLE2682 
HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOSI27-JUNE 1993 

supply current (no load), T A = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Supply current VCC+ = 5 V, VIN=5V, VFBlSO = 2.5 V, VO=O 8.9 

Supply current in shutdown VCC+=5V, VIN = 5 V, VFBlSO=OV 2.5 

PARAMETER MEASUREMENT INFORMATION 

2kn 10kn 

t Includes fixture capacitance t Includes fixture capacitance 

Figure 1. Slew-Rate Test Circuit Figure 2. Unity-Gain Bandwidth 
and Phase-Margin Test Circuit 

2kn 

Vo 
Vo 

RS 

Figure 3. Noise-Voltage Test Circuit Figure 4. Input-Bias and 
Offset-Current Test Circuit 

IN- -+-..... ----1 

IN+ -+--+--"+-; Vo 

Figure 5. Internal Input Capacitance 
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UNIT 

rnA 

rnA 
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HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS127-JUNE 1993 

PARAMETER MEASUREMENT INFORMATION 

typical values 

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

input bias and offset current 

At the picoampere bias-current level typical of the TLE2682, accurate measurement of the bias currents 
becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages can easily 
exceed the actual device bias currents. To accurately measure these small currents, Texas Instruments uses 
a two-step process. The socket leakage is measured using picoammeters with bias voltages applied, but with 
no device in the socket. The device is then inserted in the socket, and a second test is performed that measures 
both the socket leakage and the device input bias current (see Figure 6). The two measurements are then 
subtracted algebraically to determine the bias current of the device. 

RL 16 
1 OUT Vcc+ 5V 

-::-
2 15 

0.111F + 2 F 
1 IN- 2 OUT T"I'11 

3 14 RL 
11N+ 21N-

-::-
4 13 ' 

vcc- 21N+ 
TLE2682 

12 
VOUT CAP-

1N4933 
6 11 CIN 

VREF GND 

-::-

6-474 

7 
OSC CAP + 

8 
VIN FB/SD 

Figure 6. Bias-Current Test Circuit 
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aVIO 

110 

liB 

VIC 

VID 

VOM+ 

VOM-

VO(PP) 

Vo 

AVO 

CMRR 

kSVR 

ICC 

lOS 

SR 

Vn 

Vn 

THD+N 

B1 

Am 
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TLE2682 
HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 

TYPICAL CHARACTERISTICS 

Table of Graphs for Operational Amplifier Section 

Input offset voltage Distribution 

Temperature coefficient of input offset voltage Distribution 

Input offset current vs Free-air temperature 

Input bias current 
vs Free-air temperature 
vs Supply voltage 

Common-mode input voltage range vs Free-air temperature 

Differential input voltage vs Output voltage 

vs Output current 
Maximum positive peak output voltage vs Free-air temperature 

vs Supply voltage 

vs Output current 
Maximum negative peak output voltage vs Free-air temperature 

vs Supply voltage 

Maximum peak-to-peak output voltage vs Frequency 

Output voltage vs Settling time 

vs Load resistance 
Large-signal differential voltage amplification vs Free-air temperature 

vs Frequency 

Common-mode rejection ratio 
vs Frequency 
vs Free-air temperature 

, 
vs Frequency 

Supply voltage rejection ratio vs Free-air temperature 

vs Supply voltage 
Supply current vs Free-air temperature 

vs Differential input voltage 

vs Supply voltage 
Short-circuit output current vslime 

vs Free-air temperature 

vs Free-air temperature 
Slew rate vs Load resistance 

vs Differential input voltage 

Equivalent input noise voltage vs Frequency 

Input-referred noise voltage 
vs Noise bandwidth 
Over a 10-second time interval 

Third-octave spectral noise density vs Frequency 

Total harmonic distortion plus noise vs Frequency 

Unity-gain bandwidth vs Load capacitance 

Gain-bandwidth product 
vs Free-air temperature 
vs Supply voltage 

Gain margin vs Load capacitance 

vs Free-air temperature 
Phase margin vs Supply voltage 

vs Load capacitance 

Phase shift vs Frequency 
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TYPICAL CHARACTERISTICS 

Table of Graphs for Operational Amplifier Section (Continued) 

Zo 

ax 

ICC 

losc 

lavg 

Vo 

aVREF 

6-476 

Large-signal pulse response, noninverting vsTIme 

Small-signal pulse response vsTIme 

Output impedance vs Frequency 

Crosstalk attenuation vs Frequency 

Table of Graphs for Switched-Capacitor Section 

Shutdown threshold voltage vs Free-air temperature 

Supply current vs Input voltage 

Oscillator Irequency vs Free-air temperature 

Supply current in shutdown vs Input voltage 

Average supply current vs Output current 

Output voltage loss vs Input capacitance 

Output voltage loss vs Oscillator frequency 

Regulated output voltage vs Free-air temperature 

Reference voltage change vs Free-air temperature 

Voltage loss vs Output current 
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TLE2682 
HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 

WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 

TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

SLOSI27-JUNE 1993 

DISTRIBUTION OF TLE2682 
INPUT OFFSET VOLTAGE 

DISTRIBUTION OF TLE2682 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

310 Amplifiers 
27 VCC±=±15V 

TA = -40to 85°C 
24 

21 I--__+_-+-__+_-

181--__+_-+-__+_-

15 I---f-----II--_+_ 

12 I---f---'I--_+_ 

6 I---+---+- 9 I---f----I--_+_ 

~ 100 
I 

-2.4 -0.8 0.8 2.4 

VIO -Input Offset Voltage - mV 

Figure 7 

INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT 

vs 
FREE-AIR TEMPERATURE 

VCC±=+5V 

VIC=O I = (.) 
10 E VO=O 

1i 

~ 
I 
.5 
'0 
C 
1\1 

J 
ID 

I 
.5 
I 
g 

0.1 

0.01 

l 
_!!! 0.001 

-55 

liB 

--- ./ 
110 

-35 -15 5 25 45 

TA - Free-Air Temperature - °C 

Figure 9 

4 

./ 

/ 

~ 

65 85 

'" c 
I 

~ 
~ = (.) 

I 
'5 
Q. 

.5 
'0 
C os .. 
.!!! 
ID 
'5 
Q. 

.5 
I 

g 
~ 
1\1 

61---+--1---

3 1---+---\

o'----....... a 
-24 -18 -12 -6 0 6 12 18 24 30 

100 

10 

0.1 

0.01 

aVIO - Temperature Coefficient -)lvrc 
Figure 8 

INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT 

vs 
FREE-AIR TEMPERATURE 

VCC±=±15V 
VIC=O 
VO=O 

liB 

- ./ -- ...... 

~ 

110 

ID 0.001 = -55-35 -15 5 25 45 65 85 
TA - Free-Air Temperature - °C 

Figure 10 

t Data applies to the operational amplifier block only. Switched·capacitor block is not supplying VCC- supply. 
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TLE2682 
HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS127-JUNE 1993 , 

TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

INPUT BIAS CURRENT 
vs 

COMMON·MODE INPUT VOLTAGE RANGE 
vs 

SUPPLY VOLTAGE TEMPERATURE 

106 

105 

"" a. 
I 

104 

Vicmax = VCC+ l I r- Vlcmin - TA=85°C -~ & 
:Ill VCC+-0.5 

5 I 
RS=50Q 

Vicmax 

C 
~ I ~ 

:; 
: 

" 0 
OJ 103 

.!!! 
m 
:; 
a. 

102 .5 
I 

~ 
10 

1 

400 

300 
> ::t 
I 200 CD 
al 

:Ill 
~ 100 
:; 
a. 
.5 0 
]I 
C 

-100 I!! 
~ 
Q -200 I 
Q 

'> -300 

-400 

I 

I V 
(/ 

I 

I TA=25°C --/ i.-

f TA=-4O°C 

-I 1 
o 5 10 15 20 25 30 35 

Vcc - Total Supply Voltage (Referred to Vcc-l - V 

Figure 11 

DIFFERENTIAL INPUT VOLTAGE 
vs 

OUTPUT VOLTAGE 

VCC±=±5V 
_ VIC=O 

RS=50Q 
TA=25°C 

RL=6000 

I 1 1 

RLI=10~ 
RL=2 kO 

i'--

I---

/ V RL= 10kO 

I> io' 
RL=2 kO 

I I 

RL = ~OO ci 

a. 
.5 VCC-+3. 

~ ::;; 
c Vcc-+ 
~ 
E o 
<t Vcc-+ 2. 

~ 

5 -"- Vlcmin 

3 -
5 

2 Vcc-+ 
-55 -35 -15 5 25 45 65 85 

400 

300 

~ 
I 200 CD , 
~ 100 
:; 
a. 
.5 0 
iU 
~ 

-100 I!! 
:E 
Q 

-200 I 
Q 

'> -300 

-400 

TA - Free-Air Temperature - °C 

Figure 12 

DIFFERENTIAL INPUT VOLTAGE 
vs 

OUTPUT VOLTAGE 

VCC±=±15V 
r- VIC=O 

RS=50Q 
TA=25°C RL=600Q 

I 
I RL=2kQ~ 

,/-RL=10kO 

,...-~" 
RL=10kO 

'/ IRL =2kO 

I RL=600
1
Q 

( 
-5 -4 -3 -2 -1 0 2 3 4 5 -15 -10 -5 o 5 10 15 

Vo - Output Voltage - V 

Figure 13 
Vo - Output Voltage - V 

Figure 14 

t Data applies to the operational amplifier block only. Switched-capacitor block is not supplying VCC- supply. 
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TLE2682 
HIGH·SPEED JFET·INPUT DUAL OPERATIONAL AMPLIFIER 

WITH SWITCHED·CAPACITOR VOLTAGE CONVERTER 

TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

SLOS127 - JUNE 1993 

MAXIMUM POSITIVE PEAK OUTPUT VOLTAGE 
vs 

MAXIMUM NEGATIVE PEAK OUTPUT VOLTAGE 
vs 

> 15 
I t 13.5 

~ 12 
"5 
~ 10.5 
o ... 
i 
!! 

~ 
E 
::s 
S 
"r: 
:0 
I 
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:::E o 
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"5 
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CD a. 
S ::s 
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:::E 
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:0 
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> 
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6 

4.5 

3 

1.5 

o 

5 

4 

3 

2 

0 

-1 

-2 

-3 

-4 

-5 

OUTPUT CURRENT 

~ --~ ~ .. 
~ TA=-40°C 

\ " , 
\ TA = 25°C 

\ 
\ TA=85°C 

r VCC±=±15V 
II I 

o -5 -10 -15-20-25-30-35-40-45-50 

10 - Output Current - rnA 

Figure 15 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

10 =-200 IJA 

10=-2mA 

.I .l 
10=-20mA 

VCC±=±5V -

10=20mA 

10=JmA 

10 = 200IJA 

> 
I 

CD 
-15 

~ -13.5 

~ 
"5 -12 

~ o -10.5 ... 
i -9 

!! -7.5 

I -6 
s ::s 
S 

-4.5 

'r: -3 

-1.5 

OUTPUT CURRENT 

-...... I- -...... -...... I I t--. TA=-40°C 

'\ r-. ~I I 
'I 

TA=25°C 

1\ 
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\ 

- VCC±=±15V 

:0 
I 
I 

:::E o 
> o 

o 
i 'I I 
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10 - Output Current - rnA 

15 

> 14.5 
I 

CD 
D) 14 :Ill 
~ 13.5 
"5 
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S 
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::!!i 
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10 

Figure 16 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I I T 
10= 200~ 

f-- 10 = -200 IlA -..:.... 

T/ [7'" 
10=2mA /' 

"7 

10=-2mA 
I 

10=20mA 

10=-20mA --
f- VCC+ = ±15 V 

T- I 
-55 -35 -15 5 25 45 65 85 -55 -35 -15 5 25 45 65 85 

TA - Free-Air Temperature - °C TA - Free-Air Temperature - °C 

Figure 17 Figure 18 

t Data applies to the operational amplifier block only. Switched-capacitor block is not supplying VCC- supply. 
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TLE2682 
HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
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TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE FREQUENCY 

25 
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Figure 19 
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vs 
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Figure 21 
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t Data applies to the operational amplifier block only. Switched-capacitor block is not supplying VCC- supply. 
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t Data applies to the operational amplHier block only. Switched-capacitor block is not supplying VCC- supply. 
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t Data applies to the operational amplifier block only. Switched-capacitor block is not supplying VCC- supply. 
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t Data applies to the operational amplifier block only. Sw~ched·capacitor block is not supplying VCC- supply. 
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t Data applies to the operational amplifier block only. SwitchBd.ocapacitor block is not supplying VCC- supply. 
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t Data applies to the operational amplifier block only. Switched-capacitor block is not supplying VCC- supply. 
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t Data applies to the operational amplifier block only. Switched-capacitor block is not supplying VCC- supply. 
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t Data applies to the operational amplifier block only. Switched-capacitor block is not supplying VCC- supply. 
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t Data applies to the operational amplifier block only. SWitched-capacitor block is not supplying VCC- supply. 
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TYPICAL CHARACTERISTICSt 
OPERATIONAL AMPLIFIER SECTION 
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t Data applies to the operational amplifier block only. Switched-capacitor block is not supplying VCC- supply. 
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t Data applies to the operational amplifier block only. Switched-capacitor block is not supplying VCC- supply. 
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t Data applies to the switched-capacitor block only. Amplifier block is not connected. 
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SWITCHED-CAPACITOR SECTION 
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t Data applies to the switched-capacitor block only. Amplifier block is not connected. 
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TYPICAL CHARACTERISTICSt 
SWITCHED-CAPACITOR SECTION 
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t Data applies to the switched·capacitor block only. Amplifier block is not connected. 
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APPLICATION .INFORMATION 

amplifier section 

Input characteristics 

The TLE2682 is specified with a minimum and a maximum input voltage that if exceeded at either input could 
cause the device to malfunction. 

Because of the extremely high input impedance and resulting low bias-current requirements, the TLE2682 
operational amplifier section is well suited for low-level signal processing; however, leakage currents on printed 
circuit boards and sockets can easily exceed bias-current requirements and cause degradation in system 
performance. It is a good practice to include guard rings around inputs (see Figure 70). These guards should 
be driven from a low-impedance source at the same voltage level as the common-mode input. 

Unused amplifiers should be connected as grounded voltage followers to avoid potential oscillation. 

Vo Vo Vo 

Figure 70. Use of Guard Rings 

switched-capacitor section 

6-494 

Figure 71 shows the functional block diagram for the switched-capacitor block only. 
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Figure 71. Functional Block Diagram for Switched-Capacitor Block Only 
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APPLICATION INFORMATION 

The TLE2682 high-speed JFET-input amplifiers are ideal for conditioning fast signals from high-impedance sources. 
When interfacing with ADCs in single-supply 5-V systems, its on board charge pump provides the negative rail 
necessary for reliable operation of the JFET inputs and delivers a common-mode input voltage range that includes 
ground and the positive rail. The amplifiers can also drive resistive loads to 0.000 V while sinking 25 mAo 

Figure 72 shows the switched-capacitor section configured as a voltage inverter generating approximately -5-V 
supply voltage from the single 5-V supply available. Three external components are necessary: the storage 
capacitors, CIN and COUT, and a fast recovery Schottky diode to clamp VOUT during start-up. The diode is necessary 
because the amplifiers present a load referenced to the positive rail and tend to pull VOUT above ground, which may 
prevent the switched-capacitor section from starting (see section on pin functions). The amplifiers use the 5-V supply 
for Vcc+ (pin 16) and the derived -5-V supply for Vcc- (pin 4). One amplifier is shown driving an ADC; the other is 
driving a resistive load (see Figure 73) . 
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Figure 72. Switched-Capacitor Block Supplying Negative Rail for Amplifiers 
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APPLICATION INFORMATION 

5V 

Signal RIN 
From ---,\VV\,-e---I 

Signal RIN 
From --'VVI.-.f----! ToADC 

Preamplifier Transducer 

VOUT~-----------------------------------+--~ 

Voltage 
Shutdown Converter 

JL FBJSD VREF ~----------------------------------~ 

Figure 73. Equivalent Schematic: Amplifier 1 Driving Resistive Load, 
Amplifier 2 Interfacing to an ADC 

Using the switched-capacitor network to generate the negative rail for the amplifiers (or other circuitry) requires 
special design considerations to minimize the effects of ripple and switching noise. Using larger values for GOUT and 
selecting low-ESR capacitors reduces the ripple and noise present on VOUT, the - 5-V rail (refer to the capacitor 
section and the output ripple discussion in the switched-capacitor section). Figure 74 and Figure 75 show the 
smoothing effect of changing GOUT from 10 j.LF to 100 j.LF when VOUT is supplying 1 mAo Figure 76 and Figure 77 
demonstrate that at heavier loads the ripple and noise are more pronounced and while increasing the size of GOUT 
helps, other steps may be necessary. 
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APPLICATION INFORMATION 
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Figure 78. LC Filter Used to Reduce Ripple and Switching Noise, 
fr = 1127tM, A = -40 dB per Decade 

A low-pass LC filter can be added to the circuitto further reduce ripple and noise. For example, adding a filter as shown 
in Figure 78, implemented using a 50-ILH inductor and 200-ILF capacitor (available in surface mount), achieves the 
following results (see Figure 79 through Figure 82). 
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APPLICATION INFORMATION 
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See Figure 78 

o 10 20 30 40 50 80 70 80 90 100 
I-Tlme-IIB 

Figure 82 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



TLE2682 
HIGH·SPEED JFET·INPUT DUAL OPERATIONAL AMPLIFIER 

WITH SWITCHED·CAPACITOR VOLTAGE CONVERTER 
SLOS127-JUNE 1993 

APPLICATION INFORMATION 

As the load increases, filtering is still effective, but noise and ripple become more prominent (see Figure 83 through 
Figure 86): 
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APPLICATION INFORMATION 

Even with filtering, switching noise is coupled into the amplifier's signal path through ground. An example of this is 
shown in Figure 87 and Figure 88. This cannot be avoided. In systems where high-precision measurement is 
necessary, the shutdown pin, FB/SO, can be used to temporarily disable the switched-capacitor section while a 
measurement is being taken. 
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Figure 88 

By applying a voltage of less than 0.45 V to FB/SO, the internal switches are set to dump any remaining charge onto 
COUTo The voltage at VOUT decays to zero at a rate dependent on both the size of COUTand loading. During this time, 
the amplifier's outputs are free of any switching-induced ripple and noise. Figure 89 and Figure 90 show the decay 
and charge times of the negative supply when the amplifier is driving a 100-n load. 
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APPLICATION INFORMATION 
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It is important to remember that the amplifier's negative common-mode input voltage limit (VICR-) is specified as an 
offset from the negative rail. Care should be taken to ensure that the input signal does not violate this limit as VOUT 
decays. The negative output voltage swing is similarly affected by the gradual loss of the negative rail. 

This application takes advantage of the otherwise unused VREF output of the switched-capacitor block to bias one 
amplifier to 2.5 V. This is especially useful when the amplifier is followed by an AOC, keeping the signal centered in 
the middle of the converter's dynamic range. Other biasing methods may be necessary in precision systems. 

In Figure 91, VREF, R1, and R2 are used to generate a feedback voltage to the TLE2682's error amplifier. This 
voltage, fed into FB/SO, is used to regulate the voltage at VOUT, thereby further reducing output ripple. When used 
this way, there is a higher voltage loss (VIN - 1VOUTI) associated with the regulation. For example, the inverter 
generates an unregulated voltage of approximately -4.5 V from a positive 5-V source; it can achieve a regulated 
output voltage of only about -3.5 V. Though this reduces the amplifier's input and output dynamic range, both VICR
and VOL still extends to below ground. 
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Figure 91. Switched Capacitor Configured as Regulated Inverter 
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The reference voltage, though being used as part of the regulation circuitry, is still available for other uses if total 
current drawn from it is limited to under 60 IJA. The shutdown feature remains available, though a restart pulse may 
be necessary to start the switched capacitor if the voltage on COUT is not fully discharged. This restart pulse is isolated 
from the feedback loop using a blocking diode. A more detailed discussion of this configuration can be found in the 
switched-capacitor section. 

The TLE2682s switched-capacitor building block can also be configured as a positive doubler, extending the range 
of single-supply systems. This configuration is shown in Figure 92. As with the inverting configuration, noise and 
ripple components show up at the doubled output voltage and vary in magnitude with load. As before, filtering can 
be used to improve the output waveform; but unlike the voltage inverter, changing the size of COUT has little effect. 
Figure 93 through Figure 98 illustrate the effects of loading and filtering. 
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VIN = 3.5 V through 15 V 

Vo = 2VIN-(VL + 2VDlode) 

V L = voltage loss switched-capacitor voltage converter 

Figure 92. Voltage Converter Configured as Positive Doubler 
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APPLICATION INFORMATION 
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VCC+=5V 
IL=6mA 
CIN= 10J,1F 
COUT=100J,1F 
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Filter: 
LF=50J.1H 
CF = 220 J.1F 
See Figure 78 
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Figure 93 
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Filter: 
LF=50J.1H 
CF=220J.1F 
See Figure 78 
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RIPPLE AND SWITCHING NOISE 
AT DOUBLER OUTPUT 

RIPPLE AND SWITCHING NOISE 
AT DOUBLER OUTPUT 

vs 
TIME 

VCC+=5V 
IL=25mA 
CIN=10~F 
COUT=1oo~F 
Without Filter 

~ ~ 
I I I 

r- -1 r--W --- -1 

o 10 20 30 40 50 60 70 80 90 100 
t-Time-!J.S 

Figure 97 
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vs 
TIME 
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IL=25mA 
CIN=10~F 
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FIlter: 
LF=50~H 
CF=220~F 
See Figure 78 

o 10 20 30 40 50 60 70 80 90 100 

t-Tlme-!J.S 

Figure 98 

As with the inverter configuration, when the operational amplifiers are supplied using the voltage converter block, 
switching noise are coupled into the signal path through ground. Using the shutdown pin allows precision measurement 
of the output signal by an ADC by temporarily disabling the switching mechanism. Figure 99 and Figure 100 show 
the decay and charge times at the doubler output with the amplifier connected as shown. 
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Figure 100 

The circuit designer should be aware that the TLE2682 amplifier and switched-capacitor sections are tested and 
specified separately. Performance may differ from that shown in the Typical Characteristics section of this data sheet 
when they are used together. This is evident, for example, in the dependence of VICR _ and VOL on V CC- as previously 
discussed. The impact of supplying the amplifier's negative rail using the switched-capacitor block in each design 
should be considered and carefully evaluated. 

The more esoteric features of the switched-capacitor building block, including external synchronization of the internal 
oscillator and power dissipation considerations, are covered in detail in the following switched-capacitor building 
block application information section. 
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APPLICATION INFORMATION 

switched-capacitor section 

A review of a basic switched-capacitor building block is helpful in understanding the operation of the TLE2682. 
When the switch shown in Figure 101 is in the left pOSition, capacitor C1 charges to the voltage at V1. The total 
charge on C1 is q1 = C1 x V1. When the switch is moved to the right, C1 is discharged to the voltage at V2. After 
this discharge time, the charge on C1 is q2 = C1 x V2. The charge has been transferred from the source V1 
to the output V2. The amount of charge transferred is as shown in equation 1 . 

.:1q=q1-q2=C1(V1-V2) (1 ) 

If the switch is cycled ftimes per second, the charge transfer per unittime (Le., current) is as shown in equation 2. 

I = f x .:1q = f x C1 (V1 - V2) (2) 

To obtain an equivalent resistance for a switched-capacitor network, this equation can be rewritten in terms of 
voltage and impedance equivalence as shown in equation 3. 

_ V1 - V2 _ V1 - V2 
I - (1/f x C1) - REQUIV 

V1 -----:\-:~ V2 

~ f RL 

T C1 T C2 
- - -- - -

Figure 101. Switched-Capacitor Block 

(3) 

A new variable, REOUIVo is defined as REOUIV = 1 + f x C1. The equivalent circuit for the switched-capacitor 
network is as shown in Figure 102. The TLE2682 has the same switching action as the basic switched-capacitor 
voltage converter. Even though this simplification does not include finite switch-on resistance and 
output-voltage ripple, it provides an insight into how the device operates. 

These simplified circuits explain voltage loss as a function of oscillator frequency (see Figure 66). As oscillator 
frequency is decreased, the output impedance is eventually dominated by the 1/f x C1 term and voltage losses 
rise. 

Voltage losses also rise as oscillator frequency increases. This is caused by internal switching losses that occur 
due to some finite charge being lost on each switching cycle. This charge loss per unit cycle when multiplied 
by the switching frequency becomes a current loss. At high frequency, this loss becomes significant and voltage 
losses again rise. 

The oscillator of the TLE2682 switched-capacitor section is designed to run in the frequency band where voltage 
losses are at a minimum. 

REQUIV 

V1 --A,f\/I,'---'l-'--r V2 

REaUiv = fX~1 T C2 RL 

Figure 102. Switched-Capacitor Equivalent Circuit 
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APPLICATION INFORMATION 

pin functions (see functional block diagram - converter) 

6-508 

Supply voltage (VIN) alternately charges CIN to the input voltage when CIN is switched in parallel with the input 
supply and then transfers charge to COUT when CIN is switched in parallel with COUT. Switching occurs at the 
oscillator frequency. During the time that CIN is charging, the peak supply current is approximately 2.2 times 
the output current. During the time that CIN is delivering a charge to COUT, the supply current drops to 
approximately 0.2 times the output current. An input supply bypass capacitor supplies part of the peak input 
current drawn by the TLE2682 switched-capacitor section and averages out the current drawn from the supply. 
A minimum input supply bypass capacitor of 2 JlF, preferably tantalum or some other low-ESR type, is 
recommended. A larger capacitor is desirable in some cases. An example is when the actual input supply is 
connected to the TLE2682 through long leads or when the pulse currents drawn by the TLE2682 might affect 
other circuits through supply coupling. 

In addition to being the output pin, VOUT is tied to the substrate of the device. Special care must be taken in 
TLE2682 circuits to avoid making VOUT positive with respect to any of the other pins. For circuits with the output 
load connected from Vcc+ to VOUT or from some external positive supply voltage to VOUT, an external 
Schottky diode must be added (see Figure 103). This diode prevents VOUT from being pulled above the GND 
during start up. A fast recovery diode such as IN4933 with low forward voltage (Vf'" 0.2 V) can be used. 

16 
1 OUT vcc+ 

2 15 
1 IN- 2 OUT 

3 14 
11N+ 21N-

4 13 
vCC- 21N+ 

5 12 
VOUT VOUT CAP-

IN4933 COUT+T 6 11 CIN 
VREF GND 

+ 
-=- 7 10 -=--=-

OSC CAP+ 

8 9 
VIN FBISD 

VCC+ or External Supply Voltage 

Figure 103. Circuit With Load Connected From Vee to Vour 

The voltage reference (VREF) output provides a 2.5-V reference point for use in TLE2682-based regulator 
circuits. The temperature coefficient (TC) of the reference voltage has been adjusted so that the TC of the 
regulated output voltage is near zero. As seen in the typical performance curves, this requires the reference 
output to have a positive TC. This nonzero drift is necessary to offset a drift term inherent in the internal reference 
divider and comparator network tied to the feedback pin. The overall result of these drift terms is a regulated 
output that has a slight positive TC at output voltages below 5 V and a slight negative TC at output voltages 
above 5 V. For regulator feedback networks, reference output current should be limited to approximately 60 JlA. 
VREF draws approximately 100 JlA when shorted to ground and does not affect the internal reference/regulator. 
This pin can also be used as a pullup for TLE2682 circuits that require synchronization. 
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APPLICATION INFORMATION 

pin functions (continued) 

CAP+ is the positive side of input capacitor CIN and is alternately driven between Vee and ground. When driven 
to Vee, CAP+ sources current from Vee. When driven to ground, CAP+ sinks current to ground. CAP- is the 
negative side of the input capacitor and is driven alternately between ground and VOUT. When driven to ground, 
CAP-sinks currentto ground. When driven to VOUT, CAP- sources currentfrom COUT. In all cases, currentflow 
in the switches is unidirectional as should be expected when using bipolar switches. 

ese can be used to raise or lower the oscillator frequency or to synchronize the device to an external clock. 
Internally, esc is connected to the oscillator timing capacitor (Ct '" 150 pF), which is alternately charged and 
discharged by current sources of ±7 !lA so that the duty cycle is approximately 50%. The TLE2682 
switched-capacitor section oscillator is designed to run in the frequency band where switching losses are 
minimized. However, the frequency can be raised, lowered, or synchronized to an external system clock if 
necessary. 

The frequency can be increased by adding an external capacitor (C2 in Figure 104) in the range of 
5 pF-20 pF from CAP+ to esc. This capacitor couples a charge into Ct as the switch transitions. This shortens 
the charge and discharge time and raises the oscillator frequency. Synchronization can be accomplished by 
adding an external pUliup resistor from esc to VREF. A 20-kn pUliup resistor is recommended. An 
open-collector gate or an npn transistor can then be used to drive esc at the external clock frequency as shown 
in Figure 104. 

The frequency can be lowered by adding an external capacitor (C1 in Figure 104) from esc to ground. This 
increases the charge and discharge times, which lowers the,oscillator frequency. 

16 
1 OUT Vcc+ 

2 15 
11N- 2 OUT 

3 14 
11N+ 21N-

4 13 
VCC- 21N+ 

C1 cIUT )+ 5 

Jl.JL----Y1-1r1 i~: VREF GND :: 7 

1 ~------t~-----I OSC CAP+ 1-----. 

VOUT 
12 

CAP- 1------. 

+ 

- I 8 9 
--L- C2 VIN VIN FBISD I 
T I L _____________________________ I 

Figure 104. External Clock System 

The feedback/shutdown (FB/SO) pin has two functions. Pulling FB/SO below the shutdown threshold ('" 0.45 V) 
puts the device into shutdown. In shutdown, the reference/regulator is turned off and switching stops. The 
switches are set such that both CIN and COUT are discharged through the output load. Quiescent current in 
shutdown drops to approximately 100 !lAo Any open-collector gate can be used to put the TLE2682 into 
shutdown. For normal (unregulated) operation, the device restarts when the external gate is shut off. In 
TLE2682 circuits that use the regulation feature, the external resistor divider can provide enough pulldown to 
keep the device in shutdown until the output capacitor (COUT) has fully discharged. For most applications where 
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APPLICATION INFORMATION 
the TLE2682 is run intermittently, this does not present a problem because the discharge time of the output 
capacitor is short compared to the off time of the device. In applications where the device has to start up before 
the output capacitor (COUT) has fully discharged, a restart pulse must be ,applied to FB/SO of the TLE2682. 

Using the circuit shown,in Figure 105, the restart signal can be either a pulse (tp > 100 I1S) or a logic high. Oiode 
coupling the restart signal into FB/SO allows the output voltage to rise and regulate without overshoot. The 
resistor divider R3/R4 shown in Figure 105 should be chosen to provide a signal level at FBISO of 
0.7 V -1.1 V. FBISO is also the inverting input of the TLE2682 switched-capacitor section error amplifier and, 
as such, can be used to obtain a regulated output voltage. 

COUT 
100 I1F Tantalum 

..L +1 
C1 
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VOUT 

R2 

R1 
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8 
VIN -.----1 

+ 
2.211F T 

tOUT 

1 IN-

11N+ 

VCC-

VOUT 

VREF 

OSC 

vlN 

16 
VCC+ 

15 
2 OUT 

14 
21N-

13 
21N+ 

12 
CAP-

CIN 
11 10l1F GND 

+ Tantalum 
10 -=-

CAP + JL 
9 

FB/sD R3 

R4 

R2=R1 
( 

IVOUTI +) 
VREF 
-- -40mV 

2 

~ 
Shutdown 
~ 

Restart 

Where: VREF = 2.5 V Nominal 

Figure 105. Basic Regulation Configuration 

regulation 

6-510 

The error amplifier of the TLE2682 switched-capacitor section drives the npn switch to control the voltage across 
the input capacitor (CIN), which determines the output voltage. When the reference and error amplifier of the 
TLE2682 is used, an external resistive divider is all that is needed to set the regulated output voltage. Figure 105 
shows the basic regulator configuration and the formula for calculating the appropriate resistor values. R1 
should be 20 k.Q or greater because the reference current is limited to ±1,Q0 fJA. R2 should be in the range of 
100 k.Q to 300,k.Q. Frequency compensation is accomplished by adjusting the ratio of CIN to COUT. For best 
results, this ratio should be approximately 1 to 10. Capacitor C1, required for good load regulation, should be 
0.002 I1F for all output voltages. 
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APPLICATION INFORMATION 

The functional block diagram shows that the maximum regulated output voltage is limited by the supply voltage. 
For the basic configuration, I VOUT I referenced to GND of the TLE2682 must be less than the total of the supply 
voltage minus the voltage loss due to the switches. The voltage loss versus output current due to the switches 
can be found in the typical performance curves. 

capacitor selection 

While the exact values of GIN and GOUT are noncritical, good-quality low-ESR capacitors such as solid tantalum 
are necessary to minimize voltage losses at high currents. For GIN, the effect of the equivalent series resistance 
(ESR) of the capacitor is multiplied by four since switch currents are approximately two times higher than output 
current. Losses occur on both the charge and discharge cycle, which means that a capacitor with 1 Q of ESR 
for GIN has the same effect as increasing the output impedance of the switched-capacitor section by 4 Q. This 
represents a significant increase in the voltage losses. GOUT is alternately charged and discharged at a current 
approximately equal to the output current. The ESR of the capacitor causes a step function to occur in the output 
ripple at the switch transitions. This step function degrades the output regulation for changes in output load 
current and should be avoided. A smaller tantalum capacitor can be connected in parallel with a large aluminum 
electrolytic capacitor to gain both low ESR and reasonable cost. 

output ripple 

The peak-to-peak output ripple is determined by the output capaCitor and the output current values. 
Peak-to-peak output ripple is approximated as shown in equation 4: 

I 
tlV = OUT (4) 

2 f x GOUT 

where: 

tlV = peak-to-peak ripple 
fose = oscillator frequency 

For output capacitors with significant ESR, a second term must be added to account for the voltage step at the 
switch transitions. This step is approximately equal to: 

(210UT) (ESR of GOUT) (5) 

power dissipation (switched-capacitor section only) 
The power dissipation of any TLE2682 circuit must be limited so that the junction temperature of the device does 
not exceed the maximum junction temperature ratings. The total power dissipation is calculated from two 
components: the power loss due to voltage drops in the switches and the power loss due to drive current losses. 
The total power dissipated by the TLE2682 is calculated as shown in equation 6: 

P "" (V GG - I V OUT I ) lOUT + (V GG) (lOUT) (0.2) (6) 

where both Vee and VOUT refer to GND. The power dissipation is equivalent to that of a linear 
regulator. Due to limitations of the DW package, steps must be taken to dissipate power externally for large input 
or output differentials. This is accomplished by placing a resistor in series with GIN as shown in Figure 106. A 
portion of the input voltage is dropped across this resistor without affecting the output regulation. Since switch 
current is approximately 2.2 times the output current and the resistor causes a voltage drop when GIN is both 
charging and discharging, the resistor value is calculated as follows: 

RX = VX/(4.4 lOUT) 

where: 

V X "" V GG - [(TLE2682 voltage loss) (1.3) + I V OUT I ] 
lOUT = maximum required output current 

~TEXAS . 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

(7) 

6-511 



TLE2682 .. 
HIGH-SPEED JFET-INPUT DUAL OPERATIONAL AMPLIFIER 
WITH SWITCHED-CAPACITOR VOLTAGE CONVERTER 
SLOS127-JUNE 1993 

APPLICATION INFORMATION 

power dissipation (continued) 

6-512 

The factor of 1 .3 allows some operating margin for the TLE2682. 

When using a 12-V to -5-V converter at 100-mA output current, calculate the power dissipation without an 
external resistor: 

Figure 106. Power-Disslpation-Limiting Resistor in Series With CIN 

At 9JA of 130°C/W for a commercial plastic device, a junction temperature rise of 122°C is seen. The device 
exceeds the maximum junction temperature at an ambient temperature of 25°C. To calculate the power 
dissipation with an external resistor (Rx), determine how much voltage can be dropped across Rx. The 
maximum voltage loss of the TLE2682 in the standard regulator configuration at 100 mA output current is 1.6 V. 

Vx = 12 V - [(1.6 V) (1.3) + 1- 5 VI] = 4.9 V and (9) 

RX = 4.9 V /(4.4) (100 mA) = 11 g 

The resistor reduces the power dissipated by the TLE2682 by (4.9 V) (100 mA) = 490 mW. The total power 
dissipated by the TLE2682 is equal to (940 mW - 490 mW) = 450 mW. The junction temperature rise is 58°C. 
Although commercial devices are functional up to a junction temperature of 125°C, the specifications are tested 
to a junction temperature of 100°C. In this example, this means limiting the ambient temperature to 42°C. To 
allow higher ambient temperatures, the thermal resistance numbers for the TLE2682 packages represent 
worst-case numbers with no heat-sinking and still air. Small Clip-on heat sinks can be used to lower the thermal 
resistance of the TLE2682 package. Airflow in some systems helps to lower the thermal resistance. Wide PC 
board traces from the TLE2682 leads help to remove heat from the device. This is especially true for plastic 
packages. 
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TLV2211, TLV2211Y 
Advanced LinCMOSTM RAIL-TO-RAIL 

MICROPOWER SINGLE OPERATIONAL AMPLIFIERS 

• Output Swing Includes Both Supply Rails 

• Low Noise ••• 21 nVlVHz Typ at f = 1 kHz 

• Low Input Bias Current .•• 1 pA Typ 

• Very Low Power ••• 11 j.LA Per Channel Typ 

• Common-Mode Input Voltage Range 
Includes Negative Rail 

• Wide Supply Voltage Range 
2.7 V to 10 V 

• Available in the SOT-23 Package 

• Macromodel Included 

description 

The TLV2211 is a single low-voltage operational 
amplifier available in the SOT-23 package. It 
consumes only 11 j.LA (typ) of supply current and 
is ideal for battery-power applications. Looking at 
Figure 1, the TLV2211 has a 3-V noise level of 
22 nVlVHz at 1 kHz; 5 times lower than competitive 
SOT-23 micropower solutions. The device 
exhibits rail-to-rail output performance for in
creased dynamic range in single- or split-supply 
applications. The TLV2211 is fully characterized 
at 3 V and 5 V and is optimized for low-voltage 
applications. 

IN+ 

VDD-/GND 

IN-

MAY 

DBVPACKAGE 
(TOP VIEW) 

EQUIVALENT INPUT NOISE VOLTAGEt 
vs 

80 

1\ 
70 
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10 

o 
101 

, 
~ 

\ 

FREQUENCY 

JDJJJt 
Rs=20n 
TA = 25°C 

~ 
I' r--I'-

102 
f - Frequency - Hz 

104 

The TLV2211, exhibiting high input impedance 
and low noise, is excellent for small-signal 
conditioning for high-impedance sources, such as 
piezoelectric transducers. Because of the micro
power dissipation levels combined with 3-V 
operation, these devices work well in hand-held 
monitoring and remote-sensing applications. In 
addition, the rail-to-rail output feature with single 
or split supplies makes this family a great choice 
when interfacing with analog-to-digital converters 
(ADCs). 

Figure 1. Equivalent Input Noise Voltage 
Versus Frequency 

AVAILABLE OPTIONS 

PACKAGED DEVICES 
TA Vlomax AT 25°C 

SOT-23 (DBV)t 

O°C to 70°C 3mV TLV2211CDBV 

-40°C to 85°C 3mV TLV22111DBV 

t The DBV package available In tape and reel only. 
:I: Chip forms are tested alTA = 25°C only. 

description (continued) 

CHIP FORM* SYMBOL 
(Y) 

VACC 
TLV2211Y 

VACI 

With a total area of 5.6mm2, the SOT-23 package only requires one-third the board space of the standard a-pin 
SOIC package. This ultra-small package allows designers to place single amplifiers very close to the signal 
source, minimizing noise pick-up from long PCB traces. TI has also taken special care to provide a pinout that 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

~TEXAS' 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright © 1997. Texas Instruments Incorporated 

6-513 



TLV2211,TLV2211Y 
Advanced LinCMOSTM RAIL· TO·RAIL 
MICRO POWER SINGLE OPERATIONAL AMPLIFIERS 

. SLOSl56C - MAY 1996 - REVISED FEBRUARY 1997 

6-514 

is optimized for board layout (see Figure 2). Both inputs are separated by GND to prevent coupling or leakage 
paths. The OUT and IN - terminals are on the same end of the board to provide negative feedback. Finally, gain 
setting resistors and decoupling capacitor are easily placed around the package. 

1 • IN+ voo+ Ie v+ 

GNO 2 
VoolGNO -=-

RI 

t----! IN- OUT 5 
Vo 

RF 

Figure 2. Typical Surface Mount Layout for a Fixed-Gain Noninverting Amplifier 
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TLV2211Y chip information 

TLV2211, TLV2211V 
Advanced LinCMOSTM RAIL-TO-RAIL 

MICROPOWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS156C - MAY 1996 - REVISED FEBRUARY 1997 

This chip, when properly assembled, displays characteristics similar to the TLV2211 C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

1 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

(1) 
IN+ 

IN- (3) 

CHIP THICKNESS: 10 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (2) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Voo (see Note 1) ........................................................... 12 V 
Differential input voltage, VIO (see Note 2) .................................................. ±VOD 
Input voltage range, VI (any input, see Note 1) ........................................ -0.3 V to VOO 
Input current, II (each input) .............................................................. ±5 mA 
Output current, 10 ...................................................................... ±50 mA 
Total current into VDO+ ................................................................. ±50 mA 
Total current out of VOO- ............................................................... ±50 mA 
Duration of short-circuit current (at or below) 25°C (see Note 3) ............................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: TLV2211 C ................................... O°C to 70°C 

TLV2211I ................................. -40°C to 85°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DBV package .................. 260°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 VDD _. 
2. Differential voltages are at the non inverting input with respect to the inverting input. Excessive current flows when input is brought 

below VDD- - 0.3 V. 
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 

TA s; 25°C DERATING FACTOR TA = 70°C PACKAGE 
POWER RATING ABOVE TA = 25°C POWER RATING 

DBV 150 mW 1.2 mW/oC 96 mW 

recommended operating conditions 

TLV2211C 

MIN 

Supply voltage, VDD (see Note 1) 2.7 

Input voltage range, VI VDD-

Common-mode input vo~age, VIC VDD-

Operating free-air temperature, TA 0 

NOTE 1: All voltage values, except differential voltages, are with respect to VDD _. 

~TEXAS 
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MAX 

10 

VDD+-1.3 

VDD+-1.3 

70 

TA = 85°C 
POWER RATING 

78mW 

TLV2211I 

MIN MAX 

2.7 10 

VDD- VDD+-1.3 

VDD- VDD+-1.3 

-40 85 

UNIT 

V 

V 

V 

°C 
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electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise noted) 

TAt 
TLV2211C 

PARAMETER TEST CONDITIONS 
MIN 

VIO Input offset voltage 

Temperature Full range 
(WIO coefficient of input 

offset voltage 

Input offset voltage 
VOO±=±1.5V, VIC=O, 

long-term drift 
VO=O, RS=50Q 

25°C 
(see Note 4) 

110 Input offset current Full range 

liB Input bias current Full range 

0 
25°C to 

Common-mode input 2 
VICR IVlol S5mV, RS=50Q 

voltage range 0 
Full range to 

1.7 

10H = -100 JlA 25°C 

VOH 
High-level output 

25°C 
voltage 10H = -250 JlA 

Full range 2.5 

VIC = 1.5V, 10l= 50 JlA 25°C 

VOL 
low-level output 

25°C 
voltage VIC = 1.5 V, 10l= 500 JlA 

Full range 

Large-signal 25°C 3 

AVO differential voltage 
VIC = 1.5V, Rl = 10 k.Q:j: 

Full range 1 
VO= 1 Vt02V 

amplification Rl=l MQ:j: 25°C 

q(d) 
Oifferential input 

25°C resistance 

Common-mode 
25°C q(c) input resistance 

Common-mode 
f=10kHz, 25°C Ci(c) input capacitance 

Zo 
Closed-loop 

f=7kHz, AV= 1 25°C output impedance 

Common-mode VIC = Oto 1.7 V, VO=1.5V, 25°C 65 
CMRR 

rejection ratio RS=50Q Full range 60 

Supply voltage 
VOO= 2.7Vt08V, VIC=VOO/2 25°C 80 

kSVR rejection ratio 
(.WOO /AVIO) 

No load Full range 80 

25°C 
100 Supply current VO= 1.5 V, No load 

Full range 

t Full range for the TlV2211 C IS O°C to 70°C. Full range for the TlV2211 I IS - 40°C to 85°C. 
:j: Referenced to 1.5 V 

TYP 

0.47 

1 

0.003 

0.5 

1 

-0.3 
to 

2.2 

2.94 

2.85 

15 

150 

7 

600 

1012 

1012 

5 

200 

83 

95 

11 

TLV2211I 

MAX MIN TYP MAX 
UNIT 

3 0.47 3 mV 

1 /lV/oC 

0.003 /lV/mo 

150 0.5 150 pA 

150 1 150 pA 

0 -0.3 
to to 
2 2.2 

V 
0 

to 
1.7 

2.94 

2.85 V 

2.5 

15 

150 mV 

500 500 

3 7 

1 V/mV 

600 

1012 Q 

1012 Q 

5 pF 

200 Q 

65 83 
dB 

60 

80 95 
dB 

80 

25 11 25 

30 30 
JlA 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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operating characteristics at specified free-air temperature, Voo = 3 V (unless otherwise noted) 

PARAMETER 

SR Slew rate at unity gain 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Gain-bandwidth product 

BOM 
Maximum output-swing 
bandwidth 

<Pm 
Phase margin at 
unity gain 

Gain margin 

t Full range IS -40°C to 85°C. 
+ Relerenced to 1.5 V 

TEST CONDITIONS TAt 

RL= 10kn+, 
25°C 

VO= 1.1 Vto 1.9 V, 
Full CL= 100pF+ 

range 

1= 10 Hz 25°C 

1= 1 kHz 25°C 

1 = 0.1 Hz to 1 Hz 25°C 

1=0.1 Hzt010Hz 25°C 

25°C 

1= 10kHz, 
CL= 100 pF+ 

RL= 10kn+, 25°C 

VO(pp)=1 V, 
RL= 10kn+, 

AV=l, 
CL= 100pF+ 

25°C 

RL= 10kn+, CL = 100 pF+ 
25°C 

25°C 

~TEXAS .. 
INSTRUMENTS 

TLV2211C 

MIN TYP 

0.01 0.025 

0.005 

80 

22 

660 

880 

0.6 

56 

7 

56° 

20 
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TLV2211I 
UNIT 

MAX MIN TYP MAX 

0.01 0.025 

0.005 
V/IJS 

80 

22 
nV/\IHZ 

660 

880 
!LV 

0.6 IAI\IHZ 

56 kHz 

7 kHz 

56° 

20 dB 
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electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

TAt 
TLV2211C 

PARAMETER .TEST CONDITIONS 
MIN 

VIO Input offset voltage 

Temperature Full range 
aVIO coefficient 01 input 

offset voltage 

I nput offset voltage 
VDD± = ±2.5 V, VIC=O, long-term drift 25°C 

(see Note 4) VO=O, RS=50Q 

25°C 
110 Input offset current 

Full range 

25°C 
liB Input bias current 

Full range 

0 
25°C to 

Common-mode input 4 
VICR IV101,,5mV RS=50Q voltage range 0 

Full range to 
3.5 

10H =-100 JlA 25°C 

VOH 
High-level output 

25°C voltage 10H = -250 JlA 
Full range 4.5 

VIC=2.5V, 10L = 50 JlA 25°C 

VOL 
LOW-level output 

25°C voltage VIC = 2.5 V, 10L = 500 JlA 
Full range 

Large-signal RL = 10 k,Q:j: 
25°C 6 

AVD differential 
VIC =2.5V, Full range 3 
VO= 1 Vt04V 

voltage amplification RL= 1 MQ:j: 25°C 

fj(d) 
Differential input 

25°C resistance 

Common-mode 
25°C fj(c) input resistance 

Common-mode 
1= 10 kHz, 25°C Ci(c) input capacitance 

zo 
Closed-loop 

1=7kHz, AV=1 25°C output impedance 

Common-mode VIC = 0 to 2.7 V, VO=2.5V, 25°C 70 
CMRR rejection ratio RS=50Q Full range 70 

Supply voltage 
VDD= 4.4Vt08V, VIC = VDDf2, 25°C 80 

kSVR rejection ratio 
No load 

(AVDD fAVIO) Full range 80 

25°C 
IDD Supply current VO=2.5V, No load 

Full range 

t Full range lor the TLV2211C IS O°C to 70°C. Full range lor the TLV2211 I IS - 40°C to 85°C. 
:j: Relerenced to 1.5 V 

TYP 

0.45 

0.5 

0.003 

0.5 

1 

-0.3 
to 

4.2 

4.95 

4.875 

12 

120 

12 

800 

1012 

1012 

5 

200 

83 

95 

13 

TLV2211I 

MAX MIN TYP MAX 
UNIT 

3 0.45 3 mV 

0.5 /lV/DC 

0.003 J!V/mo 

0.5 

150 150 
pA 

1 

150 150 
pA 

0 -0.3 
to to 
4 4.2 

V 
0 

to 
3.5 

4.95 

4.875 V 

4.5 

12 

120 mV 

500 500 

6 12 

3 VfmV 

800 

1012 Q 

1012 Q 

5 pF 

200 Q 

70 83 
dB 

70 

80 95 
dB 

80 

25 13 25 

30 30 
JlA 

NOTE 5: Typical values are based on the input offset voltage shift observed through 500 hours 01 operating Iile test at TA = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 01 0.96 eV. 
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operating characteristics at specified free-air temperature, VDD = 5 V (unless otherwise noted) 

TAt 
TLV2211C 

PARAMETER 

SR Slew rate at unity gain 

Equivalent input noise 
Vn voltage 

Peak-to-peak equivalent 
VN(PP) input noise voltage 

In 
Equivalent input noise 
current 

Gain-bandwidth product 

BOM 
Maximum output-swing 
bandwidth 

<l>m 
Phase margin at 
unity gain 

Gain margin 

t Full range IS -40°C to 85°C. 
t: Referenced to 1.5 V 

TEST CONDITIONS 
MIN TYP MAX 

RL= 10 kQt:, 
25°C 0.01 0.025 

VO= 1.5 Vto 3.5 V, 
Full CL = 100 pFt: 0.005 

range 

f= 10Hz 25°C 72 

f=1kHz 25°C 21 

f = 0.1 Hz to 1 Hz 25°C 600 

f = 0.1 Hz to 10 Hz 25°C 800 

25°C 0.6 

f=10kHz, RL= 10kQ:J:, 25°C 65 
CL = 100 pFt: 

VO(pp)=2V, 
RL= 10 kQt:, 

AV=1, 
CL = 100 pFt: 

25°C 7 

RL= 10 kQ:J:, CL = 100 pF:J: 
25°C 56° 

25°C 22 

electrical characteristics at VDD = 3 V, TA = 25°C (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

Large-signal differential 
AVO voltage amplification 

qed) Oifferential input resistance 

ri(c) Common-mode input resistance 

Ci(c) Common-mode input capacitance 

zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

kSVR 
Supply voltage rejection ratio 
(AVOO/AVIO) 

100 Supply current 

t Referenced to 1.5 V 

TEST CONDITIONS 

VOO±=±1.5V, VO=O, VIC=O, 
RS=50n 

IV101:55 mY, RS=50n 

IOH=-100flA 

10H = -200 flA 

VIC=O, 10L = 50 flA 

VIC=O, 10l= 500flA 

IRl=10kQt 
VIC= 1.5V, VO=1 Vt02V I t 

Rl=1 Mn 

f=10kHz 

f=7kHz, AV=1 

VIC=Oto 1.7 V, VO=1.5V, 

VOO =2.7Vt08 V, VIC = Vool2, 

VO=1.5V, No load 

~TEXAS 
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RS=50n 

No load 

TLV2211I 
UNIT 

MIN TYP MAX 

0.01 0.025 

0.005 
V/flS 

72 

21 
nV/VHz 

600 

800 
flY 

0.6 fAlVHz 

65 kHz 

7 kHz 

56° 

22 dB 

TLV2211Y 

MIN TYP MAX 
UNIT 

0.47 mV 

0.5 pA 

1 pA 

-0.3 
to V 

2.2 

2.94 
V 

2.85 

15 
mV 

150 

7 
V/mV 

600 

1012 n 

1012 n 

5 pF 

200 n 

83 dB 

95 dB 

11 flA 
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electrical characteristics at VDD = 5 V, TA = 25°C (unless otherwise noted) 
TLV2211Y 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX 

VIO Input offset voltage 0.45 mV 

110 Input offset current VOO± = ±2.5 V, VIC=O, VO=O, 0.5 pA 

liB Input bias current 
RS=50Q 

1 pA 

-0.3 

VICR Common-mode input voltage range IVIol~5mV, RS=50Q to V 
4.2 

10H =-100 IlA 4.95 
VOH High-level output voltage V 

10H = -250 IlA 4.875 

VIC =2.5 V, IOL=501lA 12 
VOL Low-level output voltage mV 

VIC=2.5V, 10L = 500 IlA 120 

Large-signal differential I RL = 10 kQt 12 
AVO VIC =2.5 V, Vo = 1 V to 4 V I t V/mV 

voltage amplification RL=1 MQ 800 

fiCd) Oifferential input resistance 1012 Q 

fi(c) Common-mode input resistance 1012 Q 

ciCcI Common-mode input capacitance f= 10kHz 5 pF 

zo Closed-loop output impedance f=7kHz, AV= 1 200 Q 

CMRR Common-mode rejection ratio VIC = 0 to 2.7 V, VO=2.5V, RS=50Q 83 dB 

ksVR 
Supply voltage rejection ratio 

VOO = 4.4 Vto 8 V, VIC = Vool2, No load 95 dB 
(AVOO/AVIO) 

1·00 Supply current VO=2.5V, No load 13 IlA 
t Referenced to 1.5 V 
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Via 

aVIO 

Ilstl,O 

V, 

VOH 

VOL 

VO(PP) 

lOS 

Va 

AVD 

Zo 

CMRR 

ksVR 

IDD 

SR 

Va 

Va 

Vn 

THD+N 

<11m 
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TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage 
Distribution 
vs Common-mode input voltage 

Input offset voltage temperature coefficient Distribution 

Input bias and input offset currents vs Free-air temperature 

Input voltage 
vs Supply voltage 
vs Free-air temperature 

High-level output voltage vs High-level output current 

Low-level output voltage vs Low-level output current 

Maximum peak-to-peak output voltage vs Frequency 

Short-circuit output current 
vs Supply voltage 
vs Free-air temperature 

Output voltage vs Differential input voltage 

vs Load resistance 
Differential voltage amplification vs Frequency 

vs Free-air temperature 

Output impedance vs Frequency 

Common-mode rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply-voltage rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply current vs Supply voltage 

Slew rate 
vs Load capacitance 
vs Free-air temperature 

Large-signal pulse response vsTIme 

Small-signal pulse response vsTIme 

Equivalent input noise voltage vs Frequency 

Noise voltage (referred to input) avera 10-second period 

Total harmonic distortion plus noise vs Frequency 

Gain-bandwidth product 
vs Free-air temperature 
vs Supply voltage 

Phase margin 
vs Frequency 
vs Load capacitance 

Gain margin vs Load capacitance 

Unity-gain bandwidth vs Load capacitance 
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TYPICAL CHARACTERISTICS 

30 

25 
~ 
I 

i 20 

'is. 
E 
c( 

15 '0 
& 
~ 10 III 

~ 
Do. 

5 

o 

DISTRIBUTION OF TLV2211 
INPUT OFFSET VOLTAGE 

-1.5 -1 -0.5 0 0.5 
VIO - Input Offset Voltage - mV 

Figure 3 

INPUT OFFSET VOLTAGEt 

1.5 

DISTRIBUTION OF TLV2211 
INPUT OFFSET VOLTAGE 

376 Amplifiers 
VOO=±2.5V 

25 TA=25°C 

20 I--+--+-+-+-

15 1--1--1--1--

10 1--1--1--1--

5 

o 
-1.5 -1 -0.5 0 0.5 

VIO - Input Offset Voltage - mV 

Figure 4 

INPUT OFFSET VOLTAGEt 
VB 

COMMON-MODE INPUT VOLTAGE 
VB 

COMMON-MODE INPUT VOLTAGE 

VOO=3V VOO=5V 
0.8 - RS=50Q 0.8 I- RS=50Q 

TA = 25°C TA=25°C 
> 0.6 
E 
I 

0.4 & 
~ 0.2 
~ 

I 0 

'$ -0.2 
CL 
.E -0.4 
I 

:P- -0.6 

-0.8 

~ ~l 
,.- V 

I -1 

> 0.6 
E 
I 0.4 

i 0.2 
~ 

I 0 

-0.2 
'$ 
CL 

-0.4 .E 
I 

:P- -0.6 

-0.8 

j 

./ i--""'" 

r 
/ -1 

-1 o 2 3 -1 o 2 3 4 

VIC - Common-Mode Input Voltage - V VIC - Common-Mode Input Voltage - V 

Figure 5 Figure 6 

t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where Voo = 3 V, aU loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2211 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

DISTRIBUTION OF TLV2211 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

40 

30 I-+--+-+-+--

20 I-+--+-+-+--

10 1-+--+-+-

o L..-'-lI!I.....-L-_ 

-3 -2 -1 o 2 

a VIO - Temperature Coefficient -11 V 1°C 

Figure 7 

3 

INPUT BIAS AND INPUT OFFSET CURRENTSt 
vs 

FREE-AIR TEMPERATURE 

32 Amplifiers 
VOO=±2.5V 
PPackage 

40 TA=250C 

30 I-+--+-+-+--

20 I-+-+--+-+--

10 I-+-+--+-+--

o L..-..L-__ IoiiI...._ 

-3 -2 -1 o 2 

a VIO - Temperature Coefficient -11 V 1°C 

Figure 8 

INPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

3 
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80 

5r---~---'----'---~----~---' 

VOD±~±2.5V 
-VIC=O 

Vo=O 
-RS=500 

70 

60 

50 

40 

30 

20 

10 

o 
25 45 65 

I 

i 
I 

/ 
liB ~' 

// 110 ...... / 

~", -.... --
85 105 125 

> 
I 

t 
~ 
1 
.5 
I 

>" 

4 

3~--~----~--~--~----4-

2r----+-----1---~ 

o 

-1 

-21---+ 

-3r----+-----1---~ 

-4~--~----~--~--~----~ 

TA - Free-Air Temperature - °C I Voo± 1- Supply Voltage - V 

Figure 10 Figure 9 

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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Figure 14 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:I: For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO =3 V, all loads are referenced to 1.5 V. 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:I: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:t: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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t For all curves where VDD = 5 V. all loads are referenced to 2.5 V. For all curves where VDD = 3 V. all loads are referenced to 1.5 V. 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
=!: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, a" loads are referenced to 1.5 V. 
=1= Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-531 



TLV2211,TLV2211V 
Advanced LinCMOSTM RAIL-TO-RAIL 
MICROPOWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS156C - MAY 1996 - REVISED FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

III 
'a 
I 

j 
c 

i 
"ii' a: 

t 
~ 

t 
al 
I 
a: 
> en .... 

100 

98 

96 

94 

92 

90 

SUPPLY-VOLTAGE REJECTION RATIOt 
vs 

FREE-AIR TEMPERATURE 

I _I. I 
VOO = 2.7 V to 8 V 
VIC =Vo =Voo/2 

... -- --

-75 -50 -25 0 25 50 75 100 125 

0.040 

TA - Free-Air Temperature - °C 

Figure 33 

SLEWRATE:j: 
vs 

LOAD CAPACITANCE 

30 

25 

C 
:::!. 
I 20 'E 
~ 
:::I 

CJ 
15 ~ 

D-
D-
:::I 
en 
I 10 
Q 

E 

5 

0 
0 

0.050 

SUPPLY CURRENn-
vs 

SUPPLY VOLTAGE 

Vo=VOOI2 
VIC = VOOI2 
No Load 

2 4 6 

VOO - Supply Voltage - V 

Figure 34 

SLEW RATE1'* 
vs 

8 

FREE-AIR TEMPERATURE 

10 

0.035 

VOO=5V // RL=10kQ 
VOO=5V II Av=-l 

.. 0.030 
:::!. :;; 

0.025 I 

! a: 0.020 
~ 
.!! en 
I 0.015 

a: en 
0.010 

0.040 .. 
:::!. :;; 
I 0.030 
! a: 
i 
iii 0.020 
I 

a: en 

CL=100pF /~ 
r- AV = 1 

,/ 
V ./ 

VI_ .. ' 
V / 

.......... 

/ S~ 
... 

~ 
.. V V 

TA=25°C SR-

\ 
SR+ 

0.010 

0.05 

o 
-75 -50 -25 0 25 50 75 100 125 

CL - Load Capacitance - pF 

Figure 35 

TA - Free-Air Temperature - °C 

Figure 36 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature, ranges of the various devices. 
:j: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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t For all curves where VOO = S V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. 
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t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. 
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t For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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Figure 51 
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LOAD CAPACITANCE 
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Figure 52 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:I: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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driving large capacitive loads 

TYPICAL CHARACTERISTICS 

UNITY·GAIN BANDWIDTH 
vs 

LOAD CAPACITANCE 
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Figure 53 

APPLICATION INFORMATION 

SLOS156C - MAY 1996 - REVISED FEBRUARY 1997 

The TLV2211 is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 50 
and Figure 51 illustrate its ability to drive loads up to 600 pF while maintaining good gain and phase margins 
(Rnull = 0). 

A smaller series resistor (Rnull) at the output of the device (see Figure 54) improves the gain and phase margins 
when driving large capacitive loads. Figure 50 and Figure 51 show the effects of adding series resistances of 
500 Q and 1000 Q. The addition of this series resistor has two effects: the first is that it adds a zero to the transfer 
function and the second is that it reduces the frequency of the pole associated with the output load in the transfer 
function. 

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To 
calculate the improvement in phase margin, equation 1 can be used. 

8<Pm1 = tan-1 (2 x 11: x UGBW x Rnull x CL) 

where: 
8<Pm1 = improvement in phase margin 

UGBW unity-gain bandwidth frequency 
. Rnull output series resistance 

CL load capacitance 
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APPLICATION INFORMATION 

driving large capacitive loads (continued) 

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 53). To 
use equation 1, UGBW must be approximated from Figure. 53. 

10 k.Q 

Figure 54. Series-Resistance Circuit 

driving heavy dc loads 

6-538 

The TLV2211 is designed to provide better sinking and sourcing output currents than earlier CMOS rail-to-rail 
output devices. This device is specified to sink 500 !lA and source 250 !lA at VDD = 3 V and VDD = 5 V at a 
maximum quiescent IDD of 25!lA. This provides a greater than 90% power efficiency. 

When driving heavy dc loads, such as 10 kO, the positive edge under slewing conditions can experience some 
distortion. This condition can be seen in Figure 38. This condition is affected by three factors. 

• Where the load is referenced. When the load is referenced to either rail, this condition does not occur. The 
distortion occurs only when the output signal swings through the point where the load is referenced. 
Figure 39 illustrates two 1 O-kQ load conditions. The first load condition shows the distortion seen for a 10-kO 
load tied to 2.5 V. The third load condition shows no distortion for a 10-kQ load tied to 0 V. 

• Load resistance. As the load resistance increases, the distortion seen on the output decreases. Figure 39 
illustrates the difference seen on the output for a 10-kO load and a 100-kQ load with both tied to 2.5 V. 

• Input signal edge rate. Faster input edge rates for a step input result in more distortion than with slower input 
edge rates. 
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APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 6) and subcircuit in Figure 54 are generated using 
the TLV2211 typical electrical and operating characteristics at TA = 25°C. Using this information, output 
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE B: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers", IEEEJournal 
of Solid-State Circuits, SC-9, 353 (1974). 

DLN 
3 EGND + 

,.------141-. 92 

RP 
2 

IN - -++--+-----...H---J 

IN+ ~+-t_---_+-_+---' 

VE 

.SUBCKT TLV2211 1 2345 
C1 ~1 12 8.8BE-12 
C2 B 7 50.00E-12 
DC 5 53 DX 
DE 54 5 DX 
DLP 90 91 DX 
DLN 92 90 DX 
DP 4 3 DX 
EGND 99 0 POLY (2) (3,0) (4,0) 0.5.5 
FB 7 99 POLY (5) VB VC VE VLP 
+ VLN 0 4.29EB -BEB BEB BEB -BEB 
GA B 0 11 129.425E-B 
GCM 0 B 10 991320.2E-12 
ISS 3 10 DC 1.250E-B 

+ DLP 

R01 

5 

OUT 

RD1 BO 11 10B.1E3 
RD2 BO 12 10B.1E3 
R01 8 5 50 
R02 7 99 150 
RP 3 4 419.2E3 
RSS 10 99 1 BO.OEB 
VAD BO 4 -.5 
VB 9 0 DCO 
VC 3 53 DC .55 
VE 54 4 DC .55 
VUM 7 8 DCO 
VLP 91 0 DC 0.1 
VLN 0 92 DC 2.B 
.MODEL DX D (IS=800.0E-18) 

+ 
VLP 

HUM 90 0 VUM 1 K 
J1 11 2 10JX 

.MODEL JX PJF (IS=500.0E-15 BETA=1BBE-B 
+ VTO=-.004) 

J2 12 1 10JX .ENDS 
R2 B 9 100.0E3 

Figure 55. Boyle Macromodel and Subcircuit 

PSpice and Parts are trademark of MicroSim Corporation. 

Macromodels, simulation modell, or other models provided by TI, 
dlrectlyorlndlrectly. arenotwarranted byTiastuUy """""'09&11 
at the specillcation and operating characterlstlco at tho 
semiconductor product to which the model relates. ~TEXAS 

INSTRUMENTS 
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• Output Swing Includes Both Supply Rails 

• Low Noise ••• 19 nVl-YHi Typ at f = 1 kHz 
• Low Input Bias Current ••• 1 pA Typ 
• Fully Specified for Single-Supply 3-V and 

5-V Operation 

• Very Low Power ••• 110 IlA Typ 
• Common-Mode Input Voltage Range 

Includes Negative Rail 

• Wide Supply Voltage Range 
2.7 Vto 10 V 

• Macromodellncluded 

description 

SLOSI 

IN+ 

VOD-/GNO 

IN-

OBVPACKAGE 
(TOP VIEW) 

The TLV2221 is a single low-voltage operational amplifier available in the SOT-23 package. It offers a 
compromise between the ac performance and output drive of the TLV2231 and the micropower TLV2211. 

It consumes only 150 !lA (max) of supply current and is ideal for battery-powered applications. The device 
exhibits rail-to-rail output performance for increased dynamic range in single- or split-supply applications. The 
TLV2221 is fully characterized at 3 V and 5 V and is optimized for low-voltage applications. 

The TLV2221, exhibiting high input impedance and low noise, is excellent for small-signal conditioning for 
high-impedance sources, such as piezoelectric transducers. Because of the micropower dissipation levels 
combined with 3-V operation, these devices work well in hand-held monitoring and remote-sensing 
applications. In addition, the rail-to-rail output feature with single or split supplies makes this family a great 
choice when interfacing with analog-to-digital converters (ADCs). 

With a total area of 5.6mm2, the SOT-23 package only requires one third the board space of the standard a-pin 
SOIC package. This ultra-small package allows designers to place single amplifiers very close to the signal 
source, minimizing noise pick-up from long PCB traces. TI has also taken special care to provide a pinout that 
is optimized for board layout (see Figure 1). Both inputs are separated by GND to prevent coupling or leakage 
paths. The OUT and IN - terminals are on the same end of the board to provide negative feedback. Finally, gain 
setting resistors and decoupling capacitor are easily placed around the package. 

1 
lIil+ 

4 
VOO+ 

i c 
V+ 

GNO 
2 

VoolGNO 
c:-

RI 

~ IN"" OUT 5 
Vo 

RF 

Figure 1. Typical Surface Mount Layout for a Fixed-Gain Noninverting Amplifier 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
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AVAILABLE OPTIONS 

PACKAGED DEVICES 
TA VIOmax AT 25°C 

SOT-23 (DBV)t 

O°C to 70°C 3mV TLV2221CDBV 

-40°C to 85°C 3mV TLV22211DBV 

t The DBV package available in tape and reel only. 
:j: Chip forms are tested at TA = 25°C only. 

TLV2221Y chip information 

CHIP 
SYMBOL FORM* 

M 
VADC 

TLV2221Y 
VADI 

This chip, when properly assembled, displays characteristics similar to the TLV2221 C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

6-542 

BONDING PAD ASSIGNMENTS 

I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
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(1) 
IN+ 

IN- (3) 

CHIP THICKNESS: 10 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ± 1 0%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (2) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, VDD (see Note 1) ........................................................... 12 V 
Differential input voltage, VID (see Note 2) .................................................. ±VDD 
Input voltage range, V, (any input, see Note 1) ........................................ -0.3 V to VDD 
Input current, I, (each input) .............................................................. ±5 mA 
Output current, 10 ....................................................................... ±50 mA 
Total current into VDD+ ................................................................. ±50 mA 
Total current out of VDD- ............................................................... ±50 mA 
Duration of short-circuit current (at or below) 25°C (see Note 3) ............................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A TLV2221 C ................................... O°C to 70°C 

TLV2221I ................................. -40°C to 85°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DBV package .................. 260°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 VDD _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current flows when input is brought 

below VDD-- 0.3 V. 
3. The output can 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 

TA S; 25°C DERATING FACTOR TA = 70°C 
PACKAGE 

POWER RATING ABOVE TA = 25°C POWER RATING 

DBV 150 mW 1.2 mW/oC 96 mW 

recommended operating conditions 

Supply voltage, VDD (see Note 1) 

Input voltage range, VI 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

NOTE 1: All voltage values. except differential voltages, are with respect to VOO _. 

~TEXAS 
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TLV2221C 

MIN MAX 

2.7 10 

VDD- VDD+-1.3 

VOD- VDO+-l.3 

0 70 

tHi44 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

TA=85°C 
POWER RATING 

78mW 

TLV2221I 

MIN MAX 

2.7 10 

VDD- VDD+-1.3 

VDD- VOO+ -1.3 

-40 85 

UNIT 

V 

V 

V 

°C 
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electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise noted) 

TAt 
TLV2221C 

PARAMETER TEST CONDITIONS 
MIN TYP 

Via Input offset voltage 0.62 

Temperature Full range 
aVIO coefficient of input 1 

offset voltage 

Input offset voltage 
long-term drift VOO±=±1.5V, VIC=O, 25°C 0.003 
(see Note 4) VO=O, RS=50Q 

25°C 0.5 
110 Input offset current 

Full range 

25°C 1 
liB Input bias current 

Full range 

0 -0.3 
25°C to to 

Common-mode input 2 2.2 
VICR voltage range 

RS=50Q, IV101,,5mV 
0 

Full range to 
1.7 

IOH=- 1OO flA 25°C 2.97 

VOH 
High-level output 

25°C 2.88 
voltage 10H = -400 flA 

Full range 2.5 

VIC = 1.5V, 10L = 50 flA 25°C 15 

VOL 
Low-level output 

25°C 150 
voltage VIC = 1.5 V, 10L = 500 flA 

Full range 

Large-signal RL = 2 kQ:j: 
25°C 2 3 

AVO differential voltage 
VIC = 1.5V, Full range 1 
VO= 1 Vt02V 

amplification RL=1 MQ:j: 25°C 250 

fid 
Differential input 

25°C 1012 
resistance 

fic 
Common-mode input 

25°C 1012 
resistance 

cic 
Common-mode input 

f=10kHz 25°C 6 capacitance 

zo 
Closed-loop output 

f= 10 kHz, AV= 10 25°C 90 impedance 

Common-mode VIC =Oto 1.7V, 25°C 70 82 
CMRR 

rejection ratio VO= 1.5V, RS=50Q Full range 65 

Supply voltage 
VOO= 2.7Vt08V, 25°C 80 95 

kSVR rejection ratio 
(~VOO /~VIO) 

VIC=VDD/2, No load Full range 80 

25°C 100 
100 Supply current VO= 1.5V, No load 

Full range 

t Full range for the TLV2221 C is O°C to 70°C. Full range for the TLV2221I is - 40°C to 85°C. 
:j: Referenced to 1.5 V 

TLV2221I 

MAX MIN TYP MAX 
UNIT 

3 0.62 3 mV 

1 flV/oC 

0.003 flV/mo 

0.5 

150 150 
pA 

1 

150 150 
pA 

0 -0.3 
to to 
2 2.2 

V 
0 

to 
1.7 

2.97 

2.88 V 

2.5 

15 

150 mV 

500 500 

2 3 

1 V/mV 

250 

1012 Q 

1012 Q 

6 pF 

90 Q 

70 82 
dB 

65 

80 95 
dB 

80 

150 100 150 

200 200 
flA 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn noise voltage 

Peak-to-peak 
VN(PP) equivalent input 

noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N 

distortion plus noise 

Gain-bandwidth 
product 

Maximum 
BOM output-swing 

bandwidth 

ts Settling time 

Cilm 
Phase margin at 
unity gain 

Gain margin 

t Full range is -40°C to 85°C. 
+ Referenced to 1.5 V 
§ Referenced to 0 V 
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' TEST CONDITIONS TAt 
MIN 

25°C 0.1 
VO=l.l Vtol.9V, 
CL = 100 pF:j: 

RL = 2 k.Q+, 
Full 

f=10Hz 

f = 1 kHz 

f=O.l Hz to 1 Hz 

f=O.l Hz to 10 Hz 

VO=1 Vt02V, 
f=20 kHz, 
RL = 2 k.Q:j: 

VO=l Vt02V, 
f=20 kHz, 
RL = 2 k.Q§ 

f= 1 kHz, 
CL = 100 pF+ 

VO(PP)= 1 V, 
RL = 2 k.Q:j:, 

AV=-l, 
. Step = 1 Vto 2 V, 
RL = 2 k.Q:j:, 
CL = 100 pF:j: 

RL = 2 k.Q+, 

range 
0.05 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=l 
25°C 

AV= 10 

AV=l 
25°C 

AV=10 

RL = 2 k.Q+, 
25°C 

AV=l, 
CL= 100pF:j: 

25°C 

To 0.1% 25°C 

To 0.01% 25°C 

CL = 100 pF+ 
25°C 

25°C 

~TEXAS 
INSTRUMENTS 

TLV2221C 

TYP 

0.18 

120 

20 

680 

860 

0.6 

2.52% 

7.01% 

0.076% 

0.147% 

480 

30 

4.5 

6.8 

51° 

12 
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MAX 

TLV2221I 
UNIT 

MIN TYP MAX 

. 0.1 0.18 

0.05 
VIlAS 

120 

20 
nVl1Hz 

680 
mV 

860 

0.6 fA/1Hz 

2.52% 

7.01% 

0.076% 

0.147% 

480 kHz 

30 kHz 

4.5 I1s 

6.8 I1s 

51° 

12 dB 
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electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

TAt 
TLV2221C 

PARAMETER TEST CONDITIONS 
MIN TVP 

VIO Input offset voltage 0.61 

Temperature Full range 
aVIO coefficient of input 1 

offset voltage 

Input offset voltage 
long-term drift VDD± = ±2.5 V, VIC=O, 25°C 0.003 
(see Note 4) VO=O, RS=500 

25°C 0.5 
110 Input offset current 

Full range 

25°C 1 
liB Input bias current 

Full range 

0 -0.3 
25°C to to 

Common-mode input 4 4.2 
VICR RS=500, IV101,:;5mV 

voltage range 0 
Full range to 

3.5 

High-level output 10H = -500 J!A 4.75 4.88 
VOH 25°C 

voltage IOH=-1 mA 4.5 4.76 

VIC=2.5V, 10L = 50 J!A 25°C 12 

VOL 
LOW-level output 

25°C 120 
voltage VIC=2.5V, 10L = 500 J!A 

Full range 

Large-signal 25°C 3 5 

AVD differential' voltage VIC=2.5V, RL=2kO+ 
Full range 1 

amplification 
VO= 1 Vt04V 

RL= 1 MO+ 25°C 800 

rid 
Differential input 

25°C 1012 
resistance 

Common-mode 
25°C 1012 ric input resistance 

Common-mode 
f=10kHz 25°C 6 cic input capacitance 

zo 
Closed-loop 

f= 10 kHz, AV=10 25°C 70 
output impedance 

Common-mode VIC=0102.7V, VO= 1.5 V, 25°C 70 85 
CMRR 

rejection ratio RS=50Q Full range 65 

Supply voltage 
VDD = 4.4 V to 8 V, 25°C 80 95 

kSVR rejection ratio 
VIC = VDD/2, No load 

(,lVDD I,lVIO) Full range 80 

25°C 110 
IDD Supply current VO=2.5V, No load 

Full range 

t Full range for the TLV2221 C IS O°C to 70°C. Full range for the TLV2221I IS - 40°C to 85°C. 
+ Referenced to 2.5 V 

TLV2221I 

MAX MIN TVP MAX 
UNIT 

3 0.61 3 mV 

1 IJVloC 

0.003 J!V/mo 

0.5 

150 150 
pA 

1 

150 150 
pA 

0 -0.3 
to to 
4 4.2 

V 
0 

to 
3.5 

4.75 4.88 
V 

4.5 4.76 

12 

120 mV 

500 500 

3 5 

1 V/mV 

800 

1012 Q 

1012 - 0 

6 pF 

70 0 

70 85 
dB 

65 

80 95 
dB 

80 

150 110 150 

200 200 
J!A 

NOTE 5: Typical values are based on the input offset voltage shift observed through 500 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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operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn noise voltage 

Peak-to-peak 
VN(PP) equivalent input 

noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N 

distortion plus noise 

Gain-bandwidth 
product 

BaM 
Maximum output-
swing bandwidth 

ts Settling time 

<Pm 
Phase margin at 
unity gain 

Gain margin 

t Full range IS -40°C to 85°C. 
:t:·Referenced to 2.5 V 
§ Referenced to 0 V 

6-548 

TAt TEST CONDITIONS 
MIN 

RL=2 kn:t:, 
25°C 0.1 

Va = 1.5 Vto 3.5 V, 
Full CL = 100 pFJ: 0.05 

range 

f= 10Hz 25°C 

f= 1 kHz 25°C 

f = 0.1 Hz to 1 Hz 25°C 

f=O.1 Hz to 10Hz 25°C 

25°C 

VO= 1.5 Vto 3.5 V, AV=1 
f= 20kHz, 25°C 
RL=2kn:t: AV=10 

Va = 1.5 Vto 3.5 V, AV=1 
1=20 kHz, 25°C 
RL=2 kO§ AV=10 

1= 1 kHz, RL=2kn:t:, 25°C 
CL = 100 pFJ: 

VO(PP)= 1 V, 
RL=2 kO:t:, 

AV=I, 
CL = 100 pFJ: 

25°C 

AV=-I, ToO.l% 25°C 
Step = 1.5 V to 3.5 V, 
RL=2kO:t:, 
CL = 100 pFJ: 

RL=2 kn:t:, 

To 0.01% 25°C 

CL= lOOpF:t: 
25°C 

25°C 
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TYP 

0.18 

90 

19 

800 

960 

0.6 

2.45% 

5.54% 

0.142% 

0.257% 

510 

40 

6.8 

9.2 

52° 

12 
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MAX 

TLV2221 I 

MIN TYP 
UNIT 

MAX 

0.1 0.18 

0.05 
VIlIS 

90 
nVI'I'RZ 

19 

800 
mV 

960 

0.6 fA/'I'RZ 

2.45% 

5.54% 

0.142% 

0.257% 

510 kHz 

40 kHz 

6.8 

lIS 
9.2 

52° 

12 dB 
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electrical characteristics at Voo = 3 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

110 Input offset current VDD±=±1.5V, VIC=O, VO=O, 
RS=500 

liB Input bias current 

VICR Common-mode input voltage range IVI01S:5mV, RS=500 

VOH High-level output voltage 10H = -100 ItA 

VOL 
VIC= 1.5 V, IOL=50 ItA 

Low-level output voltage 
VIC= 1.5 V, 10L = 500 ItA 

Large-signal differential LRL=2kOt 
AVD VO=l Vt02V 

voltage amplification I RL= 1 Mot 

tid Differential input resistance 

'1c Common-mode input resistance 

cic Common-mode input capacitance f=10kHz 

Zo Closed-loop output impedance f=10kHz, AV= 10 

CMRR Common-mode rejection ratio VIC = Oto 1.7 V, VO=O, RS=500 

kSVR Supply voltage rejection ratio (tNDD/AVIO) VDD =2.7Vto 8 V, VIC=O, No load 

IOD Supply current VO=O, No load 

t Referenced to 1.5 V 

electrical characteristics at Voo = 5 V, TA:;:: 25°C (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

Large-signal differential 
AVD voltage amplification 

rid Differential input resistance 

ric Common-mode input resistance 

cic Common-mode input capacitance 

Zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

kaVR Supply voltage rejection ratio (AVDD/AVIO) 

100 Supply current 

t Referenced to 2.5 V 

TEST CONDITIONS 

VDO±=±1.5V, VIC=O, VO=O, 
RS=500 

IVI01S:5mV, RS=500 

10H = -500 ItA 
VIC =2.5 V, 10L = 50 ItA 
VIC=2.5V, 10L= 500 ItA 

I RL=2 kilt 
VO=l Vt04V I RL= 1 Mot 

f=10kHz 

f=10kHz, AV=10 

VIC = Oto 1.7 V, VO=O, 

VDD =2.7Vt08 V, VIC=O, 

VO=O, No load 
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TLV2221V 

MIN TYP MAX 
UNIT 

620 ltV 

0.5 pA 

1 pA 

-0.3 
to V 

2.2 

2.97 V 

15 
mV 

150 

3 
V/mV 

250 

1012 0 

1012 0 

6 pF 

90 0 

82 dB 

95 dB 

100 ItA 

TLV2221V 

MIN TYP MAX 
UNIT 

610 ltV 

0.5 pA 

1 pA 

-0.3 
to V 

4.2 

4.88 V 

12 
mV 

120 

5 
V/mV 

800 

1012 0 

1012 0 

6 pF 

70 0 

85 dB 

95 dB 

110 ItA 

6-549 
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Via 

aVIO 

11s/110 

VI 

VOH 

VOL 

VO(PPI 

lOS 

Va 

AVD 

AVD 

Zo 

CMRR 

kSVR 

IDD 

SR 

Va 

Va 

Va 

Va 

Vn 

THD+N 

<Pm 

Bl 
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TYPICAL·CHARACTERISTICS 

Table of Graphs 

Input offset voltage 
Distribution 
vs Common-mode input voltage 

Input offset voltage temperature coefficient Distribution 

Input bias and input offset currents vs Free-air temperature 

I nput voltage 
vs Supply voltage 
vs Free-air temperature 

High-level output voltage vs High-level output current 

Low-level output voltage vs Low-level output current 

Maximum peak-to-peak output voltage vs Frequency 

Short-circuit output current 
vs Supply voltage 
vs Free-air temperature 

Output voltage vs Differential input voltage 

Differential voltage amplification vs Load resistance 

Large signal differential voltage ampUfication 
vs Frequency 
vs Free-air temperature 

Output impedance vs Frequency 

Common-mode rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply-voltage rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply current vs Supply voltage 

Slew rate 
vs Load capacitance 
vs Free-air temperature 

Inverting large-signal pulse response vsTime 

Voltage-follower large-signal pulse response vsTime 

Inverting small-signal pulse response vs lime 

Voltage-follower small-signal pulse response vs lime 

Equivalent input noise voltage vs Frequency 

Input noise voltage (referred to input) Over a 10-second period 

Total harmonic distortion plus noise vs Frequency 

Gain-bandwidth product 
vs Free-air temperature 
vs Supply voltage 

Phase margin 
vs Frequency 
vs Load capacitance 

Gain margin vs Load capacitance 

Unity-gain bandwidth vs Load capacitance 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2211 
INPUT OFFSET VOLTAGE 

DISTRIBUTION OF TLV2211 
INPUT OFFSET VOLTAGE 

385 Amplifiers 
VOO=±1.5V 
TA = 25°C 

'#. 
I 

~ 

20 

i 
~ 15~~~~~+-

:e 
~ 15 

~ E cc 
'5 '0 f 10 1--1--1--

CII 
CIl 10 .! c 

I 
II.. 

> 
E 
I 

CII 
CIl 

~ 
~ 
Gi 

~ 
"5 
II.. 
.5 
I 
0 ;;-

5 

o 
-1.5 -1 -0.5 o 0.5 

Via - Input Offset Voltage - mV 

Figure 2 

INPUT OFFSET VOLTAGEt 
VB 

COMMON-MODE INPUT VOLTAGE 

VOO=3V 
0.8 f- Rs=50n 

0.6 

0.4 

0.2 

0 

-0.2 

-0.4 

-0.6 

-0.8 

-1 
-1 

TA = 25°C 

I 

r " I 
I 
I 

o 2 

VIC - Common-Mode Input Voltage - V 

Figure 4 

~ 
II.. 

1.5 

> 
E 
I 

CII 
CIl 

~ 
~ 
Gi 

~ 
"5 a. 
.5 
I 

52 
> 

3 

5 

o 
-1.5 -1 -0.5 o 0.5 

Via - Input Offset Voltage - mV 

Figure 3 

INPUT OFFSET VOLTAGEt 
VB 

COMMON-MODE INPUT VOLTAGE 

VOO=5V 
0.8 I- Rs=50n 

0.6 

0.4 

0.2 

0 

-0.2 

-0.4 

-0.6 

-0.8 

-1 
-1 

TA = 25°C 

I 
J 

o 2 3 4 
VIC - Common-Made Input Voltage - V 

Figure 5 

t For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2221 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENrt 

DISTRIBUTION OF TLV2221 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENrt 

20 

32 Amplifiers From 1 
VOO=±1.5V 
PPackage 
TA = 25°C to 125°C 

10 I--f-+-+-+-

5 

-3 -2 -1 0 2 3 
ot VIO - Input Offset Voltage 

Temperature CoeffiCient - Ilvrc 

Figure 6 

4 

INPUT BIAS AND INPUT OFFSET CURRENTS 
vs 

FREE-AIR TEMPERATURE 

100 
VOD± =1±2.5 V 

90 r- VIC =0 

80 
VO=o 

r- Rs=50n 

70 

60 

50 I 
40 

30 

20 

10 

o 
25 

/ 
/ 

liB l 

/' .",.'" 
" -" .. r 110 

45 65 85 105 
TA - Free-Air Temperature - °C 

Figure 8 

125 

> 
I 

J 
~ 
'5 
~ 
I 

:> 

25~~~~~~~~~~-''-'-'-'' 
32 Amplifiers From 1 

20 

VOO=±2.5V 
PPackage 
TA = 25°C to 125°C 

15 I--I--+-+-+--+-+-

10 I-+-+-+-+-

5 

o 
-4 -3 -2 -1 0 2 3 

otVIO -Input Offset Voltage 
Temperature Coefficient - Ilvrc 

RS=50n 
4 TA=25°C 

Figure 7 

INPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

3~---+----4~---+----4----~ 

2r----r--~r---~ 

o 

-1 

-21---t-== 

-3r---~---+----~ 

-4r----r----r----r--~-----r 

4 

-5~--~--~~--~--~~~~--~ .5 2 2.5 
IVOo±1 - Supply Voltage - V 

Figure 9 

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 CHARACTERISTICS 

INPUT VOLTAGEt* 
vs 

FREE-AIR TEMPERATURE 

> 
I 

3 

2.5 

t 2 
~ 
:; 
t 1.5 
o 

~ 
1:. 
DI 
3: 
k 0.5 

-:9 

I~ 

HIGH-LEVEL OUTPUT VOLTAGEt* 
vs 

HIGH-LEVEL OUTPUT CURRENT 

~ VOO=3V 

~ ~ T I :::-- ........... f..,. 
" \ "'- .......... ~oOC 

\ , 
I \ \ 1 \ \ TA=25°C 

\ 
I 

TA=850 C:\ 

\ 
I 

TA= 1250cI , 
-1~~ __ ~ __ ~~ __ ~ __ ~~ __ ~~ o 

-55 -35 -15 5 25 45 65 85 105 125 
TA - Free-Air Temperature - °C 

Figure 10 

LOW-LEVEL OUTPUT VOLTAGE* 
vs 

LOW-LEVEL OUTPUT CURRENT 

IOl - low-level Output Current - mA 

Figure 12 

o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 
IIOHI- High-level Output Current - mA 

Figure 11 

LOW-LEVEL OUTPUT VOLTAGEt* 
vs 

LOW-LEVEL OUTPUT CURRENT 
1.41""'"----,------;------;--""'"7'--,""'"7'----, 

VOO=3V 
VIC = 1.5 V 

1.21----i----t----t-+-+-i---+-t 

0.81---I-----t-T---".y--:;~-I-____7£.....j 

0.61----i-------,,,,....,~----,,'-l-~""rl----\ 

O.41---I-+.~~~""'--I---I-----I 

2 3 4 

IOl - low-level Output Current - mA 

Figure 13 

5 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:\: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 

HIGH-LEVEL OUTPUT VOLTAGEt* 
vs 

HIGH-LEVEL OUTPUT CURRENT 

LOW-LEVEL OUTPUT VOLTAGEt* 
vs 

LOW-LEVEL OUTPUT CURRENT 

5 ~,.." 
1.4.----r--r----,-----,r-----::n-r--7"""1 

> 
I 

CII 
01 

~ 
~ 
5 
c. 
5 
0 
a; 
iii 
...I 
1:. 
01 
:E 
I 
J: 

~ 

4 

3 

2 

o 
o 

VOO=5V '" 0 , -....... VIC = 2.5 V 

" I"'-..... ...... I I 

\ \ \ 
......... TA=-40°C , 

TA=125°C \ , 
I 1\ ~A=&50C \ 

\ I I 
i. TA = 125°C 

1\ L 

2 3 4 5 6 7 & 
IIOHI- High-Level Output Current - mA 

Figure 14 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE* 
vs 

FREQUENCY 

5 

II I 
VOO=5V ~ 

4 

3 

VOO=3V "' \ 
2 

\\ 
RL=2k.Q \ 
TA = 25°C 

"I I III 

103 104 
f - Frequency - Hz 

Figure 16 
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CII 
01 

~ 
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5 
t 
0 
a; 

~ 
:i: 
.3 
I 
...I 

~ 

cc 
E 
I 

C 
~ 
:::I 
0 
5 
t 
0 

== :::I 
~ 
U 
i: 
0 .c 
III 
I 
III 
.9 

VOO=5V 
VIC=2.5V 

1.21-'=--;---t--+----1r.-:----:7f---I 

0.& 

0.6 

0.4 

20 

16 

12 

& 

4 

0 

-4 

-& 
2 

2 3 4 5 

IOL - Low-Level Output Current - mA 

Figure 15 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 

I V Vo=Vo0f2 ./ TA=25°C 

6 

V'C = Vo0f2 '" 
/.10 = -100 mV _ 

/ 
V 

..... V/D= 100 mV 

-
3 4 5 6 7 & 

Voo - Supply Voltage - V 

Figure 17 

t Oata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of. the various devices. 
; For all curves where VOD = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 

SHORT-CIRCUIT OUTPUT CURRENTt* 
vs 

OUTPUT VOLTAGE* 
vs 

DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE 

VOO=5V 

3 

VJO=$v 
VIC=2.5V _ 

........... 
~ 

VO=2.5V 

........ 
2.5 

> 

RI=2kn 
- VIC= 1.5 V 

T~ =25°C 

-..... 
I"-VID=-100mV --. I 2 

& 
:!1! 
!Z 

1.5 :; 
~ 
0 
I J 

Vlo=100mV _ ~ 
-_. 1---

0 
> 

0.5 I 
,,--r-r ~ 

o 
-75 -50 -25 0 25 50 75 100 125 -5 -4 -3 -2 -1 0 2 3 4 5 

5 

4 

3 

2 

o 

TA - Free-Air Temperature - °C 

Figure 18 

OUTPUT VOLTAGE* 
vs 

DIFFERENTIAL INPUT VOLTAGE 

V~O=Jv 
VIC = 2.5 V 

r- RL=2 k.Q 

TA = 25°C 

I 
1/ 

../ 

-5 -4 -3 -2 -1 0 2 3 4 5 

VIO - Oifferentiallnput Voltage - V 

Figure 20 

> 
E 
>: 
I 
c 
0 

i 
u :e 
i5. 
E « .. 
01 

:!1! 
!Z 
iii 
~ e 
~ 
Q 
I 
Q 

~ 

103 

102 

101 

1 

VIO - Oifferentiallnput Voltage - V 

Figure 19 

DIFFERENTIAL VOLTAGE AMPLIFICATION* 
vs 

LOAD RESISTANCE 

VO(pp)=2V 
TA = 25°C VOO=5V 

V "" 
VOO=3V 

V 

III 

, I 

1/ 

1 

RL - Load Resistance - kn 

Figure 21 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. * For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curl/es where VDD = 3 V, all loads are referenced to 1.5 V. 
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80 

-20 

TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL VOLTAGEt 
AMPLIFICATION AND PHASE MARGIN 

vs 
FREQUENCY 

VOO=5V 
RL=2 kn 
CL= 100 pF 
TA=25°C 

i'-
........ ..... ...... Phase Margin 

........... r-.. 

........ 
........... Gain \. 

~ ~ .., 
~ 

180° 

135° 

90° 

45° 
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_90° -40 
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'ii :;:m 
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.- Q. 

'f E 
Dl CC 
... .. 
j DI 
I:ll! 
c~ 
> 

CC 

80 

60 

40 

20 

0 

-20 

f - Frequency - Hz 

Figure 22 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE MARGINt 

vs 
FREQUENCY 

VOO=3V 
RL=2kn 
CL= 100 pF 
TA = 25°C 

r-...... r--..... ..... ...,"hase Margin 
1"'- ...... i' 

i'- ....... 
Gain 

~ 
"roo 

-40 
104 106 

~ 

f - Frequency - Hz 

Figure 23 
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:0 
: 
III .c 
11. 
I 
E .... 

.~ 
:I 
:I .c 
11. 
I 
E .... 

t For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATlONt* 

vs 
FREE-AIR TEMPERATURE 

VOO=3V 
VIC = 1.5 V 

I"--- Vo = 0.5 V to 2.5 V 
r--r--

RL=1 Mn ----

RL=2kn -100. 

r-- --
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ell 
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LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATIONt* 

vs 
FREE-AIR TEMPERATURE 

VOO=5 V 
VIC=2.5V 
VO=1 Vt04V - r-- RL= 1 Mn -

RL=2kn 

f---

-
-75 -50 -25 0 25 so 75 100 125 -75 -SO -25 0 25 50 75 100 125 

1000 

100 

TA - Free-Air Temperature - °C 

Figure 24 

OUTPUTIMPEDANCE* 
vs 

FREQUENCY 

VOO=3V 
TA = 25°C 

il'i-" 

= AV=100 

10 
/ 

== AV=10 

1111 
1 1111111 / 

I ~ III 

AV=1 
1 
101 102 103 

f- Frequency - Hz 

Figure 26 
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TA - Free-Air Temperature - °C 

Figure 25 

OUTPUTIMPEDANCE* 
vs 

FREQUENCY 

F VOO=5V 
f- TA = 25°C 
r- II I 111111 

II IIII 
~ Av= 100 

II 1111 ~ 

~ AV=10 

~ ~~!~"11 " 

0.1 
101 102 103 104 

f- Frequency - Hz 

Figure 27 

105 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
=1= For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 

COMMON-MODE REJECTION RATIOt 
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Figure 28 
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t For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
:J: 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 CHARACTERISTICS 
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Figure 35 

t Data at high and low temperatures are applicable only within the rat~d operating free-air temperature ranges of the various devices. 
:j: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 
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Figure 36 

VOLTAGE-FOLLOWER LARGE-SIGNAL 
PULSE RESPONSEt 

VOO=5V 
RL=2kQ 
CL=100 pF 
AV=1 
TA = 25°C 

II 
~ 

I \ 
\ 

o 5 10 15 20 25 30 35 40 45 50 

t-Time-lls 

Figure 38 
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Figure 37 

VOLTAGE-FOLLOWER LARGE-SIGNAL 
PULSE RESPONSEt 

VOO=5V 
CL=100pF 
AV=1 

4 TA=250C +--1--- RL=100kQ +--+-1 
Tied to 2.5 V 

RL = 2 ItO t---t---t- RL = 2 kQ 
Tied to 2.5 V Tied to 0 V 

O~~~~~~--~~~~~~~ 

o 5 10 15 20 25 30 35 40 45 50 

t-Tlme-J.IS 

Figure 39 

t For all curves where VOO = 5 V. all loads are referenced to 2.5 V. For all curves where VOO = 3 V. all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 

INVERTING SMALL·SIGNAL 
PULSE RESPONSEt 
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Figure 40 
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Figure 42 
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Figure 43 

t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 
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t For all curves where VDD = S V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1,5 V. 
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TYPICAL CHARACTERISTICS 

GAIN-BANDWIDTH PRODUCTt* 
vs 

GAIN-BANDWIDTH PRODUCT 
vs 

FREE-AIR TEMPERATURE SUPPLY VOLTAGE 

VJD=5~ 
f = 10 kHz 

" 
RL=2kHz -
C =100pF 

r--... 
...... 

'" "-" f', 
" 

600 

575 

N 
J: 

550 ~ 

I 
tl 
:s 525 'C 
~ 

11-
.c 500 ~ 
j 
'C 475 c .. 
~ 
iii 450 

·CJ 

I I 
RL=2k 
CL=100pF 
TA=25°C 

./ 
./" 

./ V 
V " 

425 

-~ -~ -~ 0 ~ ~ ~ 100 1~ 400 
o 2 3 4 5 6 7 8 

20 

15 

10 

5 

TA - Free-Air Temperature - °C 

Figure 48 

GAIN MARGIN 
vs 

LOAD CAPACITANCE 

111111111 I ~jll ~~~~oC 
Rnull = 1 k.Q I 11111 I I 

RnulI=500n 

[/ 

~~ I " r--' 

'1'\ 
RnUII=O\ 

RnulI=200n 

102 103 104 
CL - Load Capacitence - pF 

Figure 50 

20 

15 

III 
'C 
I 
c 
.~ 10 
:;; 
c 
'iii 
CJ 

5 

VDD - Supply Voltage - V 

Figure 49 

GAIN MARGIN 
vs 

LOAD CAPACITANCE 
IIIH 

TA = 25°C '" Rnull = 1 k.Q ~ 
RL=2 k.Q 

~~ I) 
V RnulI=500n 

~ 
Rnull = loon 

~ 
RnulI=O 

[,~ 

CL - Load Capacitence - pF 

Figure 51 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
=!: For all curves where VDD = 5 V. all loads are referenced to 2.5 V, For all curves where VDD = 3 V. all loads are referenced to 1,5 V. 
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TYPICAL CHARACTERISTICS 
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APPLICATION INFORMATION 

driving large capacitive loads 

The TLV2221 is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 50 
through Figure 55 illustrate its ability to drive loads greater than 100 pF while maintaining good gain and phase 
margins (Rnull = 0). 

A small series resistor (RnulI) at the output of the device (Figure 56) improves the gain and phase margins when 
driving large capacitive loads. Figure 50 through Figure 53 show the effects of adding series resistances of 
100 Q, 200 Q, 500 Q, and 1 kQ. The addition of this series resistor has two effects: the first effect is that it adds 
a zero to the transfer function and the second effect is that it reduces the frequency of the pole associated with 
the output load in the transfer function. 

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To 
calculate the approximate improvement in phase margin, equation 1 can be used. 

L'1c1>m1 = tan-1 (2 x 1t x UGBW x Rnull x CL) 

where: 
L'1c1>m1 = improvement in phase margin 

UGBW unity-gain bandwidth frequency 

Rnull = output series resistance 

CL = load capacitance 

(1 ) 

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (Figure 54 and Figure 
55). To use equation 1, UGBW must be approximated from Figure 54 and Figure 55. 

Figure 56. Series-Resistance Circuit 

The TLV2221 is designed to provide better sinking and sourcing output currents than earlier CMOS rail-to-rail 
output devices. This device is specified to sink 500 ~ and source 1 mA at Voo = 5 V at a maximum quiescent 
100 of 200 ~. This provides a greater than 80% power efficiency. 

When driving heavy dc loads, such as 2 kQ, the positive edge under slewing conditions can experience some 
distortion. This condition can be seen in Figure 38. This condition is affected by three factors: 

• Where the load is referenced. When the load is referenced to either rail, this condition does not occur. The 
distortion occurs only when the output signal swings through the point where the load is referenced. 
Figure 39 illustrates two 2-kQ load conditions. The first load condition shows the distortion seen for a 2-kQ 
load tied to 2.5 V. The third load condition in Figure 39 shows no distortion for a 2-kQ load tied to 0 V. 

• Load resistance. As the load resistance increases, the distortion seen on the output decreases. Figure 39 
illustrates the difference seen on the output for a 2-kQ load and a 100-kQ load with both tied to 2.5 V. 

• Input signal edge rate. Faster input edge rates for a step input result in more distortion than with slower input 
edge rates. 
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APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 6) and subcircuit in Figure 57 are generated using 
the TLV2221 typical electrical and operating characteristics at T A = 25°C. Using this information, output 
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing Ii Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 6: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers', IEEE Joumal 
of Solid-State Circuits, SC-9, 353 (1974). 
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-=- -=- -=-
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VDD-~~~--------~~~~~ __ ~~~----------------------__ 
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.SUBCKT TLV2221 1 2 3 4 5 RDI 60 11 10.61E3 
Cl 11 12 12.53E-12 RD2 60 12 10.61E3 
C2 6 7 50.00E-12 ROI 8 5 35 
DC 5 53 DX R02 7 99 35 
DE 54 5 DX RP 3 4 49.50E3 
DLP 90 91 DX RSS 10 99 22.22E6 
DLN 92 90 DX VAD 60 4 -.5 
DP 4 3 DX VB 9 0 DCO 
EGND 99 0 POLY (2) (3,0) (4,0) 0.5.5 
FB 7 99 POLY (5) VB vC VE VLP 
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JIll 2 10JX 

.MODEL JX PJF (IS=500.0E-15 BETA=1.527E-3 
+VTO~.OOl) 

J2 12 1 10JX .ENDS 
R2 6 9 100.0E3 

Figure 57. Boyle Macromodel and Subcircuit 

PSpice and Parts are trademark of MicroSim Corporation. 
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• Output Swing Includes Both Supply Rails 

• Low Noise •.. 15 nVl"Hz Typ at f = 1 kHz 
• Low Input Bias Current ..• 1 pA Typ 

SLOS15BB - JUNE 1996 - REVISED FEBRUARY 1997 

IN+ 

OBVPACKAGE 
(TOP VIEW) 

VOO+ 
• Fully Specified for Single-Supply 3-V and 

5-V Operation VOD-/GNO 
• Common-Mode Input Voltage Range 

Includes Negative Rail 

• High Gain Bandwidth •.. 2 MHz at 
VOO = 5 V with 600 0 Load 

• High Slew Rate ••• 1.6 VlJlS at Voo = 5 V 
• Wide Supply Voltage Range 

2.7Vto10V 

• Macromodellncluded 

description 

IN- OUT 

The TLV2231 is a single low-voltage operational amplifier available in the SOT-23 package. It offers 2 MHz of 
bandwidth and 1.6 V/JlS of slew rate for applications requiring good ac performance. The device exhibits 
rail-to-rail output performance for increased dynamic range in single or split supply applications. The TLV2231 
is fully characterized at 3 V and 5 V and is optimized for low-voltage applications. 

The TLV2231, exhibiting high input impedance and low noise, is excellent for small-signal conditioning of 
high-impedance sources, such as piezoelectric transducers. Because of the micropower dissipation levels 
combined with 3-V operation, these devices work well in hand-held monitoring and remote-sensing 
applications. In addition, the rail-to-rail output feature with single- or split-supplies makes this family a great 
choice when interfacing with analog-to-digital converters (ADCs). The device can also drive 600-0.loads for 
telecom applications. 

With a total area of 5.6mm2, the SOT-23 package only requires one-third the board space of the standard 8-pin 
SOIC package. This ultra-small package allows designers to place single amplifiers very close to the signal 
source, minimizing noise pick-up from long PCB traces. TI has also taken special care to provide a pinout that 
is optimized for board layout (see Figure 1). Both inputs are separated by GND to prevent coupling or leakage 
paths. The OUT and IN- terminals are on the same end of the board for providing negative feedback. Finally, 
gain setting resistors and decoupling capacitor are easily placed around the package. 

1 4 
IN+ vOO+ 

i c 
V+ 

GNO 2 
VOoiGNO -=-

RI 

~ IN- OUT 5 Vo 

RF 

Figure 1. Typical Surface Mount Layout for a Fixed-Gain Noninverting Amplifier 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
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AVAILABLE OPTIONS' 

PACKAGED DEVICES 
TA Vlomax AT 25°C 

SOT-23 (DBV)t 

DOC to lO°C 3mV TLV2231 CDBV 

-40°C to 85°C 3mV TLV22311DBV 

t The DBV package available in tape and reel only. 
:I: Chip forms are tested at TA = 25°C only. 

TLV2231 Y chip information 

CHIP 
SYMBOL FORM:I: 

(V) 

VAEC 
TLV2231Y 

VAEI 

This chip, when properly assembled, displays characteristics similar to the TLV2231 C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

6-568 

BONDING PAD ASSIGNMENTS 

I ' I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
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(1) 
IN+ 

IN- (3) 

CHIP THICKNESS: 10 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (2) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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TLV2231, TLV2231Y 
Advanced LinCMOSTM RAIL-TO-RAIL 
LOW-POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS158B - JUNE 1996 - REVISED FEBRUARY 1997 

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

Supply voltage, Voo (see Note 1) ........................................................... 12 V 
Oifferential input voltage, VIO (see Note 2) .................................................. ±Voo 
Input voltage range, VI (any input, see Note 1) ........................................ -0.3 V to Voo 
Input current, II (each input) .............................................................. ±5 mA 
Output current, 10 ...................................................................... ±50 mA 
Total current into Voo+ ................................................................. ±50 mA 
Total current out of Voo- ............................................................... ±50 mA 
Duration of short-circuit current (at or below) 25°C (see Note 3) ............................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: TLV2231 C ................................... O°C to 70°C 

TLV2231I ................................. -40°C to 85°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds: DBV package .................. 260°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 VOO _. 
2. Oifferential voltages are at the noninverting input with respect to the inverting input. Excessive current flows when input is brought 

below VOO- - 0.3 V. 
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 

TA S; 25°C DERATING FACTOR TA = 70°C 
PACKAGE 

POWER RATING ABOVE TA = 25°C POWER RATING 

OBV 150 mW 1.2 mW/oC 96 mW 

recommended operating conditions 

Supply voltage, VOO (see Note 1) 

Input voltage range, VI 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

NOTE 1: All voltage values, except differential voltages, are with respect to VOO-. 

~TEXAS 
INSTRUMENTS 

TLV2231C 

MIN MAX 

2.7 10 

VOO- VOO+-1.3 

VOO- VOO+-1.3 

0 70 

6-570 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TA = 85°C 
POWER RATING 

78mW 

TLV2231I 

MIN MAX 

2.7 10 

VOO- VOO+-1.3 

VOO- VOO+-1.3 

-40 85 

UNIT 

V 

V 

V 

°C 



TLV2231, TLV2231V 
Advanced LinCMOSTM RAIL-TO-RAIL 

LOW-POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS158B -JUNE 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise noted) 

TAt 
TlV2231C 

PARAMETER TEST CONDITIONS 
MIN TYP 

VIO Input offset voltage 0.75 

Temperature Full range 
aVIO coefficient of input 0.5 

offset voltage 

Input offset voltage 
long-term drift VOO±=±1.5V, VIC=O, 25°C 0.003 
(see Note 4) VO=O, RS=500 

25°C 0.5 
110 Input offset current 

Full range 

25°C 1 
liB Input bias current 

Full range 

0 -0.3 
25°C to to 

Common-mode input 2 2.2 
VICR RS=500, IV101,;;5mV 

voltage range 0 
Full range to 

1.7 

IOH=-1 mA 25°C 2.87 

VOH 
High-level output 

25°C 2.74 
voltage IOH=-2mA 

Full range 2 

VIC= 1.5V, IOL = 50/lA 25°C 10 

VOL 
Low-level output 

25°C 100 
voltage VIC = 1.5 V, IOL = 500/lA 

Full range 

Large-signal RL= 600 O:!: 
25°C 1 1.6 

VIC= 1.5V, 
AVO differential voltage 

VO= 1 Vt02V 
Full range 0.3 

amplification RL=1 MO:!: 25°C 250 

rjd 
Differential input 

25°C 1012 
resistance 

rjc 
Common-mode input 

25°C 1012 
resistance 

cic 
Common-mode input 

f= 10kHz 25°C 6 
capacitance 

Zo 
Closed-loop output 

1=1 MHz, AV=1 25°C 156 
impedance 

Common-mode VIC = Oto 1.7 V, 25°C 60 70 
CMRR 

rejection ratio VO=1.5V, RS=500 Full range 55 

Supply voltage 
VOO= 2.7Vt08V, 25°C 70 96 

kSVR rejection ratio 
(aVOO /aVIO) 

VIC=VDD/2, No load Full range 70 

25°C 750 
100 Supply current VO=1.5V, No load 

Full range 

t Full range for the TLV2231C is DoC to 70°C. Full range for the TLV2231I is-40°C to 85°C. 
:!: Referenced to 1 .5 V 

TLV2231I 

MAX MIN TYP MAX 
UNIT 

3 0.75 3 mV 

0.5 /lV/oC 

0.003 /lV/mo 

-
0.5 

150 150 
pA 

1 

150 150 
pA 

0 -0.3 
to to 
2 2.2 

V 
0 

to 
1.7 

2.87 

2.74 V 

2 

10 

100 mV 

300 300 

1 1.6 

0.3 V/mV 

250 

1012 0 

1012 0 

6 pF 

156 0 

60 70 
dB 

55 

70 96 
dB 

70 

1000 750 1000 

1250 1250 
JlA 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV2231, TLV2231V 
Advanced LinCMOSTM RAIL-TO-RAIL 
LOW-POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS158B-JUNE 1996- REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn noise voltage 

Peak-to-peak 
VN(PP) equivalent input 

noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

BaM 
Maximum output-
swing bandwidth 

ts Settling time 

<Pm 
Phase margin at 
unity gain 

Gain margin 

t Full range IS -40°C to 85°C. 
:t: Referenced to 1.5 V 
§ Referenced to 0 V 

6-572 

TEST CONDITIONS TAt 

VO= 1.1 Vto 1.9 V, 
CL= 100pF:t: 

f= 10Hz 

f= 1 kHz 

f=O.l Hz to 1 Hz 

f=O.l Hztol0Hz 

VO=l Vt02V, 
f= 20 kHz, 
RL=600n:t: 

VO= 1 Vt02V, 
f=20 kHz, 
RL=600n§ 

f= 10kHz, 
CL= 100pF:t: 

VO(PP)= 1 V, 
RL=600 n:t:, 

AV=-1, 
Step=1Vt02V, 
RL = 600 n:t:, 
CL= 100 pF:t: 

RL=600n:t:, 

MIN 

25°C 0.75 
RL=600n:t:, Full 

0.5 
range 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=l 
25°C 

AV=10 

AV=l 

AV=10 25°C 

AV= 100 

RL = 600 n:t:, 
25°C 

AV=1, 
CL = 100 pF:t: 

25°C 

ToO.1% 
25°C 

To 0.01% 

CL = 100 pF:t: 
25°C 

25°C 

-!I1TEXAS 
INSTRUMENTS 

TLV2231C 

TYP 

1.25 

105 

16 

1.4 

1.5 

0.6 

0.285% 

7.2% 

0.014% 

0.098% 

0.13% 

1.9 

60 

0.9 

1.5 

50° 

8 
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MAX 

TLV2231I 

MAx 
UNIT 

MIN TYP 

0.75 1.25 

0.5 
V/IJS 

105 

16 
nV/iHz 

1.4 
~V 

1.5 

0.6 fA/iHz 

0.285% 

7.2% 

0.014% 

0.098% 

0.13% 

1.9 MHz 

60 kHz 

0.9 

IJS 
1.5 

50° 

8 dB 



TLV2231,TLV2231V 
Advanced LinCMOSTM RAIL-TO-RAIL 

LOW-POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS158B - JUNE 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

TAt 
TLV2231C 

PARAMETER TEST CONDITIONS 
MIN TYP 

VIO Input offset voltage 0.71 

Temperature Full range 
aVIO coefficient of input 0.5 

offset voltage 

Input offset voltage 
long-term drift VDD± = ±2.5 V, VIC=O, 25°C 0.003 
(see Note 4) VO=O, RS=50a 

25°C 0.5 
110 Input offset current 

Full range 

25°C 1 
liB Input bias current 

Full range 

0 -0.3 
25°C to to 

Common-mode input 4 4.2 
VICR Rs=50a, IV101$5mV 

voltage range 0 
Full range to 

3.7 

10H=-1 mA 25°C 4.9 

VOH 
High-level output 

25°C 4.6 
voltage IOH=-4mA 

Full range 4 

VIC=2.5V, 10l = 500 jJ.A 25°C 80 

VOL 
low-level output 

25°C 160 
voltage VIC =2.5V, 10l= 1 mA 

Full range 

Large-signal 25°C 1 1.5 
VIC=2.5V, Rl=600a:t: 

AVD differential voltage 
VO=1 Vt04V 

Full range 0.3 
amplification Rl=1 Ma:t: 25°C 400 

rid 
Differential input 

25°C 1012 
resistance 

rtc 
Common-mode input 

25°C 1012 
resistance 

cic 
Common-mode input 

f=10kHz 25°C 6 
capacitance 

zo 
Closed-loop output 

f= 1 MHz, AV=1 25°C 138 
impedance 

Common-mode VIC = 0 to 2.7 V, 25°C 60 70 
CMRR 

rejection ratio Vo =2.5 V, RS=50a Full range 55 

Supply voltage 
VDD = 4.4 V to 8 V, 25°C 70 96 

ksVR rejection ratio 
(dVDD /dVIO) 

VIC = VDD/2, No load Full range 70 

25°C 850 
IDD Supply current VO=2.5V, No load 

Full range 

t Full range for the TlV2231C IS O°C to 70°C. Full range for the TlV2231 I Is-40°C to 85°C. 
:t: Referenced to 2.5 V 

TLV2231I 

MAX MIN TYP MAX 
UNIT 

3 0.71 3 mV 

0.5 IlV/oC 

0.003 IlV/mo 

0.5 

150 150 
pA 

1 

150 150 
pA 

0 -0.3 
to to 
4 4.2 

V 
0 

to 
3.7 

4.9 

4.6 V 

4 

80 

160 mV 

500 500 

1 1.5 

0.3 V/mV 

400 

1012 a 

1012 a 

6 pF 

138 a 

60 70 
dB 

55 

70 96 
dB 

70 

1200 850 1200 

1500 1500 
jJ.A 

NOTE 5: Typical values are based on the input offset voltage shift observed through 500 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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TLV2231, TLV2231Y 
Advanced LinCMOSTM RAIL·TO·RAIL 
LOW·POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOSI58B-JUNE 1996- REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, VDD = 5 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn noise voltage 

Peak-to-peak 
VN(PP) equivalent input 

noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

Maximum 
BOM output-swing 

bandwidth 

ts Settling time 

<Pm 
Phase margin at 
unity gain 

Gain margin 

t Full range IS -40°C to 85°C. 
:j: Referenced to 2.5 V 
§ Referenced to 0 V 

6'-574 

TEST CONDITIONS 

VO= 1.5 Vto 3.5 V, 
CL= 100pF:j: 

1= 10Hz 

1= 1 kHz 

1=0.1 Hzt01 Hz 

1= 0.1 Hz to 10 Hz 

VO= 1.5 Vl03.5 V, 
1 =20 kHz, 
RL= 600 O:j: 

Vo = 1.5 Vto 3.5 V, 
f=20 kHz, 
RL= 600 O§ 

f=10kHz, 
CL = 100 pF:j: 

VO(PP)= 1 V, 
RL= 600 O:j:, 

AV=-1, 
Step,: 1.5 V to 3.5 V, 
RL= 600 O:j:, 
CL= 100pF:j: 

Rl,= 600 0+, 

TAt 
MIN 

25°C 
RL=6000:t:, 

Full 
range 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=1 
25°C 

AV= 10 

AV=1 

AV= 10 25°C 

AV = 100 

RL= 600 O:j:, 
25°C 

AV=1, 
CL= 100pF:j: 

25°C 

ToO.1% 
25°C 

To 0.01% 

CL= 100pF:t: 
25°C 

25°C 

~TEXAS .' 
INSTRUMENTS 

1 

0.7 

TLV2231C 

TYP 

1.6 

100 

15 

1.4 

1.5 

0.6 

0.409% 

3.68% 

0.018% 

0.045% 

0.116% 

2 

300 

0.95 

2.4 

48° 

8 
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MAX 

TLV2231I 
UNIT 

MIN TYP MAX 

1 1.6 

0.7 
V/IlS 

100 
nV/~ 

15 

1.4 
IlV 

1.5 

0.6 fAl~Hz 

0.409% 

3.68% 

0.018% 

0.045% 

0.116% 

2 MHz 

300 kHz 

0.95 

Ils 
2.4 

48° 

8 dB 



TLV2231, TLV2231V 
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LOW-POWER SINGLE OPERATIONAL AMPLIFIERS 
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electrical characteristics at Voo = 3 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

110 Input offset current VDD±;±I.SV, VIC;O, VO;O, 

liB Input bias current 
RS;SOO 

VICR Common-mode input voltage range IVIOI';;SmV, RS;SOO 

VOH High-level output voltage 10H;-1 mA 

VIC; I.S V, 10L; SO !LA 
VOL Low-level output voltage 

VIC; I.S V, 10L; SOO!LA 

Large-signal differential voltage I RL;6000t 
AVD VO;1 Vt02V 

amplification I RL; 1 Mot 

fid Differential input resistance 

fic Common-mode input resistance 

cic Common-mode input capacitance f; 10kHz 

zo Closed-loop output impedance f; 1 MHz, AV;1 

CMRR Common-mode rejection ratio VIC; 0 to 1.7 V, VO;O, RS=SOO 

ksVR 
Supply voltage rejection ratio 

VDD = 2.7 V to 8 V, VIC=O, No load 
(AVDD/AVIO) 

IDD Supply current VO=O, No load 

t Referenced 10 I.S V 

electrical characteristics at Voo = 5 V, TA = 25°C (unless otherwise noted) 

PARAMETER 

VIO Inpul offset voltage 

110 Input offset current 

liB Input bias current 

VICR Common-mode inpul voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

Large-signal differential voltage 
AVD amplification 

fid Differential input resistance 

fic Common-mode input resistance 

cic Common-mode input capacitance 

zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

kSVR 
Supply voltage rejection ratio 
(AVDD/AVIO) 

IDD Supply current 

t Referenced 10 2.S V 

TEST CONDITIONS 

VDD± =±I.S V, VIC=O, 
RS=SOO 

IVlol,;;SmV, RS=SOO 

10H=-1 mA 

VIC;2.SV, 10L = SOO!LA 

VIC =2.SV, 10L=1 mA 

IRL= 600 ot 
VO= 1 Vt02V 

I RL= 1 Mot 

f=10kHz 

f= 1 MHz, AV=1 

VIC =0101.7 V, VO=O, 

VDD = 2.7 V to 8 V, VIC=O, 

VO=O, No load 

"'TEXAS 
INSTRUMENTS 
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VO=O, 

RS=SOQ 

No load 

TLV2231Y 

MIN TYP MAX 
UNIT 

7S0 !LV 

O.S pA 

1 pA 

-0.3 
to V 

2.2 

2.87 V 

10 
mV 

100 

1.6 
V/mV 

2S0 

1012 0 

1012 0 

6 pF 

1"56 0 

60 70 dB 

96 dB 

7S0 !LA 

TLV2231V 

MIN TYP MAX 
UNIT 

710 !LV 

O.S pA 

1 pA 

-0.3 
to V 

4.2 

4.9 V 

80 
mV 

160 

IS 
V/mV 

400 

1012 0 

1012 0 

6 pF 

138 0 

60 70 dB 

96 dB 

8S0 !LA 

6-S7S 
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VIO 

aVIO 

IlstiiO 

VI 

VOH 

VOL 

VO(PP) 

lOS 

Va 

AVD 

AVD 

Zo 

CMRR 

ksVR 

IDD 

SR 

Va 

Va 

Vo 

Va 

Vn 

THD+N 

ciJm 

61 
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TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage 
Distribution 
vs Common-mode input voltage 

Input offset voltage temperature coefficient Distribution 

Input bias and input offset currents vs Free-air temperature 

Input voltage 
vs Supply voltage 
vs Free-air temperature 

High-level output voltage vs High-level output current 

Low-level output voltage vs Low-level output current 

Maximum peak-to-peak output voltage vs Frequency 

Short-circuit output current 
vs Supply voltage 
vs Free-air temperature 

Output voltage vs Differential input voltage 

Differential voltage amplification vs Load resistance 

Large-signal differential voltage amplification 
vs Frequency 
vs Free-air temperature 

Output impedance vs Frequency 

Common-mode rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply-voltage rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply current vs Supply voltage 

Slew rate 
vs Load capacitance 
vs Free-air temperature 

Inverting large-signal pulse response vsTime 

Voltage-follower large-signal pulse response vs Time 

Inverting small-signal pulse response vs Time 

Voltage-follower small-signal pulse response vsTime 

Equivalent input noise voltage vs Frequency 

Noise voltage (referred to input) Over a 10-second period 

Total harmonic distortion plus noise vs Frequency 

Gain-bandwidth product 
vs Free-air temperature 
vs Supply voltage 

Gain margin vs Load capacitance 

Phase margin 
vs Frequency 
vs Load capacitance 

Unity-gain bandwidth vs Load capacitance 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2231 
INPUT OFFSET VOLTAGE 

380 Amplifiers From 1 Wafer Lot 
Voo =±1.5 V 
TA=25°C 

21-++-+-+-

0.8 

0.6 

0.4 

0.2 

0 

-0.2 

-0.4 

-3 2 

VIO - Input Offset Voltage - mV 

Figure 2 

INPUT OFFSET VOLTAGEt 
vs 

COMMON-MODE INPUT VOLTAGE 

VOO=3V 
- RS=500 II 

TA = 25°C 

J 
I 
I 

J 
..".,...... V" 

/' 

3 

> 
E 
I 

8. 
~ 
~ 

I 
'$ 
Q. 

.5 
I 

-3 

DISTRIBUTION OF TLV2231 
INPUT OFFSET VOLTAGE 

380 Amplifiers From 1 Wafer 
VOO=±2.5V 
TA=25°C 

2 
VIO - Input Offset Voltage - mV 

Figure 3 

INPUT OFFSET VOLTAGEt 
vs 

COMMON-MODE INPUT VOLTAGE 

VOO=5V I 
0.8 - RS=500 

TA = 25°C 
0.6 

I 
0.4 

0.2 

0 

-0.2 

-0.4 

I 
-~ ..... ....--!"" 

/ '" 

3 

::, -0.6 

I ~ -0.6 l 
I :> 

-0.8 

-1 
-1 

I 
o 2 

VIC - Common-Mode Input Voltage - V 

Figure 4 

3 

-0.8 

I -1 
-1 o 2 3 4 

VIC - Common-Mode Input Voltage - V 

Figure 5 

t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2231 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENrt 

32 AmplITllerS 
1 Wafer Lots 

25 VOD±=±1.5V 
PPackage 

= 25°C to 125°C 

20 H-+-+-+-HH-

15 I--+-+-+-+-+---If-+-

10 H-+-+-+-HH-

5 H-+-+-+-

o L-..I.--'--'-
-4 -3 -2 -1 0 2 3 4 

aVIO -Input Offset Voltage 
Temperature Coefficient - ~vrc 

Figure 6 

INPUT BIAS AND INPUT OFFSET CURRENTSt 
vs 

FREE·AIR TEMPERATURE 
'1 100 
I VOO±=±2.5V ! 90 

r- VIC=O 
Vo=O 

c3 80 r- Rs=50n 
a; 

~ 
1 
.5 
'CI 
c 
III 

~ 
III 
'5 a. 
.5 
I 

Q 
'CI c 
III 

~ 

70 

60 

50 

40 

30 

20 

10 

o 
25 45 65 

i 1 

I 

/ 
V 

118,/ 110",,/ 

.. ::--..... 

85 105 
TA - Free·Alr Temperature - °c 

FigureS 

I 

125 

~ 
I 

~ 
!is 
is. 
E 
c:t 
'0 

f 

> 
I 

t 
~ 
'5 a. 
.5 
I 

>" 

DISTRIBUTION OF TLV2231 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENrt 

32 AmpllTllers From 
1 Wafer Lots 

25 VOD± = ±2.5 V 
PPackage 

= 25°C to 125°C 

20 HH-+-t--t-+-+-

15 I--II-+-+-+-+-+-+-

10 I--II-+-+-+-+--+-

5H-+-+-+-

o L-JL......L--'-_ 

-4 -3 -2 -1 0 2 3 4 
a VIO -Input Offset Voltage 

Temperature Coefficient - ~vrc 

Figure 7 

INPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

5~--~--~~--~--~----~---, 

4 

3r----+---~r----t---H----t 

o 

-1 

-2 1------+-= 

-31------t---H--~~ 

IVOO±I - Supply Voltage - V 

Figure 9 

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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Advanced LinCMOSTM RAIL-TO-RAIL 

LOW-POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS158B - JUNE 1996 - REVISED FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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Figure 13 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
=!: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenCed to 1.5 V. 
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TYPICAL CHARACTERISTICS 
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Figure 17 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:I: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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DIFFERENTIAL VOLTAGE AMPLIFICATION* 
vs 

LOAD RESISTANCE 
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RL - Load Resistance - k.Q 

Figure 21 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:t: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE MARGINt 

vs 
FREQUENCY 

VOO=5V 
RL= 600 n 
CL= 100 pF 
TA = 25°C 

"'" """"" 
Phase Margin 

"'" ~ 

" ~ Gain 
r-...... 

I ....... "" 

180° 

135° 

90° 

45° 

0° 

_45° 

-90° 
104 105 106 

f - Frequency - Hz 
107 

Figure 23 

c 
"e-
01 ::;; 

31 
01 .c a.. 
I 

E -e-

c 
.~ 

01 
::;; 
CD 
:I .c a.. 
I 
E -e-

t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. ,. 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
=1= For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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t For all curves where VDD = 5 V. all loads are referenced to 2.5 V. For all curves where VDD = 3 V. all loads are referenced to 1.5 V. 
=I: Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the vanous devices. 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:j: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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Figure 39 

t For all curves where VOD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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Figure 43 

t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenCed to 1.5 V. 
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Figure 47 

t For all curves where VDD " 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TLV2231, TLV2231Y 
Advanced LinCMOSTM RAIL-TO-RAIL 

LOW-POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS158B - JUNE 1996 - REVISED FEBRUARY 1997 

TYPICAL CHARACTERISTICS 
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GAIN-BANDWIDTH PRODUCTt* 
vs 
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TA - Free-Air Temperature - °C 

Figure 48 
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...... ' 1111 

I Rnull = 1000n 
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I 1111111 
Rnull = 50 Q 
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CL - Load Capacitance - pF 

Figure 50 
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Figure 49 

GAIN MARGIN:!: 
vs 
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102 103 104 
CL - Load Capacitance - pF 

Figure 51 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:I: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TLV2231, TLV2231V 
Advanced LinCMOSTM RAIL-TO-RAIL 
LOW-POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS158B - JUNE 1996 - REVISED FEBRUARY 1997 
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TYPICAL CHARACTERISTICS 
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PHASE MARGINt 
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LOAD CAPACITANCE 

CL - Load Capacitance - pF 

Figure 52 
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Figure 54 
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Figure 53 

UNITY-GAIN BANDWIDTHt 
vs 

LOAD CAPACITANCE 

TA = 25°C 
RL=600n 

0.1 
102 

i"-
t'-

.... 
I". 

CL - Load Capacitance - pF 

Figure 55 

t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. 
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TLV2231,TLV2231Y 
Advanced LinCMOSTM RAIL·TO·RAIL 

LOW·POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS158B-JUNE 1996 - REVISED FEBRUARY 1997 

APPLICATION INFORMATION 

driving large capacitive loads 

The TLV2231 is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 50 
through Figure 55 illustrate its ability to drive loads greater than 100 pF while maintaining good gain and phase 
margins (Rnull = 0). 

A small series resistor (Rnull) at the output of the device (see Figure 56) improves the gain and phase margins 
when driving large capacitive loads. Figure 50 through Figure 53 show the effects of adding series resistances 
of 50 Q, 100 Q, 500 Q, and 1000 Q. The addition of this series resistor has two effects: the first effect is that 
it adds a zero to the transfer function and the second effect is that it reduces the frequency of the pole associated 
with the output load in the transfer function. 

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To 
calculate the approximate improvement in phase margin, equation 1 can be used. 

~<I>m1 = tan-1 (2 x 1t x UGBW x Rnull x CL) 

where: 
~<I>m1 = improvement in phase margin 

UGBW unity-gain bandwidth frequency 

Rnull = output series resistance 

C L = load capacitance 

(1 ) 

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 54 and 
Figure 55). To use equation 1, UGBW must be approximated from Figure 54 and Figure 55. 

VI -'VV\r-....... --1 
Rnull 

Figure 56. Series-Resistance Circuit 
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TLV2231, TLV2231Y 
Advanced LinCMOSTM RAIL-TO-RAIL 
LOW-POWER SINGLE OPERATIONAL AMPLIFIERS 
SLOS158B - JUNE 1996 - REVISED FEBRUARY 1997 

APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 6) and subcircuit in Figure 57 are generated using 
the TLV2231 typical electrical and operating characteristics at TA = 25°C. Using this information, output 
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 6: G. R. Boyle, B. M. Cohn. D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers," IEEEJoumal 
of Solid-State Circuits, SC-9, 353 (1974). 

DLN 
3 

r-----l4I--.. 92 

RP 
2 

IN - --e-f--I----t+--' 

IN+ --e+-f-----f----f----' 

VC 

DC 

DE 

+ 

-=- -=-
R01 

5 54 
VDD-~~~----~~-t-t-~,.~~-----------__ 

+ 
VE 

.SUBCKT TLV2231 1 2345 
C1 11 12 13.51E-12 
C2 6 7 50.00E-12 
DC 5 53 DX 
DE 54 5 DX 
DLP 90 91 DX 
DLN 92 90 DX 
DP 4 3 DX 
EGND 99 0 POLY (2) (3,0) (4,0) 0.5.5 
FB 7 99 POLY (5) VB VC vI: VLP 
+ VLN 0 90.83E3-10E310E310E3-10E3 
GA 6 0 11 12314.2E-6 
GCM 0 6 10 99 242.35E-9 
ISS 3 10 DC 87.00E-6 
HUM 90 0 VUM 1K 
J1 11 2 10JX 
J2 12 1 10JX 
R2 6 9 100.0E3 

OUT 

RD1 60 11 3.183E3 
RD2 60 12 3.183E3 
R01 8 5 25 
R02 7 99 25 
RP 3 4 6.553E3 
RSS 10 99 2.500E6 
VAD 60 4 -.5 
VB 9 0 DCO 
VC 3 53 DC .795 
VE 54 4 DC .795 
VUM 7 8 DCO 
VLP 91 0 DC 12.4 
VLN 0 92 DC 17.4 
.MODEL DX D (IS=800.0E-18) 
.MODEL JX PJF= (IS=500.0E-15 BETA=2.939E-3 
+ VTO=-.065) 
.ENDS 

Figure 57. Boyle Macromodel and Subcircuit 

PSpice and Parts are trademark of MicroSim Corporation. 

Macromodels, simulation models, or other models provtded by n, 
directly or Indlrect~, are not warranted by il 81 fully representing all 

:"'~~=~:rod~ct~lcrU:~~chr:.:.rlstICS of the 
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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 

• Output Swing Includes Both Supply Rails 

• Low NOise ..• 19 nVl"Hz Typ at f = 1 kHz 
• Low Input Bias Current ••• 1 pA Typ 

• Fully Specified for Both Single-Supply and 
Split-Supply Operation 

• Very Low Power ..• 34 !!A Per Channel Typ 

description 

The TLV2252 and TLV2254 are dual and 
quadruple low-voltage operational amplifiers from 
Texas Instruments. Both devices exhibit rail-to-rail 
output performance for increased dynamic range 
in single- or split-supply applications. The 
TLV225x family consumes only 34 !!A of supply 
current per channel. This micropower operation 
makes them good choices for battery-powered 
applications. This family is fully characterized at 
3 V and 5 V and is optimized for low-voltage 
applications. The noise performance has been 
dramatically improved over previous generations 
of CMOS amplifiers. The TLV225x has a noise 
level of 19 nV/"Hz at 1 kHz; four times lower than 
competitive micropower solutions. 

The TLV225x, exhibiting high input impedance 
and low noise, are excellent for small-signal 
conditioning for high-impedance sources, such as 
piezoelectric transducers. Because of the micro
power dissipation levels combined with 3-V 
operation, these devices work well in hand-held 
monitoring and remote-sensing applications. In 

> 
I 

GI 
CI 

:!l! 
~ 
"!$ 

~ 
0 

• Common-Mode Input Voltage Range 
Includes Negative Rail 

• Low Input Offset Voltage 
850 llV Max at TA = 25°C 

• Wide Supply Voltage Range 
2.7Vto8V 

• Macromodel Included 

3 

2.5 

2 

1.5 

0.5 

o 
o 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

\\ \\ 
~ I 

VOO=3V 

1 , ~~ 
TA=-40°C 

I 
I 

TA = 25°C 

I 
I 

TA = 85°C 

I 
I 

TA = 125°C 

200 400 600 

I IOH I - High-Level Output Current - !LA 

Figure 1 

800 

addition, the rail-to-rail output feature with single or split supplies makes this family a great choice when 
interfacing with analog-to-digital converters (ADCs). For precision applications, the TLV225xA family is 
available and has a maximum input offset voltage of 850 llV. 

The TLV2252/4 also make great upgrades to the TLV232214 in standard designs. They offer increased output 
dynamic range, lower noise voltage and lower input offset voltage. This enhanced feature set allows them to 
be used in a wider range of applications. For applications that require higher output drive and wider input voltage 
range, see the TLV2432 and TLV2442 devices. If your design requires single amplifiers, please see the 
TLV2211/21/31 family. These devices are single rail-to-rail operational amplifiers in the SOT-23 package. Their 
small size and low power consumption, make them ideal for high density, battery-powered equipment. 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
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TLV225x, TLV225xA,TLV225xY 
AdVanced tinCMO$TM RAIL-TO~RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185-FEBRUARY 1997 

TLV2252 AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA 
VIOmax SMALL CHIP CERAMIC PLASTIC 
AT 25°C OUTLINEt CARRIER DIP DIP 

(D) (FK) (JG) (P) 

-40°C to 850 !LV TLV2252AID - - TLV2252AIP 
85°C 1500 ~V TLV22521D - - TLV2252IP 

-55°C to 850 !LV - TLV2252AMFK TLV2252AMJG -
125°C 1500 !LV - TLV2252MFK TLV2252MJG -

TSSOP* 
(PW) 

TLV2252AIPWLE 
-

-
-

t The D packages are available taped and reeled. Add R suffix to device type (e.g., TLV2252CDR). 
:I: The PW package is available only left-end taped and reeled. 
§ Chips are tested at 25°C. 

TLV2254 AVAILABLE OPTIONS 

PACKAGED DEVICES 

Vlomax 
TA SMALL CHIP CERAMIC PLASTIC 

TSSOP* AT 25°C OUTLINEt CARRIER DIP DIP 
(D) (FK) (J) (N) 

(PW) 

-40°C to 850 !LV TLV2254AID - - TLV2254AIN TLV2254AIPWLE 
85°C 1500 !LV TLV22541D - - TLV22541N -

-55°C to 850 !LV - TLV2254AMFK TLV2254AMJ - -
125°C 1500 !LV - TLV2254MFK TLV2254MJ - -

t The D packages are available taped and reeled. Add R suffix to device type (e.g., TLV2254CDR). 
:I: The PW package is available only left-end taped and reeled. 
§ Chips are tested at 25°C. 
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CHIP 
CERAMIC FORM§ 
FLATPACK 

(U) 
M 

-
-

TLV2252Y 
TLV2252AMU 
TLV2252MU 

CHIP 
CERAMIC FORM§ 
FLATPACK 

(W) 
(V) 

-
-

TLV2254Y 
TLV2254AMW 
TLV2254MW 



TLV22521, TLV2252AI 
D, P, OR PW PACKAGE 

(TOP VIEW) 

10UT(J8 Voo+ 
11N- 2 7 20UT 
11N+ 3 6 21N-

Voo_/GND 4 5 21N+ 

TLV2252M, TLV2252AM ••. JG PACKAGE 
(TOP VIEW) 

10UT(J8 Voo+ 
11N- 2 7 20UT 
11N+ 3 6 21N-

Voo_/GND 4 5 21N+ 

TLV2652M, TLV2252AM ... U PACKAGE 
(TOP VIEW) 

NC 
10UT 

NC 

11N+ 
Vcc_/GND 

21N-
21N+ 

TLV2252M, TLV2252AM ... FK PACKAGE 
(TOP VIEW) 

I- + 
:::l Cl 

~ Q ~ $l~ 

NC 
3 2 1 2019 

NC 4 18 
11N- 5 17 20UT 

NC 6 16 NC 
11N+ 7 15 21N-

NC 8 14 NC 
9 10 11 12 13 

UClU:i!:U 
ZQ Z C\i Z 

I 
Cl 
$l 

TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOSl B5 - FEBRUARY 1997 

TLV22541, TLV2254AI •.. D OR N PACKAGE 
TLV2254M, TLV2254AM ... J OR W PACKAGE 

(TOP VIEW) 

10UT 
11N-

14 40UT 
13 41N-
12 41N+ 
11 Voo_/GND 
10 31N+ 
9 31N-
8 30UT 

TLV22541, TLV2254AI ... PW PACKAGE 
(TOP VIEW) 

10UT 
11N-
11N + 
Voo+ 
21N+ 
21N-

20UT 

40UT 
41N-
41N+ 
Voo_/GND 
31N+ 
31N-
30UT 

TLV2254M, TLV2254AM ... FK PACKAGE 

11N+ 
NC 

Voo+ 
NC 

21N+ 

(TOP VIEW) 

II- ~I 
~5uo~ 
...-..-ZV.q.-

41N+ 
NC 
Voo.JGND 
NC 
31N+ 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-595 



TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2252Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV2252. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

-:: 67 
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11N+ (3) 

(2) 
11N-

20UT 

10UT 

21N+ 

(6) 21N-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

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



TLV225x, TLV225xA,TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2254Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV2254. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

~14~-------------------109 --------------------~.I 
1IIIIIJIJIIIJljlJIPIIJIJljlJIIIJIliflIIIIJljlIIJIIIPlIJIIliiIIjlIIIIIIIIIIIIPIIIIPII1111111111111111111111 
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VDD_/GND 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (11) IS INTERNALLY CONNECTED 
TO BACKSIDE OF THE CHIP. 
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% I equivalent schematic (each amplifier) 
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ACTUAL DEVICE COMPONENT COUNTt 

COMPONENT TLV2252 TLV2254 

Transistors 38 76 

Resistors 30 56 

Diodes 9 18 

Capacitors 3 ____ 6 

t Includes both amplifiers and all ESD, bias, and trim circuitry 



TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL·TO·RAIL 

VERY LOW·POWER OPERATIONAL AMPLIFIERS 
SLOSI85- FEBRUARY 1997 

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

Supply voltage, Voo (see Note 1) ............................................................ 8 V 
Differential input voltage, VIO (see Note 2) .................................................. ±Voo 
Input voltage range, VI (any input, see Note 1) ................................. Voo--0.3 V to Voo+ 
Input current, II (each input) .............................................................. ±5 mA 
Output current, 10 ...................................................................... ±50 mA 
Total current into Voo+ ................................................................. ±50 rnA 
Total current out of VOD- ............................................................... ±50 mA 
Duration of short-circuit current (at or below) 25°C (see Note 3) ............................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: I Suffix ................................... -40°C to 85°C 

M Suffix ................................. -55°C to 125°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P, and PW packages ....... 260°C 

J, JG, U, and W packages ....... 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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to VOO _. 
2. Oifferential voltages are at the noninverting input with respect to the inverting input. Excessive current flows when input is brought 

below VOO- - 0.3 V. 
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=85°C 
POWER RATING ABOVE TA = 25°C POWER RATING 

0-8 725mW 5.8mW/oC 377mW 

0-14 950mW 7.6mW/oC 494mW 

FK 1375mW 11.0mW/oC 715mW 

J 1375mW 11.0mW/oC 715mW 

JG 1050mW 8.4 mW/oC 546mW 

N 1150mW 9.2mW/oC 598mW 

P 1000mW 8.0mW/oC 520mW 

PW-8 525mW 4.2mW/oC 273mW 

PW-14 700mW 5.6mW/oC 364mW 

U 700mW 5.5mW/oC 370mW 

W 700mW 5.5mW/oC 370mW 

recommended operating conditions 
TLV22521 

MIN MAX 

Supply voltage, VOO (see Note 1) 2.7 8 

Input voltage range, VI VOO- VOO+-l.3 

Common-mode input voltage, VIC VOO- VOO+-l.3 

Operating free-air temperature, TA -40 85 

NOTE 1: All voltage values, except differential voltages, are with respect to VOO _. 
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TA = 125°C 
POWER RATING 

145mW 

190mW 

275mW 

275mW 

210mW 

230mW 

200mW 

105mW 

140mW 

150mW 

150mW 

TLV2252M 
UNIT 

MIN MAX 

2.7 8 V 

VOO- VOO+-l.3 V 

VOO- VOO+-l.3 V 

-55 125 °C 
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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV22521 electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise 
noted) 

PARAMETER 

Via Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage 

Val 
low-level output 
voltage 

AVO 
large-signal differential 
voltage amplification 

ri(d) 
Oifferential input 
resistance 

fj(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

Zo 
Closed-loop output 
impedance 

CMRR 
Common-mode 
rejection ratio 

Supply voltage 

ksVR rejection ratio 
(,WOO IAVIO) 

100 Supply current 

t Full range IS - 40°C to 85°C. 
:I: Referenced to 1.5 V 

TAt TEST CONDITIONS 
MIN 

25°C 

Full range 

25°C 
to 85°C 

VOO±=±1.5V, VIC=O, 
VO=O, RS=50Q 25°C 

25°C 

Full range 

25°C 

Full range 

0 
25°C to 

2 
RS=50Q, IV101,,5mV 

0 
Full range to 

1.7 

10H =-20 l1A 25°C 

10H = -75l1A 
25°C 2.9 

Full range 2.8 

10H = -150 l1A 25°C 2.8 

VIC= 1.5 V, IOl = 50 l1A 25°C 

VIC = 1.5 V, 10l = 500 l1A 
25°C 

Full range 

VIC = 1.5 V, 10l= 1 mA 
25°C 

Full range 

Rl= 100kQ:I: 
25°C 100 

VIC= 1.5V, Full range 10 
VO= 1 Vt02V 

Rl= 1 MQ:I: 25°C 

25°C 

25°C 

f=10kHz, P package 25°C 

f =25 kHz, Av= 10 25°C 

VIC =Oto 1.7V, 25°C 65 
VO= 1.5 V, RS=50Q Full range 60 

VOO= 2.7Vt08V, 25°C 80 

VIC = VOO/2, No load Full range 80 

VO= 1.5V, No load 
25°C 

Full range 

TLV22521 TLV2252AI 

TYP MAX MIN TYP MAX 
UNIT 

200 1500 200 850 
!lV 

1750 1000 

0.5 0.5 !lV/oC 

0.003 0.003 !lV/mo 

0.5 0.5 
pA 

150 150 

1 1 
pA 

150 150 

-0.3 0 -0.3 
to to. to 

2.2 2 2.2 
V 

0 
to 

1.7 

2.98 2.98 

2.9 
V 

2.8 

2.8 

10 10 

100 100 

150 150 mV 

200 200 

300 300 

250 100 250 

10 V/mV 

800 800 

1012 1012 Q 

1012 1012 Q 

8 8 pF 

220 220 Q 

75 65 77 
dB 

60 

95 80 100 
dB 

80 

68 125 68 125 
l1A 

150 150 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV22521 operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER 

SR Slew rate at unity gain 

Equivalent input noise 
Vn voltage 

Peak-to-peak 
VN(PP) equivalent input noise 

voltage 

In 
Equivalent input noise 
current 

Gain-bandwidth product 

BOM 
Maximum output-swing 
bandwidth 

q,m Phase margin at unity 
gain 

Gain margin 

t Full range IS -40°C to 85°C. 
:j: Relerenced to 1.5 V 

TEST CONDITIONS TAt 

VO=1.1 Vt01.9V, 25°C 
RL = 100 kg:j:, Full 
CL = 100 pF:j: range 

1= 10 Hz 25°C 

1 = 1 kHz 25°C 

1 = 0.1 Hz to 1 Hz 25°C 

1=0.1 Hz to 10 Hz 25°C 

25°C 

1= 1 kHz, RL = 50 ill+, 25°C 
CL = 100 pF:j: 

VO(PP) = 1 V, 
RL=50kg:j:, 

AV=1, 
CL = 100 pF:j: 

25°C 

RL = 50 ill+, CL = 100 pF+ 
25°C 

25°C 

~TEXAS 
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TLV22521 

MIN TYP 

0.07 0.1 

0.05 

35 

19 

0.6 

1.1 

0.6 

0.187 

60 

63° 

15 
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TLV2252AI 
UNIT 

MAX MIN TYP MAX 

0.07 0.1 

V/Jls 
0.05 

35 
nV/"IHz 

19 

0.6 
JlV 

1.1 

0.6 IANHz 

0.187 MHz 

60 kHz 

63° 

15 dB 
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TLV225x, TLV225xA,TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185- FEBRUARY 1997 

TLV22521 electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise 
noted) 

TAt 
TLV22521 TLV2252A1 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 200 1500 200 850 
VIO Input offset voltage 

Full range 1750 1000 
J.lV 

Temperature coefficient 25°C 
0.5 0.5 J.lV/oC aVIO of input offset voltage to 85°C 

Input offset voltage long- VDD± = ±2.5 V, V'C=O, 25°C 0.003 0.003 J.lV/mo term drift (see Note 4) VO=O, RS=500 

25°C 0.5 0.5 
',0 Input offset current 

Full range 150 I 150 
pA 

Input bias current 
25°C 1 1 

liB 
Full range 150 150 

pA 

0 -0.3 0 -0.3 
25°C to to to to 

Common-mode input 4 4.2 4 4.2 
V,CR voltage range IV,OI $5mV, RS=500 V 

0 0 
Full range to to 

3.5 3.5 

10H = - 20 J.LA 25°C 4.98 4.98 

25°C 4.9 4.94 4.9 4.94 
VOH High-level output voltage 10H = -75 J.LA V 

Full range 4.8 4.8 

10H = -150 J.LA 25°C 4.8 4.88 4.8 4.88 

V'C=2.5V, 10L = 50 J.LA 25°C 0.01 0.01 

25°C 0.09 0.15 0.09 0.15 

VOL LOW-level output voltage 
V'C=2.5V, IOL = 500 J.LA 

Full range 0.15 0.15 V 

25°C 0.2 0.3 0.2 0.3 
V'C=2.5V, IOL= 1 mA 

Full range 0.3 0.3 

RL= 100kO:!: 
25°C 100 350 100 350 

AVD 
Large-signal differential V'C =2.5 V, Full range 10 10 V/mV 
voltage amplification VO=1 Vt04V 

RL=1 MO; 25°C 1700 1700 

q(d) 
Differential input 

25°C 1012 1012 0 
resistance 

q(c) 
Common-mode input 

25°C 1012 1012 0 
resistance 

Ci(c) 
Common-mode input 

f= 10kHz, P package 25°C 8 8 pF 
capacitance 

zo 
Closed-loop output 

f= 25 kHz, AV=10 25°C 200 200 0 
impedance 

Common-mode rejection V'C = Oto 2.7 V, VO=2.5V, 25°C 70 83 70 83 
CMRR dB ratio RS=500 Full range 70 70 

Supply voltage rejection VDD = 4.4 V to 8 V, 25°C 80 95 80 95 
kSVR dB ratio (AVDD/,W,O) V'C = VDD/2, No load Full range 80 80 

'DD Supply current VO=2.5V, No load 
25°C 70 125 70 125 

J.LA 
Full range 150 150 

Full ran e is - 40°C to 85°C. g 
:!: Referenced to 2.5 V 
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL· TO·RAIL 

VERY LOW·POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV22521 operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Equivalent input noise 
Vn 

voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input noise 
current 

Total harmonic 
THD+N 

distortion plus noise 

Gain-bandwidth 
product 

BaM 
Maximum output-swing 
bandwidth 

<l>m 
Phase margin at unity 
gain 

Gain margin 

t Full range IS - 40°C to 85°C. 
+ Referenced to 2.5 V 

TEST CONDITIONS TAt 

RL = 100 k.Q+. 
25°C 

Va = 1.5 Vto 3.5 V. 
Full CL = 100 pF+ 

range 

f= 10 Hz 25°C 

f= 1 kHz 25°C 

f= 0.1 Hz to 1 Hz 25°C 

f=0.1 Hzt010Hz 25°C 

25°C 

Va = 0.5 V to 2.5 V. AV=l 
f=20 kHz. 25°C 
RL=50 kQ+ AV=10 

f = 50 kHz. RL = 50 k.Q+. 
25°C 

CL= 100 pF+ 

VO(PP) =2V. AV=1. 25°C 
RL=50 kQ+. CL = 100 pF+ 

RL = 50 k.Q+. CL = 100 pF+ 
25°C 

25°C 
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TLV22521 

MIN TYP 

0.07 0.12 

0.05 

36 

19 

0.7 

1.1 

0.6 

0.2% 

1% 

0.2 

30 

63° 

15 
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TLV2252AI 
UNIT 

MAX MIN TYP MAX 

0.07 0.12 

V/Jls 
0.05 

36 

19 
nV/vHz 

0.7 
JlV 

1.1 

0.6 fAlvHz 

0.2% 

1% 

0.2 MHz 

30 kHz 

63° 

15 dB 
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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM' RAIL~TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV22541 electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature 

aVIO coefficient of input 
offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

High-level output 
VOH voltage 

VOL 
Low-level output 
voltage 

Large-signal 

AVD differential voltage 
amplification 

fi(d) 
Differential input 
resistance 

fi(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

Common-mode 
CMRR rejection ratio 

Supply voltage 

ksVR rejection ratio 
(aVDD/aVIO) 

IDD 
Supply current 
(four amplifiers) 

t Full range IS - 40°C to 85°C. 
:j: Referenced to 1.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 85°C 

VDD± = ±1.5 V, VIC=O, 
VO=O, RS=50Q 25°C 

25°C 

Full range 

25°C 

Full range 

25°C 
RS=50Q, 

IV101,;;5mV 

Full range 

10H =-20 I1A 25°C 

25°C 
10H = -7511A 

Full range 

10H = -150 I1A 25°C 

VIC = 1.5 V, 10L = 50 I1A 25°C 

25°C 
VIC = 1.5 V, 10L= 500 I1A 

Full range 

25°C 
VIC = 1.5 V, 10L= 1 rnA 

Full range 

25°C 
VIC = 1.5 V, RL = 100 kQ+ 

Full range 
VO=1 Vt02V 

RL=1 MQ+ 25°C 

25°C 

25°C 

f=10kHz, N package 25°C 

f= 25 kHz, AV=10 25°C 

VIC=Oto 1.7 V, VO=1.5V, 25°C 
RS=50Q Full range 

VDD= 2.7Vt08V, 25°C 

VIC =VDD/2, No load Full range 

VO=1,5V, No load 
25°C 

Full range 

TLV22541 TLV2254AI 

MIN TYP MAX MIN TYP MAX 
UNIT 

200 1500 200 850 

1750 1000 
!lV 

0.5 0,5 !lV/"C 

0.003 0.003 !lV/mo 

0.5 0,5 

150 150 
pA 

1 1 

150 150 
pA 

0 -0.3 0 -0.3 
t02 to 2.2 to 2 to 2.2 

V 
0 0 

to 1.7 t01.7 

2.98 2.98 

2.9 2.9 

2.8 2.8 
V 

2.8 2.8 

10 10 

100 100 

150 150 mV 

200 200 

300 300 

100 225 100 225 

10 10 V/mV 

800 800 

1012 1012 Q 

1012 1012 Q 

8 8 pF 

220 220 Q 

65 75 65 77 

60 60 
dB 

80 95 80 100 
dB 

80 80 

135 250 135 250 
I1A 

300 300 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV22541 operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent input 
VN(PP) noise voltage 

In Equivalent input noise current 

Gain-bandwidth product 

BaM 
Maximum output-swing 
bandwidth 

<l>m Phase margin at unity gain 

Gain margin 

t Full range is - 40°C to 85°C. 
:t: Relerenced to 1.5 V 

TAt TEST CONDITIONS 
MIN 

VO=0.7Vtol.7V, 25°C 0.07 
RL=100kQ:t:, 
CL= 100 pF:t: Full range 0.05 

1= 10 Hz 25°C 

1= 1 kHz 25°C 

1 = 0.1 Hz to 1 Hz 25°C 

1=0.1 Hz to 10Hz 25°C 

25°C 

1= 1 kHz, 
RL=50 kQ:t:, 25°C 
CL = 100 pF:t: 

VO(PP) = 1 V, 
AV= 1, 

25°C 
RL = 50 kU:t:, 
CL = 100 pF:t: 

RL =50 kn+, 25°C 

CL=100pF:t: 25°C 

~TEXAS 
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TYP 

0.1 

35 

19 

0.6 

1.1 

0.6 

0.187 

60 

63° 

15 
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TLV2254AI 
UNIT 

MAX MIN TYP MAX 

0.07 0.1 
V/Jls 

0.05 

35 

19 
nV/vHZ 

0.6 

1.1 
JlV 

0.6 IA/vHZ 

0.187 MHz 

60 kHz 

63° 

15 dB 
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TLV225x,TLV225xA,TLV225xY 
Advanced LinCMOSTMRAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185- FEBRUARY 1997 

TLV22541 electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature 

aVIO coefficient of input 
offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

High-level output 
VOH voltage 

VOL 
Low-level output 
voltage 

Large-signal 

AVD differential voltage 
amplification 

rj(d) 
Differential input 
resistance 

rj(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

CMRR 
Common-mode 
rejection ratio 

Supply voltage 

ksVR rejection ratio 
(aVDDhWIO) 

IDD 
Supply current 
(four amplifiers) 

t Full range is - 40°C to 85°C. 
:I: Referenced to 2.5 V 

TAt TEST CONDITIONS 
MIN 

25°C 

Full range 

25°C 
to 85°C 

VDD± = ±2.5 V, VIC=O, 
VO=O, RS=500 25°C 

25°C 

Full range 

25°C 

Full range 

25°C 
0 

t04 
IV101,;;5mV, RS=500 

0 
Full range to 3.5 

10H =-20 !LA 25°C 

25°C 4.9 
10H =-75 !LA 

Full range 4.8 

10H =-150 !LA 25°C 4.8 

VIC=2.5V, 10L = 50 !LA 25°C 

VIC=2.5V, 10L = 500 !LA 
25°C 

Full range 

VIC=2.5V, 10L= 1 rnA 
25°C 

Full range 

RL= 1ookO:I: 
25°C 100 

VIC =2.5 V, 
Full range 10 

VO=1 Vt04V 
RL=1 MO:l: 25°C 

25°C 

25°C 

f=10kHz, N package 25°C 

f= 25 kHz, AV=10 25°C 

VIC = 0 to 2.7 V, VO=2.5 V, 25°C 70 
RS=500 Full range 70 

VDD= 4.4 Vto 8V, 25°C 80 

VIC = VDD/2, No load Full range 80 

25°C 
VO=2.5V, No load 

Full range 

TLV22541 TLV2254AI 
UNIT 

TYP MAX MIN TYP MAX 

200 1500 200 850 

1750 1000 
!LV 

0.5 0.5 !LV/oC 

0.003 0.003 !LV/mo 

0.5 0.5 

150 150 
pA 

1 1 

150 150 
pA 

-0.3 0 -0.3 
to 4.2 t04 to 4.2 

V 
0 

to 3.5 

4.98 4.98 

4.94 4.9 

4.8 

4.94 
V 

4.88 4.8 4.88 

0.D1 0.01 

0.09 0.15 0.09 0.15 

0.15 0.15 V 

0.2 0.3 0.2 0.3 

0.3 0.3 

350 100 350 

10 V/mV 

1700 1700 

1012 1012 0 

1012 1012 0 

8 8 pF 

200 200 0 

83 70 

70 

83 
dB 

95 80 95 
dB 

80 

140 250 140 250 

300 300 
!LA 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV22541 operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn 

noise voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input 
noise current 

Tolal harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

BaM 
Maximum output-
swing bandwidth 

t\lm 
Phase margin at 
unity gain 

Gain margin 

t Full range IS - 40°C to 85°C. 
+ Relerenced to 2.5 V 

TEST CONDITIONS TAt 

Va = 1.4 Vt02.6V, 
CL = 100 pF+ 

1= 10 Hz 

1= 1 kHz 

1 = 0.1 Hz to 1 Hz 

1=0.1 Hztol0Hz 

VO= O.S Vt02.S V, 
1=20 kHz, 
RL=SOk~+ 

1= SO kHz, 
CL = 100 pF+ 

VO(pp)=2V, 
RL=SOkn+, 

RL=50kn+, 

MIN 

2SoC 0.07 
RL= 100kn+, 

Full 
O.OS 

range 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

AV= 1 
2SoC 

AV=10 

RL = SO kn+, 2SoC 

AV=I, 25°C 
CL = 100 pF+ 

Cl = 100 pF+ 
25°C 

25°C 

~TEXAS 
INSTRUMENTS 

TLV22541 

TYP 

0.12 

36 

19 

0.7 

1.1 

0.6 

0.2% 

1% 

0.2 

30 

63° 

15 
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TLV2254AI 
UNIT 

MAX MIN TYP MAX 

0.07 0.12 

O.OS 
V/IlS 

36 

19 
nV/VHz 

0.7 
~V 

1.1 

0.6 IA/VHz 

0.2% 

1% 

0.2 MHz 

30 kHz 

63° 

IS dB 
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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2252M electrical characteristics at specified free-air temperature, VOO = 3 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 

, voltage 

VOL 
Low-level output 
voltage 

AVO 
Large-signal differential 
voltage amplification 

q(d) 
Oifferential input 
resistance 

'l(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

CMRR 
Common-mode rejection 
ratio 

kSVR 
Supply voltage rejection 
ratio (AVOO /AVIO) 

100 Supply current 

t Full range is - 55°C to 125°C. 
:!: Referenced to 1.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 85°C 

VOO± =±1.5 V, VIC=O, 25°C 
VO=O, RS=50Q 

25°C 

125°C 

25°C 

125°C 

25°C 

RS=50Q, IVlol ~5mV 

Full range 

10H =-20 !LA 25°C 

IOH = -75 !LA 
25°C 

Full range 

IOH=-150!LA 25°C 

VIC = 1.5 V, IOL = 50 !LA 25°C 

VIC= 1.5V, IOL = 500 !LA 
25°C 

Full range 

VIC= 1.5V, IOL= 1 rnA 
25°C 

Full range 

RL= 100kQ:!: 
25°C 

VIC = 1.5 V, Full range 
VO= 1 Vt02V 

RL=1 MQ:!: 25°C 

25°C 

25°C 

f=10kHz, P package 25°C 

f=25 kHz, AV= 10 25°C 

VIC = Oto 1.7V, VO= 1.5 V, 25°C 
RS=50Q Full range 

VOO= 2.7Vt08V, 25°C 

VIC=VOO/2, No load Full range 

25°C 
VO= 1.5V, No load 

Full range 

TLV2252M TLV2252AM 

MIN TYP MAX MIN TYP MAX 
UNIT 

200 1500 200 850 
!LV 

1750 1000 

0.5 0.5 J!VloC 

0.003 0.003 !LV/rna 

0.5 0.5 
pA 

500 500 

1 1 
pA 

500 500 

0 -0.3 0 -0.3 
to to to to 
2 2.2 2 2.2 

V 
0 0 

to to 
1.7 1.7 

2.98 2.98 

2.9 2.9 
V 

2.8 2.8 

2.8 2.8 

10 10 

100 150 100 150 

165 165 mV 

200 300 200 300 

300 300 

100 250 100 250 

10 10 VlmV 

800 800 

1012 1012 Q 

1012 1012 Q 

8 8 pF 

220 220 Q 

65 75 65 n 
dB 

60 60 

80 95 80 100 
dB 

80 80 

68 125 68 125 

150 150 
!LA 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2252M operating characteristics at specified free-air temperature, VOO = 3 V 

PARAMETER 

SR Slew rate at unity gain 

Equivalent input noise 
Vn voltage 

Peak-to-peak 
VN(PP) equivalent input 

noise voltage 

In 
Equivalent input noise 
current 

Gain-bandwidth 
product 

Maximum 
BaM output-swing 

bandwidth 

.pm 
Phase margin at unity 
gain 

Gain margin 

t Full range is -55°C to 125°C. 
+ Referenced to 1.5 V 

TEST CONDITIONS TAt 

VO= 0.8 Vto 1.4 V, 
CL = 100 pF+ 

f= 10 Hz 

f= 1 kHz 

f = 0.1 Hz to 1 Hz 

f=O.l Hz to 10Hz 

f= 1 kHz, 
CL = 100 pF+ 

VO(PP)= 1 V, 
RL=50kQ+, 

RL=50kf.l+, 

RL = 100 k.Il+, 
25°C 

Full 
range 

25°C 

25°C 

25°C 

25°C 

25°C 

RL=50 kQ+, 25°C 

AV= 1, 
CL = 100 pF+ 

25°C 

CL= 100 pR 
25°C 

25°C 
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TLV2252M 

MIN TVP 

0.07 0.1 

0.05 

35 

19 

0.6 

1.1 

0.6 

0.187 

60 

63° 

15 
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TLV2252AM 
UNIT 

MAX MIN TVP MAX 

0.07 0.1 

0.05 
V/JLS 

35 

19 
nVlvHz 

0.6 
flV 

1.1 

0.6 fA/1Hz 

0.187 MHz 

60 kHz 

63° 

15 dB 

EH'l09 



TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185- FEBRUARY 1997 

TLV2252M electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
aVIO of input offset voltage 

Input offset voltage long-
term drift (see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

AVD 
Large-signal differential 
voltage amplification 

ri(d) 
Differential input 
resistance 

rj(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

Zo 
Closed-loop output 
impedance 

Common-mode rejection 
CMRR ratio 

Supply voltage rejection 
ksVR ratio (L\VDD/L\VIO) 

IDD Supply current 

t Full range IS - 55°C to 125°C. 
* Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 85°C 

VDD± = ±2.5 V, VIC=O, 25°C 
VO=O, RS=50n 

25°C 

125°C 

25°C 

125°C 

25°C 

IVIOI ~5mV, RS=50n 

Full range 

10H =-20 IlA 25°C 

25°C 
10H =-751lA 

Full range 

10H =-150 IlA 25°C 

VIC= 2.5 V, IOL = 50 IlA 25°C 

25°C 
VIC=2.5V, 10L= 5001lA 

Full range 

25°C 
VIC=2.5V, 10L= 1 mA 

Full range 

RL = 100 ill* 
25°C 

VIC = 2.5 V, Full range 
VO=l Vt04V 

RL=1 Mn* 25°C 

25°C 

25°C 

f=10kHz, P package 25°C 

f= 25 kHz, AV= 10 25°C 

VIC=Ot02.7V, 25°C 
VO=2.5V, RS=50n Full range 

VDD=4.4 Vt08 V, 25°C 

VIC = VDD/2, No load Full range 

25°C 
VO=2.5V, No load 

Full range 

TLV2252M TLV2252AM 

MIN TYP MAX MIN TYP MAX 
UNIT 

200 1500 200 850 

1750 1000 
!lV 

0.5 0.5 !lV/oC 

0.003 0.003 !lV/mo 

0.5 0.5 

500 500 
pA 

1 1 

500 500 
pA 

0 -0.3 0 -0.3 
to to to to 
4 4.2 4 4.2 

V 
0 0 

to to 
3.5 3.5 

4.98 4.98 

4.9 4.94 4.9 4.94 
V 

4.8 4.8 

4.8 4.88 4.8 4.88 

0.Q1 0.01 

0.09 0.15 0.09 0.15 

0.15 0.15 V 

0.2 0.3 0.2 0.3 

0.3 0.3 

100 350 100 350 

10 10 V/mV 

1700 1700 

1012 1012 n 

1012 1012 n 

8 8 pF 

200 200 n 

70 83 70 83 
dB 

70 70 

80 95 80 95 
dB 

80 80 

70 125 70 125 

150 150 IlA 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV225x, TLV225xA,TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2252M operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Equivalent input noise 
Vn 

voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input noise 
current 

Total harmonic 
THD+N 

distortion plus noise 

Gain-bandwidth product 

BaM 
Maximum output-swing 
bandwidth 

<Pm 
Phase margin at unity 
gain 

Gain margin 

t Full range is - 55°C to 125°C. 
:j: Relerenced to 2.5 V 

TEST CONDITIONS TAt 

Va = 1.25 V to 2.75 V, 25°C 
RL= 100 kU:j:, Full 
CL = 100 pF:j: range 

1= 10 Hz 25°C 

1= 1 kHz 25°C 

1 = 0.1 Hz to 1 Hz 25°C 

1=0.1 Hz to 10 Hz 25°C 

25°C 

Va = 0.5 Vto 2.5 V, AV=l 
1=20 kHz, 25°C 
RL=50 kU:j: AV= 10 

1 = 50 kHz, 
CL = 100 pF:j: 

RL=50kQ:t:, 
25°C 

VO(PP) =2V, AV=l, 25°C 
RL=50 kU:j:, CL = 100 pF:j: 

RL = 50 kU+, CL= 100pF:t: 
25°C 

25°C 

~TEXAS 
INSTRUMENTS 

TLV2252M 

MIN TYP 

0.07 0.12 

0.05 

36 

19 

0.7 

1.1 

0.6 

0.2% 

1% 

0.2 

30 

63° 

15 
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TLV2252AM 
UNIT 

MAX MIN TYP MAX 

0.07 0.12 

V/~s 
0.05 

36 
nV/-.JHz 

19 

0.7 
~V 

1.1 

0.6 IA/-.JHz 

0.2% 

1% 

0.2 MHz 

30 kHz 

63° 

15 dB 
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TLV225x, TLV225xA, TLV225xY 
Advanced UnCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2254M electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise 
noted) 

PARAMETER 

Via Input offset voltage 

aVIO 
Temperature coefficient 
of input offset voltage 

Input offset voltage 
long-
term drift (see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

High-level output 
VOH voltage 

Val 
low-level output 
voltage 

AVO 
large-signal differential 
voltage amplification 

fi(d) 
Differential input 
resistance 

fi(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

Common-mode 
CMRR rejection ratio 

Supply voltage 

kSVR rejection ratio 
(aVOOILWIO) 

100 
Supply current 
(four amplifiers) 

t Full range IS - 55°C to 125°C. 
:j: Referenced to 1.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 125°C 

VOO±=±1.5V, VIC=O, 25°C 
VO=O, RS=50n 

25°C 

125°C 

25°C 

125°C 

25°C 

RS=50n, IVIOI ':;5mV 

Full range 

10H =-20!1A 25°C 

25°C 
10H =-75!1A 

Full range 

10H = -150!1A 25°C 

VIC = 1.5 V, 10l = 50!1A 25°C 

25°C 
VIC = 1.5 V, 10l = 500!1A 

Full range 

25°C 
VIC = 1.5 V, 10l= 1 mA 

Full range 

Rl = 100 kQ:j: 
25°C 

VIC = 1.5V, Full range 
VO= 1 Vt02V 

Rl=1Mn:j: 25°C 

25°C 

25°C 

f=10kHz, N package 25°C 

f= 25 kHz, AV= 10 25°C 

VIC = Oto 1.7V, VO=1.5V, 25°C 
RS=50n Full range 

VOO= 2.7VtoSV, 25°C 

VIC=VOO/2, No load Full range 

VO=1.5V, No load 
25°C 

Full range 

TLV2254M TLV2254AM 

MIN TYP MAX MIN TYP MAX 
UNIT 

200 1500 200 S50 

1750 1000 
!lV 

0.5 0.5 !lV/oC 

0.003 0.003 !lV/mo 

0.5 0.5 

500 500 
pA 

1 1 

500 500 
pA 

0 -0.3 0 -0.3 
to to to to 
2 2.2 2 2.2 

V 
0 0 

to to 
1.7 1.7 

2.9S 2.9S 

2.9 2.9 

2.S 2.S 
V 

2.S 2.S 

10 10 

100 150 100 150 

165 165 mV 

200 300 200 300 

300 300 

100 225 100 225 

10 10 V/mV 

SOO SOO 

1012 1012 n 

1012 1012 n 

S S pF 

220 220 n 

65 75 65 77 

60 60 
dB 

SO 95 SO 100 
dB 

SO SO 

135 250 135 250 
!1A 

300 300 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2254M operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent input 
VN(PP) noise voltage 

In Equivalent input noise current 

Gain-bandwidth product 

BOM 
Maximum output-swing 
bandwidth 

<Pm Phase margin at unity gain 

Gain margin 

t Full range is - 55°C to 125°C. 
:t: Relerenced to 1.5 V 

TAt 
TLV2254M 

TEST CONDITIONS 
MIN 

VO=0.5Vt01.7V, 25°C 0.07 
RL = 100 k.Q:t:, 
CL= 100pF:t: Full range 0.05 

1= 10 Hz 25°C 

1= 1 kHz 25°C 

1 = 0.1 Hz to 1 Hz 25°C 

1=0.1 Hz to 10Hz 25°C 

25°C 

f= 1 kHz, 
RL = 50 k.Q:t:, 25°C 
CL= 100 pF:t: 

VO(PP)= 1 V, 
AV=1, 

25°C 
RL = 50 k.Q:t:, 
CL = 100 pF:t: 

RL=50 kQ:j:, 25°C 

CL = 100 pF:t: 25°C 

~TEXAS 
INSTRUMENTS 

TYP 

0.1 

35 

19 

0.6 

1.1 

0.6 

0.187 

60 

63° 

15 
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TLV2254AM 
UNIT 

MAX MIN TYP MAX 

0.07 0.1 
V/flS 

0.05 

35 

19 
nV/"Hz 

0.6 

1.1 
flV 

0.6 IA/"Hz 

0.187 MHz 

60 kHz 

63° 

15 dB 
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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2254M electrical characteristics at specified free-air temperature, VDD = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
OtVIO of input offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

High-level output 
VOH voltage 

VOL 
Low-level output 
voltage 

AVO 
Large-signal differential 
voltage amplification 

rj(d) 
Oifferential input 
resistance 

ri(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

Zo 
Closed-loop output 
impedance 

Common-mode 
CMRR rejection ratio 

Supply voltage 

ksVR rejection ratio 
(aVOO/aVIO) 

Supply current 
100 (four amplifiers) 

t Full range is - 55°C to 125°C. 
+ Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 125°C 

VOO± = ±2.5 V, VIC=O, 25°C 
VO=O, RS=500 

25°C 

125°C 

25°C 

125°C 

25°C 

IVI01,;;5mV, RS=500 

Full range 

10H =-20!1A 25°C 

25°C 
10H =-75!1A 

Full range 

10H = -150!1A 25°C 

VIC=2.5V, 10L = 50!1A 25°C 

25°C 
VIC=2.5V, 10L = 500!1A 

Full range 

25°C 
VIC=2.5V, 10L= 1 mA 

Full range 

RL= 100 k.Q+ 
25°C 

VIC=2.5V, Full range 
VO= 1 Vt04V 

RL= 1 MO+ 25°C 

25°C 

25°C 

f= 10kHz, N package 25°C 

f= 25 kHz, AV= 10 25°C 

VIC = Oto 2.7 V, VO=2.5V, 25°C 

RS=500 Full range 

VOO = 4.4 V to 8 V, 25°C 

VIC=VOO/2, No load Full range 

VO=2.5V, No load 
25°C 

Full range 

TLV2254M TLV2254AM 
UNIT 

MIN TYP MAX MIN TYP MAX 

200 1500 200 850 

1750 1000 
ltV 

0.5 0.5 ItV/oC 

0.003 0.003 ItV/mo 

0.5 0.5 

500 500 
pA 

1 1 

500 500 
pA 

0 -0.3 0 -0.3 
to to to to 
4 4.2 4 4.2 

V 
0 0 

to to 
3.5 3.5 

4.98 4.98 

4.9 4.94 4.9 4.94 
V 

4.8 4.8 

4.8 4.88 4.8 4.88 

0.01 0.01 

0.09 0.15 0.09 0.15 

0.15 0.15 V 

0.2 0.3 0.2 0.3 

0.3 0.3 

100 350 100 350 

10 10 V/mV 

1700 1700 

1012 1012 0 

1012 1012 0 

8 8 pF 

200 200 0 

70 83 70 83 
dB 

70 70 

80 95 80 95 
dB 

80 80 

140 250 140 250 
!1A 

300 300 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2254M operating characteristics at specified free-air temperature, VDD = 5 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn 

noise voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

BOM 
Maximum output-
swing bandwidth 

<l>m 
Phase margin at 
unity gain 

Gain margin 

t Full range IS - 55°C to 125°C. 
=1= Relerenced to 2.5 V 

TAt 
TLV2254M 

TEST CONDITIONS 

Vo = 0.5 V to 3.5 V, 
CL = 100 pF=I= 

1= 10 Hz 

1= 1 kHz 

1 = 0.1 Hz to 1 Hz 

1=0.1 Hz to 10Hz 

Vo = 0.5 V to 2.5 V, 
1= 20 kHz, 
RL=50kn=l= 

1 = 50 kHz, 
CL = 100 pF=I= 

VO(PP) =2V, 
RL=50kn=l=, 

RL=50 kn+, 

MIN 

25°C 0.07 
RL= 100kn=l=, 

Full 
0.05 

range 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=1 
25°C 

AV= 10 

RL=50kn+, 
25°C 

AV=I, 
25°C 

CL = 100 pF=I= 

CL = 100 pF+ 
25°C 

25°C 

~TEXAS 
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TVP 

0.12 

36 

19 

0.7 

1.1 

0.6 

0.2% 

1% 

0.2 

30 

63° 

15 

TLV2254AM 
UNIT 

M~X MIN TVP MAX 

0.07 0.12 

0.05 
V/iJS 

36 
nV/v'RZ 

19 

0.7 
I!V 

1.1 

0.6 IA/-JHz 

0.2% 

1% 

0.2 MHz 

30 kHz 

63° 

15 dB 
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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOSl85 - FEBRUARY 1997 

TLV2252Y electrical characteristics at Voo = 3 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

110 Input offset current VOO±=±1.5 V, VIC=O, 

liB Input bias current 
VO=O, RS=50Q 

VICR Common-mode input voltage range IVIOI:>SmV, RS=50Q 

10H =-20J1A 
VOH High-level output voltage 

10H = -150 J1A 

VIC=O, 10L = SO J1A 

VOL LOW-level output voltage VIC=O, 10L = SOO J1A 

VIC =0, 10L=1 rnA 

I RL= 100 kQt 
AVO Large-signal differential voltage amplification VO= 1 Vt02V I RL= 1 MQt 

qed) Oifferential input resistance 

q(c) Common-mode input resistance 

ciCcI Common-mode input capacitance 

Zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

kSVR 
Supply voltage rejection ratio 
(6.VooILWro) 

IOD Supply current 

t Referenced to 1.5 V 

6--616 

f=10kHz 

f=25 kHz, AV= 10 

VIC=Otol.7V, VO=O, 

VOO =2.7Vto 8 V, VIC=O, 

VO=O, No load 
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RS=50Q 

No load 

TLV22S2Y 

MIN TYP 

200 

0.5 

1 

-0.3 
to 

2.2 

2.98 

2.85 

10 

100 

200 

225 

800 

1012 

1012 

8 

220 

77 

100 

68 

MAX 
UNIT 

I1V 

pA 

pA 

V 

V 

V 

V/mV 

Q 

Q 

pF 

Q 

dB 

dB 

J1A 



TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2252Y electrical characteristics at Voo = 5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

110 Input offset current VOO± = ±2.5 V, VIC=O, 

liB Input bias current 
VO=O, RS=50n 

VICR Common-mode input voltage range IVI01,;;5mV, RS=50n 

10H =-20 JlA 
VOH High-level output voltage 10H =-75 JlA 

10H = -150 JlA 
VIC=2.5V, 10L =50 JlA 

VOL Low-level output voltage VIC =2.5V, 10L= 500 JlA 

VIC=2.5V, IOL=1 mA 

VIC =2.5V, I RL= 100 knt 
AVO Large-signal differential voltage amplification 

VO= 1 Vt04 V I RL= 1 Mnt 

qed) Oifferential input resistance 

q(c) Common-mode input resistance 

Ci(c) Common-mode input capacitance 

zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

kSVR 
Supply voltage rejection ratio 
(AVOO/AVIO) 

100 Supply cu rrent 

t Referenced to 2.5 V 

f= 10 kHz 

f= 25 kHz, AV=10 

VIC=Ot02.7V, Vo = 2.5 V, 

VOO = 4.4 V to 8 V, VIC=VOO/2, 
No load 

VO=2.5V, No load 

~TEXAS 
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TLV2252Y 

MIN TYP MAX 
UNIT 

200 JlV 

0.5 pA 

1 pA 

-0.3 
to V 

4.2 

4.98 

4.94 V 

4.88 

0.01 

0.09 V 

0.2 

350 
V/mV 

1700 

1012 n 

1012 n 

8 pF 

200 n 

RS=50n 83 dB 

95 dB 

70 JlA 
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TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2254Y electrical characteristics at Voo = 3 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

110 Input offset current VDD± = ±1.5 V, VIC=O, 

liB Input bias current 
VO=O, RS=500 

VICR Common-mode input voltage range IVI0Is5mV, RS=500 

10H =-20 ItA 
VOH High-level output voltage 

10H = -150 ItA 
VIC=O, 10L= 50 ItA 

VOL Low-level output voltage VIC=O, 10L = 500 ItA 
VIC =0, 10L= 1 mA 

I RL= 100 kot 
AVD Large-signal differential voltage amplification VO= 1 Vt02V I RL= 1 Mot 

~(d) Differential input resistance 

q(c) Common-mode input resistance 

Cj(c) Common-mode input capacitance 

zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

ksVR 
Supply voltage rejection ratio 
(~VDD/~VIO) 

IDD Supply current (four amplifiers) 

t Referenced to 1.5 V 

6~18 

f=10kHz 

f= 25 kHz, AV=10 

VIC =Oto 1.7V, VO=O, 

VDD = 2.7 V to 8 V, VIC=O, 

VO=O, No load 
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RS=500 

No load 

TLV2254Y 

MIN TVP 

200 

0.5 

1 

-0.3 
to 

2.2 

2.98 

2.85 

10 

100 

200 

225 

800 

1012 

1012 

8 

220 

77 

100 

135 

MAX 
UNIT 

ltV 

pA 

pA 

V 

V 

mV 

V/mV 

0 

0 

pF 

0 

dB 

dB 

ItA 



TLV225x, TLV225xA, TLV225xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

VERY LOW-POWER OPERATIONAL AMPLIFIERS 
SLOS185 - FEBRUARY 1997 

TLV2254Y electrical characteristics at Voo = 5 V, TA = 25°C (unless otherwise noted) 

PARAMETER 

Via Input offset voltage 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 

VOH High-level output voltage 

VOL low-level output voltage 

large-signal differential voltage 
AVO amplification 

ri(d) Oifferential input resistance 

ri(c) Common-mode input resistance 

ci(c) Common-mode input capacitance 

zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

kSVR 
Supply voltage rejection ratio 
(,WOO/AVIO) 

100 Supply current (four amplifiers) 

t Referenced to 2.5 V 

TEST CONDITIONS 

VOO± = ±2.5 V, VIC=O, 
RS=500 

IVIOIo>5mV, RS=500 

IOH =-20 ILA 
IOH = -751LA 

IOH = -150 ILA 
VIC=2.5V, IOl = 50 ILA 
VIC=2.5V, IOl = 500 ILA 
VIC=2.5V, IOl=l rnA 

VIC=2.5V, I Rl = 100 kQt 

VO=l Vt04V I Rl= 1 MOt 

f=10kHz 

f=25 kHz, AV=10 

VIC = 0 to 2.7 V, VO=2.5V, 

VOO = 4.4 V to 8 V, VIC=VOO/2, 

VO=2.5V, No load 
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TLV2254Y 

MAX TYP MAX 
UNIT 

200 ILV 
VO=O, 0.5 pA 

1 pA 

-0.3 
to V 

4.2 

4.98 

4.94 V 

4.88 

0.01 

0.09 V 

0.2 

350 
VlmV 

1700 

1012 0 

1012 0 

8 pF 

200 0 

RS=500 83 dB 

No load 95 dB 

140 ILA 

6-619 
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VIO 

aVIO 

IIB/IIO 

VI 

VOH 

VOL 

VO(PP) 

lOS 

VID 

AVD 

AVD 

Zo 

CMRR 

ksVR 

IDD 

SR 

Vo 

Vo 

Vo 

Vo 

Vn 

THD+N 

<Pm 

B1 

6-620 

. TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage 
Distribution 
vs Common-mode voltage 

Input offset voltage temperature coefficient Distribution 

Input bias and input offset currents vs Free-air temperature 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:j: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:I: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:J: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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t For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
:j: 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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SUPPLY CURRENTt 

vs 
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SLEWRATE* 
vs 

LOAD CAPACITANCE 

SR-

[\. 
SR+ 

CL - Load Capacitance - pF 

Figure 39 

7 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. * For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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VERY LOW-POWER OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 

SLEWRATEtt 
vs 

FREE·AIR TEMPERATURE 
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Figure 40 

INVERTING LARGE·SIGNAL PULSE 
RESPONSEt 
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Figure 42 
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Figure 41 

VOLTAGE-FOLLOWER LARGE·SIGNAL 
PULSE RESPONSEt 

V~o=~V I 

RL=50kQ 
r-CL=100 pF 

Av=1 
TA = 25°C 

i 1\ 
J \ 

o 10 20 30 40 50 60 70 80 90 100 

t- Time -!1S 

Figure 43 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:j: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL· CHARACTERISTICS 
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INVERTING SMALL-SIGNAL 
PULSE RESPONSEt 
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AV=-1 
TA=25°C 

-( 

j 

10 20 30 
t-TIme-~ 

Figure 46 
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t For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 
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I 
VOO=5V 
f=0.1 Hzt010Hz 
TA=25°C 

,~ I~ .. 

'i f 
III , I~ 'IV\' \ ~I I 

~ J • ~ J~1 
-250 '6 z 

-500 

-750 

-1000 
0 2 4 6 

t-Time-s 

Figure 51 

I 

8 10 

t, For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 
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GAIN-BANDWIDTH PRODUCTt* 
vs 

FREE-AIR TEMPERATURE 
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Figure 55 

t For all curves where VOO = 5 V. all loads are referenced to 2.5 V. For all curves where VOO = 3 V. all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 
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t See application information 
Figure 59 

t For all curves where VDD = 5 V, all loads are referenced to 2,5 V, For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
:j: 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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APPLICATION INFORMATION 

driving large capacitive loads 

6-636 

The TLV2252 is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 51 
and Figure 52 illustrate its ability to drive loads up to 1000 pF while maintaining good gain and phase margins 
(Rnull = 0). 

A smaller series resistor (Rnull) at the output of the device (see Figure 59) improves the gain and phase margins 
when driving large capacitive loads. Figure 51 and Figure 52 show the effects of adding series resistances of 
10 n, 50 n, 100 n, 200 n, and 500 n. The addition of this seri.es resistor has two effects: the first is that it adds 
a zero to the transfer function and the second is that it reduces the frequency of the pole associated with the 
output load in the transfer function. 

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To 
calculate the improvement in phase margin, equation 1 can be used. 

A<I>m1 = tan-1 (2 x 1t x UGBW x Rnull x CL) 
where: 

A<I>m1 = improvement in phase margin 

UGBW unity-gain bandwidth frequency 

Rnull output series resistance 

C L load capacitance 

(1 ) 

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 53). To 
use equation 1, UGBW must be approximated from Figure 53. 

Using equation 1 alone overestimates the improvement in phase margin as illustrated in Figure 59. The 
overestimation is caused by the decrease in the frequency of the pole associated with the load, providing 
additional phase shift and reducing the overall improvement in phase margin. 

Using Figure 60, with equation 1 enables the designer to choose the appropriate output series resistance to 
optimize the design of circuits driving large capacitance loads. 

50kn 

Figure 60. Series-Resistance Circuit 
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APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in Figure 61 are generated using 
the TLV2252 typical electrical and operating characteristics at TA = 25°C. Using this information, output 
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers," IEEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 

DLN 
3 

VCC+ 

+ DLP + 
RP VLP 

2 
IN-

-=- -=-
IN+ 

5 
VCC-~~~--------~---r-r-e~.r~-----------------------. 

OUT 

.SUBCKT TLV225x 1 2 3 4 5 RD1 SO 11 37.23E3 
C1 11 12 S.3S9E-12 RD2 60 12 37.23E3 
C2 S 7 25.00E-12 R01 8 5 84 
DC 5 53 DX R02 7 99 84 
DE 54 5 DX RP 3 4 71.43E3 
DLP 90 91 DX RSS 10 99 84.52ES 
DLN 92 90 DX VAD 60 4 -.5 
DP 4 3 DX VB 9 0 DCO 
EGND 99 0 POLY (2) (3,0) (4,0) 0 .5 .5 
FB 7 99 POLY (5) VB vC VE VLP 
+ VLN 0 57.S2ES -60ES SOE6 SOES -60ES 

VC 3 53 DC .S05 
VE 54 4 DC .S05 
VUM 7 8 DCO 

GA S 0 11 122S.8SE-6 VLP 91 0 DC -0.235 
GCM 0 S 10 992.S8SE-9 VLN 0 92 DC 7.5 
ISS 3 10 DC3.1E-6 
HUM 90 0 VUM 1 K 
J1 11 2 10JX 

.MODEL DX D (lS=800.0E-18) 

.MODEL JX PJf' (IS=500.0E-15 BETA=139E-6 
+VTO~.05) 

J2 12 1 10JX .ENDS 
R2 S 9 100.0E3 

Figure 61. Boyle Macromodel and Subcircuit 

PSpice and Parts are trademarks of MicroSim Corporation. 
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• Output Swing Includes Both Supply Rails 

• Low Noise ..• 12 nVl-vHz Typ at f = 1 kHz 

• Low Input Bias Current •.. 1 pA Typ 

• Fully Specified for Both Single-Supply and 
Split-Supply Operation 

• Low Power ... 500 ~A Max 

description 

The TLV2262 and TLV2264 are dual and quad low 
voltage operational amplifiers from Texas Instru
ments. Both devices exhibit rail-to-rail output 
performance for increased dynamic range in 
single or split supply applications. The TLV226x 
family offers a compromise between the micro
power TLV225x and the ac performance of the 
TLC227x. It has low supply current for battery
powered applications, while still having adequate 
ac performance for applications that demand it. 
This family is fully characterized at 3 V and 5 V and 
is optimized for . low-voltage applications. The 
noise performance has been dramatically im
proved over previous generations of CMOS 
amplifiers. Figure 1 depicts the low level of noise 
voltage for this CMOS amplifier, which has only 
200 ~ (typ) of supply current per amplifier. 

The TLV226x, exhibiting high input impedance 
and low noise, are excellent for small-signal 
conditioning for high-impedance sources, such as 
piezoelectric transducers. Because of the micro
power dissipation levels combined with 3-V 
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TLV226x, TLV226xA, TLV226xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

OPERATIONAL AMPLIFIERS 

• Common-Mode Input Voltage Range 
Includes Negative Rail 

• Low Input Offset Voltage 
950 ~V Max at TA = 25°C (TLV226xA) 

• Wide Supply Voltage Range 
2.7Vto8V 

• Macromodellncluded 

4 

3.S 

3 

2.S 

2 

1.S 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

I. 
VOO=3V 

~-~ TA=-SSOC 

TA=12So~ ,,'" " TA=2SOC l I \ 
.!. 
TA = 85°C - l-J \ /' 

/ 
::c 

O.S 
TA=-40°C 

~ 

SOO 1000 1S00 2000 

1 IOH 1- High-Level Output Current - itA 

Figure 1 

operation, these devices work well in hand-held monitoring and remote-sensing applications. In addition, the 
rail-to-rail output feature with single or split supplies makes this family a great chOice when interfacing with 
analog-to-digital converters (ADCs). For precision applications, the TLV226xA family is available and has a 
maximum input offset voltage of 950 ~ V. 

The TLV226214 also makes great upgrades to the TLV233214 in standard designs. They offer increased output 
dynamic range, lower noise voltage and lower input offset voltage. This enhanced feature set allows them to 
be used in a wider range of applications. For applications that require higher output drive and wider input voltage 
range, see the TLV2432 and TLV2442 devices. If your design requires single amplifiers, please see the 
TLV2211/21/31 family. These devices are single rail-to-rail operational amplifiers in the SOT-23 package. Their 
small size and low power consumption, make them ideal for high density, battery-powered equipment. 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

~:~~C:OO:O~:1: s=~:~~i;;;::r::: ,c::~~~~ 
standard warranty. Production processing does not necessarily include 
testing of all parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright © 1997. Texas Instruments Incorporated 
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TLV2262 AVAILABLE OPTIONS 

PACKAGED DEVICES 

Vlomax 
TA SMALL CHIP CERAMIC PLASTIC 

AT 25°C OUTLINE CARRIER DIP DIP 
(D) (FK) (JG) (P) 

O°Cto 
2.5mV TLV2262CD TLV2262CP 

70°C 
- -

-40°C to 95Ol1V TLV2262AID - - TLV2262AIP 
85°C 2.5mV TLV22621D - - TLV2262IP 

-55°C to 950l1V '\ TLV2262AMFK TLV2262AMJG -
125°C 2.5mV -. TLV2262MFK TLV2262MJG -

TSSOP 
(PW) 

TLV2262CPWLE 

TLV2262AIPWLE 
-

-
-

t The 0 packages are available taped and reeled. Add R suffix to device type (e.g., TLV2262CDR). 
:t: The PW package is available only left-end taped and reeled. 
§ Chips are tested at 25°C. 

TLV2264 AVAILABLE OPTIONS 

PACKAGED DEVICES 

VIOmax 
TA 

SMALL CHIP CERAMIC PLASTIC 
TSSOP AT 25°C OUTLINE CARRIER DIP DIP 

(D) (FK) (J) (N) 
(PW) 

-40°C to 95Ol1V TLV2264AID - - TLV2264AIN TLV2264AIPWLE 
85°C 2.5mV TLV22641D - - TLV22641N -

-55°C to 95Ol1V - TLV2264AMFK TLV2264AMJ - -
125°C 2.5mV - TLV2264MFK TLV2264MJ - -

tThe 0 packages are available taped and reeled. Add R suffix to device type (e.g., TLV2262IDR). 
:t:The PW package is available only left-end taped and reeled. 
§ Chips are tested at 25°C. 
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CHIP 
CERAMIC FORM 

FLATPACK 
(U) 

(Y) 

-

- TLV2262Y 
-

TLV2262AMU 
TLV2262MU 

CHIP 
CERAMIC FORM 

FLATPACK 
(W) 

(Y) 

-
-

TLV2262Y 
TLV2264AMW 
TLV2264MW 



TLV2262C,TLV2262AC 
TLV22621, TLV2262AI 

D, P, OR PW PACKAGE 
(TOP VIEW) 

l1N- 2 7 20UT 

l1N+ 3 6 21N-

10UT(J8 VDD+ 

VDD_/GND 4 5 21N+ 

TLV2262M, TLV2262AM 
JGPACKAGE 
(TOP VIEW) 

10UT(J8 VDD+ 
l1N- 2 7 20UT 

l1N+ 3 6 21N-

VDDjGND 4 5 21N+ 

TLV2662M, TLV2262AM 
UPACKAGE 
(TOP VIEW) 

NC NC 
lOUT Vcc+ 
1IN - 8 20UT 

l1N+ 21N-

Vcc_/GND 21N+ 

TLV2262M, TLV2262AM 
FKPACKAGE 
(TOP VIEW) 

I- + :::l C 
~~ ~ $l~ 

NC 
3 2 1 2019 

NC 4 18 
l1N- 5 17 20UT 

NC 6 16 NC 

l1N+ 7 15 21N-

NC 8 14 NC 
9 1011 1213 

oco~o 
z~ Z Cij Z 

I C 
~ 
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TLV22641, TLV2264AI 
D, N, OR PW PACKAGE 

(TOP VIEW) 

lOUT 1 40UT 
l1N- 41N-

l1N+ 41N+ 

VDD+ 4 11 VDD_/GND 
21N+ 31N+ 
21N- 31N-

20UT 7 8 30UT 

TLV2264M,TLV2264AM 
J OR W PACKAGE 

(TOP VIEW) 

lOUT 1 

VDD+ 
21N+ 
21N- 6 

40UT 
41N-

41N+ 

VDD_/GND 
31N+ 

9 31N-

20UT 7 

l1N+ 

NC 

Vcc+ 
NC 

21N+ 
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FKPACKAGE 
(TOP VIEW) 

4 
5 

6 

II- I- I 
z:::lo:::lz 
;::~z~~ 

3 2 1 2019 
18 
17 

16 
7. 15 

8 14 
9 10 11 12 13 

II-Ot- I 
z:::lZ:::lz 
-0 0-
NN C')C') 
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41N+ 

NC 

Vcc_/GND 
NC 

31N+ 
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TLV2262Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV2262. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

-:: 67 

6-642 

BONDING PAD ASSIGNMENTS 

I" 56 
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11N+ (3) 

11N- (2) 

20UT 

10UT 

21N+ 

(6) 21N-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax,= 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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TLV2264Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV2264. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

~14---------------------109 --------------------~.I 
11111'1111111'111'1'11111111111'1111111'1'111'11111'11111'111'1'1'1'1'1'111'11111'1111111111111'111111111'1'II 
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CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (11) IS INTERNALLY CONNECTED 
TO BACKSIDE OF THE CHIP. 
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* 
I equivalent schematic (each amplifier) r°l> ..... ~"tJ c. !< 

"'" VOO+ 
~m< I\) 
8l:a Q) I\) 
1):oo::J ril-." ~ ",_CD _ 

Q3 Qsl I Q9 Q12 I I Q14 Q1s1 
:DOc. ..... 

lC:zr-~. _.!< 
-< l>::J I\) 
;or-o I\) 
!!ll>5:e» 
5:0~ "tJ (1)_ 

C~ ..... 

IN+ RS ~ 1 :!!:x.!< 
If I ml>1\) :a-I\) 

OUT (l)r-e» 
'>< 

IN--r.....J ~ ~r R5 f J L Q 
d< 

(3 I I. I ~ ~ ~ 104 II .. • ~d 

~-'" ~2 !So 

~~~ 
it:~ . i: I I?a~Q~ I LJQ~ fa~Q~ fo~ 

1 01 §:m 
~~ ~ I I >R3 R4> R1 <' <' R2 

~ 
I 

VOO-/GNO 

ACTUAL DEVICE COMPONENT COUNTf 

COMPONENT TLV2252 TLV2254 

Transistors 38 76 

Resistors 28 54 

Diodes 9 18 

Capacitors 3 6 
------

t Includes both amplifiers and all ESD, bias, and trim circuitry 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Voo (see Note 1) ............................................................ 8 V 
Differential input voltage, VIO (see Note 2) .................................................. ±Voo 
Input voltage range, VI (any input, see Note 1) ................................. Voo_-0.3 V to Voo+ 
Input current, II (each input) .............................................................. ±5 mA 
Output current, 10 ...................................................................... ±50 mA 
Total current into VOO+ ................................................................. ±50 mA 
Total current out of Voo- ............................................................... ±50 mA 
Duration of short-circuit current (at or below) 25°C (see Note 3) ............................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: I suffix .................................... -40°C to 85°C 

M suffix ................................. -55°C to 125°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P, and PW packages ....... 260°C 

FK, J, JG, U, AND W packages .. 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 VOO _. 

2. Oifferential voltages are at the noninverting input with respect to the inverting input. Excessive current flows when input is brought 
below VOO- - 0.3 V. 

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 = 85°C 
POWER RATING ABOVE TA = 25°C POWER RATING 

0-8 725mW 5.8mW/oC 377mW 

0-14 950mW 7.6 mW/oC 494mW 

FK 1375mW 11.0mW/oC 715mW 

J 1375mW 11.0mW/oC 715mW 

JG 1050mW 8.4mW/oC 

N 1150mW 9.2mW/oC 598mW 

P 1000mW 8.0mW/oC 520mW 

PW-8 525mW 4.2mW/oC 273mW 

PW-14 700mW 5.6mW/oC 364mW 

U 700mW 5.5mW/oC 

W 700mW 5.5mW/oC 370mW 

recommended operating conditions 

I SUFFIX 

MIN MAX 

Supply voltage, VDO± (see Note 1) 2.7 8 

Input voltage range, VI VOO- VOO+-1.3 

Common-mode input voltage, VIC VOO- VOO+-1.3 

Operating free-air temperature, TA -40 85 

NOTE 1: All voltage values, except differential voltages, are With respect to VOO _. 

~TEXAS 
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TA = 125°C 
POWER RATING 

145mW 

275mW 

275mW 

210mW 

200mW 

105mW 

150mW 

150mW 

MSUFFIX 
UNIT 

MIN MAX 

2.7 8 V 

vOo- VOO+-1.3 V 

VOO- VOO+-1.3 V 

-55 125 °C 

6-645 
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TLV22621 electrical characteristics at specified fr"-air temperature, Voo = 3 V (unless otherwise 
noted) 

TAt 
TLV22621 TLV2262AI 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

VIO I nput offset voltage 
25°C 300 2500 300 950 

!lV 
Full range 3000 1500 

Temperature coefficient 25°C 
2 2 !lV/DC aVIO of input offset voltage toS5°C 

Input offset voltage 
VDD± = ±1.5 V, VIC=O, long-term drift 25°C 0.003 0.003 !lV/mo 

(see Note 4) VO=O, RS=500 

110 Input offset current 
25°C 0.5 0.5 

pA 
Full range 150 150 

liB 
25°C 1 1 

Input bias current 
Full range 150 150 

pA 

0 -0.3 0 -0.3 
25°C to to to to 

Common-mode input 2 2.2 2 2.2 
VICR voltage range 

RS=500, IV101,;;5mV V 
0 0 

Full range to to 
1.7 1.7 

10H =-20 IlA 25°C 2.99 2.99 

10H = -100 IlA 
25°C 2.S5 2.S5 

VOH 
High-level output 

Full range 2.S25 2.S25 V voltage 

10H = -400 IlA 
25°C 2.7 2.7 

Full range 2.65 2.65 

VIC = 1.5 V, 10L= 501lA 25°C 10 10 

VIC = 1.5 V, 10L = 500 IlA 
25°C 100 100 

VOL 
Low-level output 

Full range 150 150 mV voltage 

VIC = 1.5 V, 10L= 1 mA 
25°C 200 200 

Full range 300 300 

RL=50kQ:I: 
25°C 60 100 60 100 

AVD 
Large-signal differential VIC = 1.5 V, Full range 30 30 V/mV 
voltage amplification VO= 1 Vt02V 

RL= 1 MO:l: 25°C 100 100 

TJ(d) 
Differential input 

25°C 1012 1012 0 
resistance 

Tj(c) 
Common-mode input 

25°C 1012 1012 0 
resistance 

Ci(c) 
Common-mode input 

1= 10kHz, P package 25°C S S pF 
capacitance 

zo 
Closed-loop output 

f = 100 kHz, AV=10 25°C 270 270 0 
impedance I 

CMRR 
Common-mode VIC =Oto 1.7V, 25°C 65 75 65 77 

dB 
rejection ratio VO=1.5V, RS=500 Full range 60 60 

kSVR 
Supply voltage rejection VDD = 2.7 V to S V, 25°C SO 95 SO 100 

dB 
ratio (aVDoIaVIO) VIC=VDD/2, No load Full range SO SO 

IDD Supply current VO=1.5V, No load 
25°C 400 500 400 500 

IlA 
Full range 500 500 

Full ran e is - 40°C to S5°C. g 
:I: Referenced to 1.5 V 
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours 01 operating life test at TA = 150°C extrapolated 

6-646 

to TA = 25°C using the Arrhenius equation and assuming an activation energy 01 0.96 eV. 
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TLV22621 operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER 

SR Slew rate at unity gain 

Equivalent input noise 
Vn voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input noise 
current 

Total harmonic 
THD+N 

distortion plus noise 

Gain-bandwidth 
product 

Maximum 

BOM output-swing 
bandwidth 

ts Settling time 

<l>m 
Phase margin at 
unity gain 

Gain margin 

t Full range IS - 40°C to 85°C. 
:j: Referenced to 1.5 V 

TEST CONDITIONS TAt 

25°C 
VO= 1.1 Vto 1.9V, RL=50kO;, 

Full CL = 100 pF'1: 
range 

f= 10 Hz 25°C 

f= 1 kHz 25°C 

f = 0.1 Hz to 1 Hz 25°C 

f=0.1 Hz to 10Hz 25°C 

25°C 

Vo = 0.5 V to 2.5 V, AV=1 
f=20 kHz, 25°C 
RL=50kO:j: AV=10 

f= 1 kHz, RL=50kat, 
25°C 

CL = 100 pF:j: 

VO(PP) = 1 V, AV=1, 
25°C 

RL=50 ka:j:, CL = 100 pR 

AV=-1, To 0.1% 
Step = 1 Vt02V, 

25°C 
RL=50ka:j:, 
CL = 100 pR 

To 0.01% 

RL=50 kat, CL = 100 pR 
25°C 

25°C 

~TEXAS 
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MIN TYP 

0.35. 0.55 

0.3 

43 

12 

0.6 

1 

0.6 

0.03% 

0.05% 

0.67 

395 

5.6 

12.5 

55° 
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TLV2262AI 
UNIT 

MAX MIN TYP MAX 

0.35 0.55 

0.3 
V/flS 

43 

12 
nV/;!Hz 

0.6 
flY 

1 

0.6 fA/vHz 

0.03% 

0.05% 

0.67 MHz 

395 kHz 

5.6 

flS 
12.5 

55° 

11 dB 
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TLV22621 electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO I nput offset voltage 

aVIO 
Temperature coefficient 
of input offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH High-level output vqltage 

VOL Low-level output voltage 

AVD 
Large-signal differential 
voltage amplification 

rj(d) 
Differential input 
resistance 

rj(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

Common-mode rejection 
CMRR ratio 

Supply voltage rejection 
kSVR ratio (,WDD/LlVIO) , 

IDD Supply current 

t Full range is - 40°C to 85°C. 
:!: Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°(: 
to 85°C 

VDD± = ±2.5 V, VIC=O, 
25°C 

VO=O, RS=50n 

25°C 

Full range 

25°C 

Full range 

25°C 

IVIOI :55mV, RS=50n 

Full range 

IOH=-20~ 25°C 

25°C 
10H =-100~ 

Full range 

25°C 
IOH=-400~ 

Full range 

VIC=2.5V, 10L= 50~ 25°C 

VIC=2.5V, IOL= 500~ 
25°C 

Full range 

25°C 
VIC=2.5V, IOL= 1 rnA 

Full range 

RL=50kn:!: 
25°C 

VIC=2.5V, 
Full range 

VO= 1 Vt04V 
RL= 1 Mn:!: 25°C 

25°C 

25°C 

f=10kHz, P package 25°C 

f = 100 kHz, AV=10 25°C 

VIC = 0 to 2.7 V, 25°C 
Va = 2.5 V, RS=50n Full range 

VDD = 4.4 V to 8 V, 25°C 
VIC=VDD/2, No load Full range 

25°C 
VO=2.5V, No load 

Full range 

TLV22621 TLV2262AI 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2500 300 950 

3000 1500 
IN 

2 2 flV/oC 

0.003 0.003 flV/mo 

0.5 0.5 

150 150 
pA 

1 1 

150 150 
pA 

0 -0.3 0 -0.3 
to to to to 
4 4.2 4 4.2 

V 
0 0 

to to 
3.5 3.5 

4.99 4.99 

4.85 4.94 4.85 4.94 

4.82 4.82 V 

4.7 4.85 4.7 4.85 

4.6 4.6 

0.01 0.01 

0.09 0.15 0.09 0.15 

0.15 0.15 V 

0.2 0.3 0.2 0.3 

0.3 0.3 

80 170 80 170 

55 55 V/mV 

550 550 

1012 1012 n 

1012 1012 n 

8 8 pF 

240 240 n 

70 83 70 83 
dB 

70 70 

80 95 80 95 
dB 

80 80 

400 500 400 500 
~ 

500 500 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV22621 operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn noise voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

BaM 
Maximum output-
swing bandwidth 

ts Settling time 

4lm 
Phase margin at 
unity gain 

Gain margin 

t Full range is - 40°C to 85°C. 
:t: Relerenced to 2.5 V 

TEST CONDITIONS TAt 

VO= 1.5 Vto 3.5 V, 
CL = 100 pF:t: 

1= 10 Hz 

1= 1 kHz 

1 = 0.1 Hz to 1 Hz 

1 = 0.1 Hz to 10Hz 

Va = 0.5 V to 2.5 V, 
1=20 kHz, 
RL=50 kn:t: 

1=50 kHz, 
CL = 100 pF:t: 

VO(PP) =2V, 
RL=50 kn:t:, 

AV=-l, 
Step = 0.5 V to 2.5 V, 
RL=50 kn:t:, 
CL= 100 pF:t: 

RL = 50 kn:J:, 

MIN 

25°C 0.35 
RL=50kn+, 

Full 
0.3 

range 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=l 
25°C 

AV= 10 

RL = 50 kn:J:, 
25°C 

AV=I, 
25°C 

CL = 100 prt 

To 0.1% 

25°C 

To 0.01% 

CL = 100 prt 
25°C 

25°C 
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TYP 

0.55 

40 

12 

0.7 

1.3 

0.6 

0.017% 

0.03% 

0.71 

185 

6.4 

14.1 

56° 
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TLV2262AI 
UNIT 

MAX MIN TYP MAX 

0.35 0.55 

0.3 
V/IJ.S 

40 

12 
nV/'I'HZ 

0.7 
jlV 

1.3 

0.6 IA/'I'HZ 

0.017% 

0.03% 

0.71 MHz 

185 kHz 

6.4 

IJ.S 
14.1 

56° 

11 dB 
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TLV22641 electrical characteristics at specified free-air temperature, VDD = 3 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
(XVIO of input offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage 

VOL Low-level output voltage 

AVO 
Large-signal differential 
voltage amplification 

rj(d) 
Oifferential input 
resistance 

rj(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

Zo 
Closed-loop output 
impedance 

Common-mode 
CMRR rejection ratio 

kSVR 
Supply voltage rejection 
ratio (.1VOO/.1VIO) 

100 
Supply current 
(four amplifiers) 

t Full range IS - 40°C to 85°C. 
:j: Referenced to 1.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 85°C 

VOO± = ±1.5 V, 
VIC=O, 25°C 
VO=O, 
RS=50n 

25°C 

Full range 

25°C 

Full range 

25°C 

RS=50n, IVlol :S:5mV 

Full range 

IOH=-20!LA 25°C 

25°C 
10H = -100 !LA 

Full range 

25°C 
10H = -400 !LA 

Full range 

VIC = 1.5 V, 10L = 50 !LA 25°C 

25°C 
VIC = 1.5 V, 10L = 500 !LA 

Full range 

25°C 
VIC = 1.5 V, 10L= 1 mA 

Full range 

RL=50kQ:j: 
25°C 

VIC= 1.5 V, Full range 
VO= 1 t02V 

RL=1 Mn:j: 25°C 

25°C 

25°C 

f= 10kHz, N package 25°C 

f = 100 kHz, AV=10 25°C 

VIC = 0 to 1.7 V, 25°C 

VO= 1.5 V, RS=50n Full range 

VOO= 2.7Vt08V, 25°C 

VIC=VOO/2, No load t"ullrange 

VO= 1.5V, No load 
25°C 

Full range 

TLV22641 TLV2264AI 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2500 300 950 

3000 1500 ILV 

2 2 ILV/oC 

0.003 0.003 ILV/mo 

0.5 0.5 

150 150 
pA 

1 1 

150 150 
pA 

0 -0.3 0 -0.3 
to to to to 
2 2.2 2 2.2 

V 
0 0 

to to 
1.7 1.7 

2.99 2.99 

2.85 2.85 

2.825 2.825 V 

2.7 2.7 

2.65 2.65 

10 10 

100 100 

150 150 mV 

200 200 

300 300 

60 100 60 100 

30 30 V/mV 

100 100 

1012 1012 n 

1012 1012 n 

8 8 pF 

270 270 n 

65 75 65 77 

60 60 
dB 

80 95 80 100 
dB 

tlU tlU 

0.8 1 0.8 1 
mA 

1 1 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV22641 operating characteristics at specified free-air temperature, VOO = 3 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn noise voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

Maximum 

BaM output-swing 
bandwidth 

ts Settling time 

<l>m 
Phase margin at 
unity gain 

Gain margin 

t Full range IS - 40°C to 85°C. 
:j: Relerenced to 1.5 V 

TEST CONDITIONS TAt 

VO=0.7Vtol.7V, 
CL = 100 pF:!: 

1= 10Hz 

1= 1 kHz 

1=0.1 Hz to 1 Hz 

1=0.1 Hztol0Hz 

Va = 0.5 V to 2.5 V, 
1=20 kHz, 
RL=50kQ:j: 

1= 1 kHz, 
CL = 100 pF:j: 

VO(PP)= 1 V, 
RL=50kQ:j:, 

AV=-I, 
Step=IVt02V, 
RL=50kQ:j:, 
CL = 100 pF:j: 

RL=50kQ:j:, 

MIN 

RL=50 kQ:!:, 
25°C 0.35 

Full 
0.3 

range 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=1 
25°C 

AV=10 

RL=50 kQ:j:, 
25°C 

Av=l, 
25°C 

CL = 100 pF:!: 

To 0.1% 

25°C 
To 0.01% 

CL= 100pF:j: 
25°C 

25°C 

"!11 TEXAS 
INSTRUMENTS 

TLV22641 

TYP 

0.55 

43 

12 

0.6 

1 

0.6 

0.03% 

0.05% 

0.67 

395 

5.6 

12.5 

55° 
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TLV2264AI 
UNIT 

MAX MIN TYP MAX 

0.35 0.55 

V/1lS 
0.3 

43 

12 
nV/,fHz 

0.6 
ILV 

1 

0.6 IA/..JHz 

0.03% 

0.05% 

0.67 MHz 

395 kHz 

5.6 

ILs 
12.5 

55° 

11 dB 
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TLV22641 electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER 

Via Input offset voltage 

Temperature coeffiCient 
aVIO of input offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage 

Val 
low-level output 
voltage 

AVO 
Large-signal differential 
voltage amplification 

q(d) 
Oifferential input 
resistance 

q(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

Common-mode rejection 
CMRR ratio 

Supply voltage rejection 
kSVR ratio ("VOO/"VIO) 

100 
Supply current 
(four amplifiers) 

t Full range IS - 40°C to 85°C. 
t Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 85°C 

Voo± = ±2.5 V, 
VIC=O, 

25°C 
VO=O, 
RS=500 

25°C 

Full range 

25°C 

Full range 

25°C 

IVIOI ::;;5mV, RS=500 

Full range 

10H =-20 I1A 25°C 

25°C 
10H = -100 I1A 

Full range 

25°C 
10H = -400 I1A 

Full range 

VIC=2.5V, 10l = 50 I1A 25°C 

25°C 
VIC =2.5 V, 10l = 500 I1A 

Full range 

25°C 
VIC=2.5V, 10l= 1 mA 

Full range 

Rl=50 1<0* 25°C 
VIC=2.5V, Full range 
VO=1 Vt04V 

Rl=1 MOt 25°C 

25°C 

25°C 

f= 10kHz, N package 25°C 

f = 100 kHz, AV= 10 25°C 

VIC=Ot02.7V, VO=2.5V, 25°C 

RS=500 Full range 

VOO = 4.4 Vto 8 V, 25°C 

VIC=VOO/2, No load Full range 

VO=2.5V, No load 
25°C 

Full range 

TLV22641 TLV2264AI 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2500 300 950 

3000 1500 I1V 

2 2 I1V/oC 

0.003 0.003 I1V/mo 

0.5 0.5 

150 150 
pA 

1 1 

150 150 
pA 

0 -0.3 0 -0.3 
to to to to 
4 4.2 4 4.2 

V 
0 0 

to to 
3.5 3.5 

4.99 4.99 

4.85 4.94 4.85 4.94 

4.82 4.82 V 

4.7 4.85 4.7 4.85 

4.6 4.6 

0.01 0.01 

0.09 0.15 0.09 0.15 

0.15 0.15 V 

0.2 0.3 0.2 0.3 

0.3 0.3 

80 170 80 170 

55 55 V/mV 

550 550 

1012 1012 0 

1012 1012 0 

8 8 pF 

240 240 0 

70 B3 70 83 

70 70 
dB 

80 95 80 95 

80 80 
dB 

0.8 1 0.8 1 
mA 

1 1 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV226x, TLV226xA, TLV226xY 
Advanced LinCMOSTM RAIL·TO·RAIL 

OPERATIONAL AMPLIFIERS 
SLOS186 - FEBRUARY 1997 

TLV22641 operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn noise voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

BOM 
Maximum output-
swing bandwidth 

ts Settling time 

<Pm 
Phase margin at 
unity gain 

Gain margin 

t Full range is - 40°C to 85°C. 
+ Referenced to 2.5 V 

TEST CONDITIONS TAt 

Vo = 1.4 V to 2.6 V, 
CL = 100 pF+ 

f= 10Hz 

f= 1 kHz 

f = 0.1 Hz to 1 Hz 

f= 0.1 Hz to 10 Hz 

Vo = 0.5 V to 2.5 V, 
f = 20 kHz, 
RL=50kQ+ 

f= 50 kHz, 
CL = 100 pF+ 

VO(PP) =2V, 
RL=50 kQ+, 

AV=-1, 
Step = 0.5 V to 2.5 V, 
RL=50 kQ+, 
CL = 100 pF+ 

RL=50kQ+, 

MIN 

RL=50kQ+, 
25°C 0.35 

Full 
0.3 

range 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=1 
25°C 

AV= 10 

RL=50kQ+, 
25°C 

AV=I, 
25°C 

CL = 100 pF+ 

To 0.1% 

25°C 

To 0.01% 

CL= 100 pF+ 
25°C 

25°C 

~TEXAS 
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TLV22641 

TYP 

0.55 

40 

12 

0.7 

1.3 

0.6 

0.017% 

0.03% 

0.71 

185 

6.4 

14.1 

56° 

11 
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TLV2264AI 
UNIT 

MAX MIN TYP MAX 

0.35 0.55 

0.3 
V/JlS 

40 
nVNHz 

12 

0.7 
JlV 

1.3 

0.6 fA/1Hz 

0.017% 

0.03% 

0.71 MHz 

185 kHz 

6.4 I 

JlS 
14.1 

56° 

11 dB 
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TLV226x, TLV226xA, TLV226xY 
Advanced LinCMOSTM RAIL .. TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS186 - FEBRUARY 1997 

TLV2262M electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise 
noted) 

TAt 
TLV2262M TLV2262AM 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage 
25°C 300 2500 300 950 

flV 
Full range 3000 1500 

Temperature coefficient 25°C 
2 2 flV/oC (lVIO of input offset voltage to 125°C 

Input offset voltage 
VOD±=±1.5V, VIC=O, long-term drift 25°C 0.003 0.003 flV/mo 

(see Note 4) VO=O, RS=50n 

110 Input offset current 
25°C 0.5 0.5 

pA 
125°C 500 500 

liB Input bias current 
25°C 1 1 

pA 
125°C 500 500 

0 -0.3 0 -0.3 
25°C to to to to 

Common-mode input 2 2.2 2 2.2 
VICR Rs=50n, IV101,,5mV V 

voltage range 0 0 
Full range to to 

1.7 1.7 

10H =-20 flA 25°C 2.99 2.99 

10H = -100 flA 
25°C 2.S5 2.S5 

VOH 
High-level output 

Full range 2.S2 2.S2 V voltage 

10H = -400 flA 
25°C 2.7 2.7 

Full range 2.55 2.55 

VIC = 1.5 V, 10L= 50 flA 25°C 10 10 

VIC = 1.5 V, 10L= 500 flA 
25°C 100 150 100 150 

VOL 
Low-level output 

Full range 165 165 mV voltage 
25°C 200 300 200 """ VIC = 1.5 V, 10L= 1 rnA 

,",uu 

Full range 300 300 

RL = 50 kn:f: 
25°C 60 100 60 100 

AVO 
Large-signal differential VIC= 1.5V, Full range 25 25 V/mV 
voltage amplification VO= 1 Vt02V 

RL= 1 Mn:f: 25°C 100 100 

rj(d) 
Differential input 

25°C 1012 1012 n 
resistance 

fi(c) 
Common-mode input 

25°C 1012 1012 n 
resistance 

Ci(c) 
Common-mode input 

f=10kHz, P package 25°C S S pF 
capacitance 

Zo 
Closed-loop output 

f = 100 kHz, AV= 10 25°C 270 270 n 
impedance 

CMRR 
Common-mode VIC =Oto 1.7V, 25°C 65 75 65 77 

dB 
rejection ratio VO=1.5V, RS=50n Full range 60 60 

ksVR 
Supply voltage rejection VOO= 2.7VtoSV, 25°C SO 95 80 100 

dB 
ratio (llVOO/llVIO) VIC=VOD/2, No load Full range SO SO 

100 Supply current VO=1.5V, No load 
25°C 400 500 400 500 

flA 
Full range 500 500 

Full ran e is - 55°C to 125°C. g 
:f: Referenced to 1.5 V 
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test atT A = 150°C extrapolated 
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TLV226x, TLV226xA, TLV226xY 
Advanced LinCMOSTM RAIL-TO-RAIL 

OPERATIONAL AMPLIFIERS 
SLOS186 - FEBRUARY 1997 

TLV2262M operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER 

SR Slew rate at unity gain 

Equivalent input noise 
Vn voltage 

Peak-to-peak 

VN(PP) equivalent input noise 
voltage 

In 
Equivalent input noise 
current 

Total harmonic 
THD+N 

distortion plus noise 

Gain-bandwidth 
product 

Maximum 

BOM output-swing 
bandwidth 

ts Settling time 

<i>m 
Phase margin at unity 
gain 

Gain margin 

t Full range IS - 55°C to 125°C. 
:I: Relerenced to 1.5 V 

TEST CONDITIONS TAt 

25°C 
VO=0.5Vt01.7V, RL=50kQ:t:, 

Full CL= 100 pF:I: 
range 

1= 10 Hz 25°C 

1= 1 kHz 25°C 

1 = 0.1 Hz to 1 Hz 25°C 

1=0.1 Hz to 10Hz 25°C 

25°C 

Vo = 0.5 V to 2.5 V, AV= 1 
1= 20 kHz, 25°C 
RL=50kQ:I: AV= 10 

1= 1 kHz, RL=50kQ:t:, 
25°C 

CL= 100 pF:I: 

VO(PP) = 1 V, AV= 1, 
25°C 

RL=50 kQ:I:, CL = 100 pF:I: 

AV=-1, To 0.1% 
Step = 1 Vt02V, 

25°C 
RL=50kQ:I:, 
CL = 100 pF:I: To 0.01% 

RL=50 kQ:t:, CL = 100 pF:t: 
25°C 

25°C 
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MIN TYP 

0.35 0.55 

0.25 

43 

12 

0.6 

1 

0.6 

0.03% 

0.05% 

0.67 

395 

5.6 

12.5 

55° 

11 
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TLV2262AM 
UNIT 

MAX MIN TYP MAX 

0.35 0.55 

V/Jls 
0.25 

43 

12 
nV/'I'Hz 

0.6 
JlV 

1 

0.6 IA/'I'Hz 

0.03% 

0.05% 

0.67 MHz 

395 kHz 

5.6 

JlS 
12.5 

55° 

11 dB 
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TLV226x, TLV226xA, TLV226xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS186 - FEBRUARY 1997 

TLV2262M electrical characteristics at specified free-air temperature, Voo = 5 V (unl~ss otherwise 
noted) 

TAt 
TLV2262M TLV2262AM 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 300 2500 300 950 
VIO Input offset voltage 

Full range 3000 1500 
IlV 

Temperature coefficient of 25°C 
2 2 IlV/oC aVIO input offset voltage to 125°C 

Input offset voltage VOO± = ±2.5 V, VIC=O, 25°C 0.003 0.003 IlV/mo long-term drift (see Note 4) VO=O, RS=500 

25°C 0.5 0.5 
110 Input offset current 

125°C 500 500 
pA 

25°C 1 1 
liB Input bias current 

125°C 500 500 
pA 

0 -0.3 0 -0.3 
25°C to to to to 

Common-mode input 4 4.2 4 4.2 
VICR IVIol :S;5mV, RS=500 V voltage range 0 0 

Full range to to 
3.5 3.5 

IOH =-20 I1A 25°C 4.99 4.99 

25°C 4.85 4.94 4.85 4.94 

VOH High-level output voltage 
IOH = -100 I1A 

Full range 4.82 4.82 V 

25°C 4.7 4.85 4.7 4.85 
IOH=-4OO IlA 

Full range 4.5 4.5 

VIC=2.5V, IOL = 50 I1A 25°C 0.Q1 0.01 

25°C 0.09 0.15 0.09 0.15 

VOL Low-level output voltage 
VIC=2.5V, IOL = 500 I1A 

Full range 0.15 0.15 V 

25°C 0.2 0.3 0.2 0.3 
VIC =2.5 V, IOL= 1 rnA 

Full range 0.3 0.3 

RL=50k.Q:j: 
25°C 80 170 80 170 

AVO 
Large-signal differential VIC=2.5V, Full range 50 50 V/mV 
voltage amplification VO=l Vt04V 

RL= 1 MO:j: 25°C 550 550 

ri(d) Oifferential input resistance 25°C 1012 1012 0 

ri(c) 
Common-mode input 

25°C 1012 1012 0 
resistance 

Ci(c) 
Common-mode input 

f= 10 kHz, P package 25°C 8 8 pF 
capacitance 

zo 
Closed-loop output 

f = 100 kHz, AV= 10 25°C 240 240 0 
impedance 

Common-mode rejection VIC = 0 to 2.7 V, 25°C 70 83 70 83 
CMRR ratio VO=2.5V, RS=500 

dB 
Full range 70 70 

Supply voltage rejection VOO =4.4 Vto 8 V, 25°C 80 95 80 95 
kSVR ratio (.1VOO/.1VIO) VIC = VOO/2, No load dB 

Full range 80 80 

25°C 400 500 400 500 
100 Supply current VO=2.5V, No load 

Full range 500 500 
I1A 

Full ran e is - 55°C to 125°C. g 
:j: Referenced to 2.5 V 
NOTE 4: Typical values are based on the input offset voltage shift observed through SOO hours of operating fife 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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TLV226x, TLV226xA, TLV226xV 
Advanced LinCMOSTM RAIL-TO-RAIL 

OPERATIONAL AMPLIFIERS 
SLOSl 86 - FEBRUARY 1997 

TLV2262M operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn 

noise voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

Maximum 

BOM output-swing 
bandwidth 

ts Settling time 

<l>m 
Phase margin at 
unity gain 

Gain margin 

t Full range IS - 55°C to 125°C. 
:I: Relerenced to 2.5 V 

TEST CONDITIONS TAt 

Vo =0.5 V to 3.5 V, 
CL= 100pF:t: 

1 = 10 Hz 

1= 1 kHz 

1=0.1 Hz to 1 Hz 

1 = 0.1 Hz to 1'0 Hz 

Vo =0.5 Vt02.5 V, 
1=20 kHz, 
RL=50kQ:t: 

1= 50 kHz, 
CL = 100 pF:I: 

VO(pp)=2V, 
RL=50kn:l:, 

AV=-l, 
Step = 0.5 V to 2.5 V, 
RL=50kQ:I:, 
CL= 100pF:I: 

RL=50kQ:t:, 

MIN 

25°C 0.35 
RL=50 kQ:t: 

Full 
0.25 

range 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=l 
25°C 

AV= 10 

RL=50 kn:t:, 
25°C 

AV=l, 
25°C 

CL=100pF:f: 

To 0.1% 

25°C 
To 0.01% 

CL=100pF:f: 
25°C 

25°C 
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TYP 

0.55 

40 

12 

0.7 

1.3 

0.6 

0.017% 

0.03% 

0.71 

185 

6.4 

14.1 

56° 
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TLV2262AM 
UNIT 

MAX MIN TYP MAX 

0.35 0.55 

0.25 
V/JLS 

40 
nVN'RZ 

12 

0.7 
I!V 

1.3 

0.6 IA/-JRZ 

0.017% 

0.03% 

0.71 MHz 

185 kHz 

6.4 

I!s 
14.1 

56° 

11 dB 
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TLV226x, TLV226xA, TLV226xV 
Advanced LinCMOSTM RAIL· TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS186 - FEBRUARY 1997 

TLV2264M electri.cal characteristics at specified free-air temperature, Voo = 3 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
«VIO of input offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage 

VOL 
low-level output 
voltage 

AVO 
Large-signal differential 
voltage amplification 

fi(d) 
Oifferential input 
resistance 

fi(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

Common-mode rejection 
CMRR ratio 

Supply voltage rejection 
kSVR ratio (Ll.VOO/Ll.VIO) 

100 
Supply current (four 
amplifiers) 

t Full range is - 55°C to 125°C. 
:!: Referenced to 1.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 125°C 

Voo±= ±1.5 V, 
VIC=O, 25°C 
VO=O, 
RS=500 

25°C 

125°C 

25°C 

125°C 

25°C 

RS=500, IVIOI :;:;5mV 

Full range 

10H = -20 J.lA 25°C 

25°C 
10H = -100 J.lA 

Full range 

25°C 
10H = - 400 J.lA 

Full range 

VIC = 1.5 V, 10l = 50 J.lA 25°C 

25°C 
VIC = 1.5 V, 10l = 500 J.lA 

Full range 

25°C 
VIC= 1.5V, 10l= 1 mA 

Full range 

Rl=50kO:!: 
25°C 

VIC= 1.5V, Full range 
VO=1 Vt02V 

Rl= 1 MO:!: 25°C 

25°C 

25°C 

f= 10 kHz, N package 25°C 

f = 100 kHz, AV= 10 25°C 

VIC = 0 to 1.7 V, VO= 1.5V, 25°C 
RS=500 Full range 

VOO= 2.7Vt08V, 25°C 

VIC=VOO/2, No load Full range 

VO=I.5V, No load 
25°C 

Full range 

TlV2264M TlV2264AM 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2500 300 950 

3000 1500 
IlV 

2 2 IlV/oC 

0.003 0.003 IlV/mo 

0.5 0.5 

500 500 
pA 

1 1 

500 500 
pA 

0 -0.3 0 -0.3 
to to to to 
2 2.2 2 2.2 

V 
0 0 

to to 
1.7 1.7 

2.99 2.99 

2.85 .2.85 

2.82 2.82 V 

2.7 2.7 

2.6 2.6 

10 10 

100 150 100 150 

150 150 mV 

200 300 200 300 

300 300 

60 100 60 100 

25 25 V/mV 

100 100 

1012 1012 0 

1012 1012 0 

8 8 pF 

270 270 0 

65 75 65 77 

60 60 
dB 

80 95 80 100 

80 80 
dB 

0.8 1 0.8 1 
mA 

1 1 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV226x, TLV226xA, TLV226xV 
Advanced LinCMOSTM RAIL-TO-RAIL 

OPERATIONAL AMPLIFIERS 
SLOS186 - FEBRUARY 1997 

TLV2264M operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn 

noise voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

BOM 
Maximum output-
swing bandwidth 

ts Settling time 

<\1m 
Phase margin at 
unity gain 

Gain margin 

t Full range is - 55°C to 125°C. 
t Referenced to 1.5 V 

TEST CONDITIONS TAt 

Vo = 0.5 Vto 1.7 V, 
CL= 100 pFt: 

f= 10Hz 

f= 1 kHz 

f=O.IHztolHz 

f= 0.1 Hz to 10 Hz 

VO= 0.5 Vt02.5 V, 
f= 20 kHz, 
RL = 50 k.Qt: 

f= 1 kHz, 
CL = 100 pFt: 

VO(PP) = 1 V, 
RL = 50 k.Qt:, 

AV=-I, 
Step = 1 Vt02V, 
RL = 50 k.Qt, 
CL= 100pFt 

RL = 50 k.Qt:, 

MIN 

RL = 50 k.Qt:, 
25°C 0.35 

Full 
0.25 

range 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=1 
25°C 

AV=10 

RL = 50 k.Qt:, 
25°C 

AV=I, 
25°C 

CL = 100 pFt: 

To 0.1% 

25°C 
To 0.01% 

CL = 100 pFt: 
25°C 

25°C 
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TYP 

0.55 

43 

12 

0.6 

1 

0.6 

0.03% 

0.05% 

0.67 

395 

5.6 

12.5 

55° 

11 
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TLV2264AM 
UNIT 

MAX MIN TYP MAX 

0.35 0.55 

0.25 
V/jJS 

43 

12 
nV/VHZ 

0.6 
IJ.V 

1 

0.6 fA/"Hz 

0.03% 

0.05% 

0.67 MHz 

395 kHz 

5.6 

IJ.S 
12.5 

55° 

11 dB 
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TLV226X, TLV226xA, TLV226xY 
Advanced LinCMOSTM RAIL-TO-RAIL 
OPERATIONAL AMPLIFIERS 
SLOS186- FEBRUARY 1997 

TLV2264M electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient of 
aVIO input offset vOltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

AVO 
Large-signal differential 
voltage amplification 

rj(d) 
Oifferential input 
resistance 

rj(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

Zo 
Closed-loop output 
impedance 

Common-mode rejection 
CMRR 

ratio 

Supply voltage rejection 
kSVR ratio (aVOO/aVIO) 

100 
Supply current (four 
amplifiers) 

t Full range IS - 55°C to 125°C. 
+ Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 125°C 

VOO± = ±2.5 V, 
VIC=O, 

25°C 
VO=O, 
RS=500 

25°C 

125°C 

25°C 

125°C 

25°C 

IVIOI ~5mV, RS=500 

Full range 

IOH=-20~ 25°C 

25°C 
IOH=-100~ 

Full range 

25°C 
IOH=-400~ 

Full range 

VIC =2.5 V, 10L= 50~ 25°C 

25°C 
VIC=2.5V, 10L= 500~ 

Full range 

25°C 
VIC=2.5V, 10L= 1 mA 

Full range 

RL=50kO+ 
25°C 

VIC=2.5V, Full range 
VO= 1 Vt04V 

RL=1 MO+ 25°C 

25°C 

25°C 

f= 10kHz, N package 25°C 

f = 100 kHz, AV=10 25°C 

VIC = 0 to 2.7 V, Vo = 2.5 V, 25°C 
RS=50n Full range 

VOO = 4.4 V to 8 V, 25°C 

VIC = VOO/2, No load Full range 

VO=2.5V, No load 
25°C 

Full range 

TLV2264M TLV2264AM 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2500 300 950 

3000 1500 
~V 

2 2 ~V/oC 

0.003 0.003 ~V/mo 

0.5 0.5 

500 " 500 
pA 

1 1 

500 500 
pA 

0 -0.3 0 -0.3 
to to to to 
4 4.2 4 4.2 

V 
0 0 

to to 
3.5 3.5 

4.99 4.99 

4.85 4.94 4.85 4.94 

4.82 4.82 V 

4.7 4.85 4.7 4.85 

4.5 4.5 

0.Q1 0.01 

0.09 0.15 0.09 0.15 

0.15 0.15 V 

0.2 0.3 0.2 0.3 

0.3 0.3 

80 170 80 170 

50 50 V/mV 

550 550 

1012 1012 0 

1012 1012 n 

8 8 pF 

240 240 n 

70 83 70 83 

70 70 
dB 

80 95 80 95 

80 80 
dB 

0.8 1 0.8 1 
mA 

1 1 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV2264M operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR 
Slew rate at unity 
gain 

Equivalent input 
Vn noise voltage 

Peak-to-peak 

VN(PP) equivalent input 
noise voltage 

In 
Equivalent input 
noise current 

Total harmonic 
THD+N distortion plus 

noise 

Gain-bandwidth 
product 

Maximum 

BaM output-swing 
bandwidth 

ts Settling time 

<Pm 
Phase margin at 
unity gain 

Gain margin 

t Full range is - 55°C to 125°C. 
+ Relerenced to 2.5 V 

TEST CONDITIONS TAt 

Va = 0.5 V to 3.5 V, 
CL = 100 pF+ 

1= 10 Hz 

1= 1 kHz 

1 = 0.1 Hz to 1 Hz 

1 = 0.1 Hz to 10 Hz 

Va = 0.5 Vto 2.5 V, 
1=20 kHz, 
RL=50kn+ 

1= 50 kHz, 
CL = 100 pF+ 

VO(pp)=2V, 
RL=50kn+, 

AV=-I, 
Step = 0.5 V to 2.5 V, 
RL=50kn+, 
CL = 100 pF+ 

RL=50kn+, 

MIN 

RL=50 kn+, 
25°C 0.35 

Full 
0.25 

range 

25°C 

25°C 

25°C 

25°C 

25°C 

AV=1 
25°C 

AV= 10 

RL=50 kn+, 
25°C 

AV= 1, 
25°C 

CL= 100pF+ 

To 0.1% 

25°C 
To 0.01% 

CL= 100 pF+ 
25°C 

25°C 

~TEXAS 
INSTRUMENTS 

TLV2264M 

TVP 

0.55 

40 

12 

0.7 

1.3 

0.6 

0.017% 

0.03% 

0.71 

185 

6.4 

14.1 

56° 

11 
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TLV2264AM 
UNIT 

MAX MIN TVP MAX 

0.35 0.55 

0.25 
V/flS 

40 

12 
nV/v'Hz 

0.7 
flY 

1.3 

0.6 IAI.yHz 

0.017% 

0.03% 

0.71 MHz 

185 kHz 

6.4 

fls 
14.1 

56° 

11 dB 
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TLV2262Y electrical characteristics at Voo = 3 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

110 Input offset current VDD±=±1.5V, VIC=O, 

liB Input bias current 
RS=50n 

VICR Common-mode input voltage range IVI0ls5mV, RS=50n 

10H =-20 ItA 
VOH High-level output voltage 

10H = -400 ItA 
VIC = 0 V, 10L = 50 ItA 

VOL Low-level output voltage VIC=OV, 10L = 500 ItA 
VIC=OV, 10L=1 mA 

I RL=50k(.!t 
AVD Large-signal differential voltage amplification VO"'- 1 Vt02V I RL= 1 Mnt 

qed) Differential input resistance 

ri(c) Common-mode input resistance 

Ci(c) Common-mode input capacitance f=10kHz 

Zo Closed-loop output impedance f = 100 kHz, AV=10 

CMRR Common-mode rejection ratio VIC = Oto 1.7V, VO=O, 

kSVR Supply voltage rejection ratio (.1.VDD/.1.VIO) VDD =2.7Vto 8 V, VIC=O, 

IDD Supply current VO=O, No load 

t Referenced to 1.5 V 

6--662 
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TLV2262Y 

MIN TYP 

300 
VO=O, 

0.5 

1 

0 -0.3 
to to 
2 2.2 

2.99 

2.7 2.75 

10 

100 

200 

60 100 

100 

1012 

1012 

8 

270 

RS=50n 65 77 

No load 80 100 

400 

MAX 
UNIT 

2500 ltV 

150 pA 

150 pA 

V 

V 

125 V 

250 

VlmV 

n 

n 

pF 

n 

dB 

dB 

500 ItA 
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TLV2262Y electrical characteristics at Voo = 5 V, TA = 25°C (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

AVD Large-signal differential voltage amplification 

ri/d) Differential input resistance 

ri(c) Common-mode input resistance 

ci/c) Common-mode input capacitance 

zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

ksVR Supply voltage rejection ratio (AVDD/AVIO) 

IDD Supply current 

t Referenced to 2.5 V 

TEST CONDITIONS 

VDD± = ±2.5 V, VIC=O, 
RS=50a 

IVIO 1,;;5 mY, RS=50a 

10H =-20 !LA 
10H = -100 !LA 
10H = -400 !LA 
VIC =2.5 V, 10L = 50 !LA 
VIC=2.5V, 10L = 500 !LA 
VIC =2.5 V, 10L=1 mA 

VIC=2.5V, I RL = 50 k!lt 

VO=l Vt04V I RL= 1 Mat 

f= 10kHz 

f = 100 kHz, AV= 10 

VIC = 0 to 2.7 V, VO=2.5V, 

VDD = 4.4 V to 8 V, VIC = VDD/2, 
No load 

VO=2.5V, No load 

-!!I TEXAS 
INSTRUMENTS 
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TLV2262Y 

MIN TYP MAX 
UNIT 

300 2500 !LV 
VO=O, 0.5 150 pA 

1 150 pA 

0 -0.3 
to to V 
4 4.2 

4.99 

4.85 4.94 V 

4.7 4.85 

0.01 

0.09 0.15 V 

0.2 0.3 

80 170 
V/mV 

550 

1012 a 

1012 a 

8 pF 

240 a 

RS=50a 70 83 dB 

80 95 dB 

400 500 !LA 
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TLV2264Y electrical characteristics at VOO = 3 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

110 Input offset current VOD±= ±1.5V, VIC=O, 
VO=O, RS=50Q 

lIB Input bias current 

VICR Common-mode input voltage range IVI01:S;5mV, RS=50Q 

10H =-20!lA 
VOH High-level output voltage 

10H = -400 !lA 

VIC=O, 10L = 50!lA 

VOL Low-level output voltage VIC=O, 10L= 500!lA 

VIC=O, IOL=1mA 

VO= 1 Vt02V 
I RL = 50 k.Qt 

AVO Large-signal differential voltage amplification I RL=l MQt 

fied) Oifferential input resistance 

fi(c) Common-mode input resistance 

Ciec) Common-mode input capacitance f=10kHz 

zo Closed-loop output impedance f = 100 kHz, AV=10 

CMRR Common-mode rejection ratio VIC = 0 to 1.7 V, VO=O, RS=50Q 

ksVR Supply voltage rejection ratio (AVOOI AVIO) VOO = 2.7 V to 8 V, VIC=O, No load 

100 Supply current (four amplifiers) VO=O, No load 

t Referenced to 1.5 V 
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TlV2264Y 

MIN TYP 

300 

0.5 

1 

0 -0.3 
to to 
2 2.2 

2.99 

2.7 2.75 

10 

100 

200 

60 100 

100 

1012 

1012 

8 

270 

65 77 

80 100 

0.8 

MAX 
UNIT 

2500 flV 

150 pA 

150 pA 

V 

V 

mV 

V/mV 

Q 

Q 

pF 

Q 

dB 

dB 

1 mA 
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TLV2264Y electrical characteristics at Voo = 5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage 

110 Input offset current VOO± = ±2.5 V, VIC=O, 

Input bias current 
VO=O, RS=50Q 

liB 

VICR Common-mode input voltage range IV101S:5 mY, RS=50Q 

10H =-20 !LA 
VOH High-level output voltage 10H = -100 !LA 

10H = -400 !LA 
VIC=2.5V, 10L = 50 !LA 

VOL Low-level output voltage VIC=2.5V, 10L = 500 !LA 
VIC=2.5V, 10L= 1 mA 

Large-signal differential VIC=2.5V, I RL=50 knt 
AVO voltage amplification VO= 1 Vt04V I RL= 1 MQt 

q(d) Oifferential input resistance 

q(c) Common-mode input resistance 

cl(ct Common-mode input capacitance f=10kHz 

zo Closed-loop output impedance f = 100 kHz, AV=10 

CMRR Common-mode rejection ratio VIC = 0 to 2.7 V, Vo = 2.5 V, 

kSVR Supply voltage rejection ratio (AVOO/AVIO) VOO =4.4 Vto 8 V, VIC=VOO/2, 
No load 

100 Supply current (four amplifiers) 

t Referenced to 2.5 V 

Vo = 2.5 V, No load 
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TLV2264Y 

MIN TYP MAX 
UNIT 

300 2500 !LV 

0.5 150 pA 

1 150 pA 

0 -0.3 
to to V 
4 4.2 

4.99 

4.85 4.94 V 

4.7 4.85 

0.01 

0.09 0.15 V 

0.2 0.3 

80 170 
V/mV 

550 

1012 n 
1012 n 

8 pF 

240 n 
RS=50Q 70 83 dB 

80 95 dB 

0.8 1 mA 

tH365 
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VIO 

aVIO 

11s/IIO 

VI 

VOH 

VOL 

VO(PPl 

lOS 

VID 

AVD 

AVD 

Zo 

CMRR 

kSVR 

IDD 

SR 

Vo 

Vo 

Vo 

Vo 

Vn 

THD+N 

C\lm 

81 
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TYPICAL CHARACTERISTICS 

Table of Graphs' 

Input offset voltage 
Distribution 
vs Common-mode voltage 

Input offset voltage temperature coefficient Distribution 

Input bias and input offset currents vs Free-air temperature 

Input voltage 
vs Supply voltage 
vs Free-air temperature 

High-level output voltage vs High-level output current 

LOW-level output voltage vs Low-level output current 

Maximum peak-to-peak output voltage vs Frequency 

Short-circuit output current 
vs Supply voltage 
vs Free-air temperature 

Differential input voltage vs Output voltage 

Differential voltage amplification vs Load resistance 

Large-signal differential voltage amplification 
vs Frequency 
vs Free-air temperature 

Output impedance vs Frequency 

Common-mode rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply-voltage rejection ratio 
vs Frequency 
vs Free-air temperature 

Supply current vs Free-air temperature 

Slew rate 
vs Load capacitance 
vs Free-air temperature 

Inverting large-signal pulse response vsTIme 

Voltage-follower large-signal pulse response vsTIme 

Inverting small-signal pulse response vsTIme 

Voltage-follower small-signal pulse response vsTIme 

Equivalent input noise voltage vs Frequency 

Input noise voltage Over a 10-second period 

Integrated noise voltage vs Frequency 

Total harmonic distortion plus noise vs Frequency 

Gain-bandwidth product 
vs Supply voltage 
vs Free-air temperature 

Phase margin 
vs Frequency 
vs Load capacitance 

Gain margin vs Load capacitance 

Unity-gain bandwidth vs Load capacitance 

Overestimation of phase margin vs Load capacitance 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2262 
INPUT OFFSET VOLTAGE 

15r-----~------~------r------, 

841 From 2 
VOD±=±1.5V 
TA = 25°C 

12r------+-----HH-------r-----~ 

9 r------+----

6 r------+---

3r----

o 
-1.6 -0.8 o 0.8 

VIO - Input Offset Voltage - mV 

Figure 2 

DISTRIBUTION OF TLV2264 
INPUT OFFSET VOLTAGE 

1.6 

'#. 
I 

.i 
:t::: 
a. 
E 

<C 
'0 

f 
II. 

20 
2272 

DISTRIBUTION OF TLV2262 
INPUT OFFSET VOLTAGE 

VIO - Input Offset Voltage - mV 

Figure 3 

DISTRIBUTION OF TLV2264 
INPUT OFFSET VOLTAGE 

Lots 20 2272 AmpIITllers 
VOO±=±1.5V 
TA=25°c 

VOO±=±2.5V 
TA = 25°C 

16~----_+----~~------~----~ 
'#. 

16 

I 

j 
12 a. 121-----+--

E 
<C 
'0 
8. 8 
~ 

8 ~----_+---

~ 
III 

4~----_+-- II. 4 

0'--____ ............. 0 
-1.6 -0.8 o 0.8 1.6 -1.6 

VIO -Input Offset Voltage - mV 

Figure 4 
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-0.8 0 0.8 
VIO - Input Offset Voltage - mV 

Figure 5 

1.6 
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TYPICAL CHARACTERISTICS 

> 
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CD 

I 
~ 

.'5 

~ 
'S 
Q. 

.5 
I 
0 

>" 

0.5 

0 

-0.5 

-1 

INPUT OFFSET VOLTAGEt 
vs 

COMMON-MODE INPUT VOLTAGE 

VOO=3V / RS=50 n 
TA=25°C 

,I 

V 
.,/ 

/ 
./ 

(' 

-1 -0.5 0 0.5 1.5 2 2.5 3 

VIC - Common-Mode Input Voltage - V 

Figure 6 

DISTRIBUTION OF TLV2262 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

> 
E 
I 

& 
~ 
~ 

I 
'S 
Q. 

.5 
I 

~ 

0.5 

0 

-0.5 

-1 

INPUT OFFSET VOLTAGEt 
vs 

COMMON-MODE INPUT VOLTAGE 

I. 
VOO=5V 
Rs=50 n 
TA=25°C 

./ ~ 

V 
V 

V 
( 

V 

-1 o 2 3 4 

VIC - Common-Mode Input Voltage - V 

Figure 7 

DISTRIBUTION OF TLV2262 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

5 

-4 -3 -2 -1 0 2 3 4 5 -4 -3 -2 -1 0 2 3 4 5 

IX VIO - Temperature Coefficient - !1 V 1°C 

Figure 8 

IXVIO - Temperature Coefficient -!1 V 1°C 

Figure 9 

t For all curves where VOD = 5 V, all loads are referenced to 2.5 V. For all curves where VDO = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2264 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

2 Wafer Lots 
30 VOD±=±1.5V 

N Package 
TA = 25°C to 125°C 

25 

201----t--+---t--

151----t--+---t--

101----t--+---t--

51--+-+--+-

o I.-....L---I..-' 
-5 -4 -3 -2 -1 0 2 3 4 5 

(lVIO - Temperature Coefficient 
of Input Offset Voltage -I1V 1°C 

Figure 10 
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vs 
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25 
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r 
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VIC=O 
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IIB// 

II 
/1 110 

J/ 
~ 

45 65 85 105 
TA - Free-Air Temperature - °C 

Figure 12 
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DISTRIBUTION OF TLV2264 INPUT OFFSET 
VOLTAGE TEMPERATURE COEFFICIENT 

Amplifiers From 
2 Wafer Lots 
VOO±=±2.5V 
NPackage 
TA = 25°C to 125°C 

-5 -4 -3 -2 -1 0 2 3 4 

(lVIO - Temperature Coefficient 
of Input Offset Voltage -I1V/oC 

Figure 11 

INPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

2.5 

2 

1.5 

0.5 

0 

-0.5 

-1 

-1.5 

-2 

-2.5 
1 

I VOD± I - Supply Voltage - V 

Figure 13 

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 CHARACTERISTICS 
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INPUT VOLTAGEt* 
vs 

FREE-AIR TEMPERATURE 
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TA - Free-Air Temperature - °C 

Figure 14 

LOW-LEVEL OUTPUT VOLTAGE* 
vs 

LOW-LEVEL OUTPUT CURRENT 
1.2 r-----r----...,.-,r------,----T-r-----, 

0.8 
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0.4 
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IOl -, low-level Output Current - mA 

Figure 16 
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HIGH-LEVEL OUTPUT VOLTAGEtt 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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~\ 

~ j' J 
~ 
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IIOH 1- High-level Output Current -llA 

Figure 15 

LOW-LEVEL OUTPUT VOLTAGEt* 
vs 

LOW-LEVEL OUTPUT CURRENT 

2000 

1.4 r----r---,-----r----n~--r_, 
VOO=3V 
VIC=1.5V 
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0.61----+---TIl~'---Y--"7'5I""=---__1 
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IOl - low-level Output Current - mA 

Figure 17 

5 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. * For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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TYPICAL CHARACTERISTICS 
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE* 
vs 
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SHORT-CIRCUIT OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 

VIC = Vo0f2 
VIO' = -100 ~V TA'=25°C 

/ 
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Vlo=_Joornv 

3 4 5 6 
Voo - Supply Voltage - V 

Figure 21 

7 

6 

8 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:j: For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:I: For aU curves where VDD = 5 V, aU loads are referenced to 2.5 V. For aU curves where VDD = 3 V, aU loads are referenced to 1.5 V. 
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t Oata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:j: For all curves where VOO = 5 V. all loads are referenced to 2.5 V. For all curves where VOO = 3 V. all loads are referenced to 1.5 V. 
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t For all curves where VOO = 5 V. all loads are referenced to 2.5 V. For all curves where VOO = 3 V. all loads are referenced to 1.5 V. 
: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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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
:t: For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. 
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Figure 43 

t For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all curves where VDD = 3 V, all loads are referenced to 1.5 V. 
:j: 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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t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. 
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t For all curves where VOO = 5 V, all loads are referenced to 2.5 V. For all curves where VOO = 3 V, all loads are referenced to 1.5 V. 
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t For all curves where VDD = 5 V, all loads are referenced to 2.5 V. For all cUives where VDD = 3 V, all loads are referenced to 1.5 V. 
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t For all cUlVes where VDD = 5 V, all loads are referenced to 2.5 V. For all cUlVes where VDD = 3 V, all loads are referenced to 1.5 V. 
:j: 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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t See application information 

Figure 60 
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APPLICATION INFORMATION 

driving large capacitive loads 

The TLV226x is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 51 
and Figure 52 illustrate its ability to drive loads greater than 400 pF while maintaining good gain and phase 
margins (Rnull = 0). . 

A smaller series resistor (Rnull) atthe output ofthe device (see Figure 61) improves the gain and phase margins 
when driving large capacitive loads. Figure 51 and Figure 52 show the effects of adding series resistances of 
10 Q, 20 n, 50 n, and 100 n. The addition of this series resistor has two effects: the first is that it adds a zero 
to the transfer function and the second is that it reduces the frequency of the pole associated with the output 
load in the transfer function. 

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To 
calculate the improvement in phase margin, equation (1) can be used . 

. Mlm1 = tan-1 (2 x 7t x UGBW x Rnu" x CL) 

where: 
~em1 = improvement in phase margin 

UGBW unity-gain bandwidth frequency 

Rnull output series resistance 

CL load capacitance 

(1 ) 

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 53). To 
use equation 1, UGBW must be approximated from Figure 53. 

Using equation 1 alone overestimates the improvement in phase margin as illustrated in Figure 59. The 
overestimation is caused by the decrease in the frequency of the pole associated with the load, providing 
additional phase shift and reducing the overall improvement in phase margin. The pole associated with the load 
is reduced by the factor calculated in equation 2. 

F 
1 + gm x Rnull 

where: 
F = factor reducing frequency of pole 

gm = sma"-signal output transconductance (typica"y 4.83 x 10-3 mhos) 
Rnull = output series resistance 

(2) 

For the TLV226x, the pole associated with the load is typically 7 MHz with 1 OO-pF load capacitance. This value 
varies inversely with CL: at CL = 10 pF, use 70 MHz, at CL = 1000 pF, use 700 kHz, and so on. 

Reducing the pole associated with the load introduces phase shift, thereby reducing phase margin. This results 
in an error in the increase in phase margin expected by considering the zero alone (equation 1). Equation 3 
approximates the reduction in phase margin due to the movement of the pole associated with the load. The 
result of this equation can be subtracted from the result of the equation 1 to better approximate the improvement 
in phase margin. 
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APPLICATION INFORMATION 

driving large capacitive loads (continued) 

de == tan-1 [UG8W] _ tan-1 (UG8W.) 
m2 (FxP2) P2 

where: 
dem2 = reduction in phase margin 

UG8W = unity-gain bandwidth frequency 
F = factor from equation (2) 

P2 = unadjusted pole (70 MHz @ 10 pF, 7 MHz @ 100 pF, etc.) 

(3) 

Using these equations with Figure 60 and Figure 61 enables the designer to choose the appropriate output 
series resistance to optimize the design of circuits driving large capacitive loads. 

6-684 

SOkn 

Figure 61. Series-Resistance Circuit 
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APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in Figure 62 are generated using 
the TLV226x typical electrical and operating characteristics at T A = 25°C. Using this information, output 
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 

• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Intergrated Circuit Operational Amplifiers," IEEE 
Journal of Solid-State Circuits, SC-9, 353 (1974). 

DLN 
3 EGND + 

.-----141--.. 92 
..... ~ ...... 91 

RP + DLP 
2 

IN - ..... -+--f---~-' 

IN+ ..... -+--1-----1---1---' 
DC 

DE 
VCC_~~~ ____ ~~_I-t-~54~~~ ___ ~ ________ 5-. 

+ 
VE OUT 

.SUBCKT TLV226x 1 2345 RDI 60 11 15.92E3 
Cl 11 12 5.5E-12 RD2 60 12 15.92E3 
C2 6 7 20.00E-12 ROI 8 5 135 
DC 5 53 DX R02 7 99 135 
DE 54 5 DX RP 3 4 15.87E3 
DLP 90 91 DX RSS 10 99 18.18E6 
DLN 92 90 DX VAD 60 4 -.5 
DP 4 3 DX VB 9 0 DCO 
EGND 99 0 POLY (2) (3,0) (4,0) 0 .5 .5 
FB 7 99 POLY (5) VB vC VE VLP 
+ VLN 0 8.64E6 -10E6 10E6 10E6 -10E6 

VC 3 53 DC .615 
VE 54 4 DC .615 
VUM 7 8 DCO 

GA 6 0 11 1262.83E-6 VLP 91 0 DC 1 
GCM 0 6 10 9912.34E-9 VLN 0 92 DC 5.1 
ISS 3 10 DC 11.05E-6 

+ 
VLP 

HUM 90 0 VUM lK 
Jill 2 10JX 

.MODEL DX D (IS=800.0E-18) 

.MODEL JX PJF= (IS=500.0E-i 5 BETA=325E-6 
+VTO~.08) 

J2 12 1 10JX .ENDS 
R2 6 9 100.0E3 

Figure 62. Boyle Macromodel and Subcircult 

PSpice and Paris are trademarks of MicroSim Corporation. 
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LinCMOSTM LOW-VOLTAGE LOW-POWER 

OPERATIONAL AMPLIFIERS 

• Wide Range of Supply Voltages Over 
Specified Temperature Range: 

TA = -40°C to 85°C •.. 2 V to 8 V 

• Fully Characterized at 3 V and 5 V 

• Single-Supply Operation 

• Common-Mode Input Voltage Range 
Extends Below the Negative Rail and up to 
Voo -1 Vat TA = 25°C 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance ..• 1012 n Typical 

• ESD-Protection Circuitry 

• Designed-In Latch-Up Immunity 

description 

The TLV232x operational amplifiers are in a family 
of devices that has been specifically designed for 
use in low-voltage single-supply applications. 
This amplifier is especially well suited to 
ultra-low-power systems that require devices to 
consume the absolute minimum of supply 
currents. Each amplifier is fully functional down to 
a minimum supply voltage of 2 V, is fully 
characterized, tested, and specified at both 3-V 
and 5-V power supplies. The common-mode input 
voltage range includes the negative rail and 
extends to within 1 V of the positive rail. 

These amplifiers are specifically targeted for use 
in very low-power, portable, battery-driven 
applications with the maximum supply current per 
operational amplifier specified at only 27 J.IA over 
its full temperature range of -40°C to 85°C. 

TLV2322 
o OR P PACKAGE 

(TOP VIEW) 

10UTUB VDD 
11N- 2 7 20UT 
11N+ 3 6 21N-

VDD_/GND 4 5 21N+ 

10UT 
11N-
11N+ 

VDD_/GND 

TLV2322 
PWPACKAGE 

(TOP VIEW) 

TLV2324 

VDD+ 
20UT 
21N-
21N+ 

o OR N PACKAGE 
(TOP VIEW) 

10UT 1 

11N + 

VDD+ 
21N+ 
21N- 6 

20UT 7 

10UT 
11N-
11N + 
VDD+ 
21N+ 
21N-

20UT 

TLV2324 
PWPACKAGE 

(TOP VIEW) 

40UT 
41N-
41N+ 
VDp_/GND 
31N+ 
31N-
30UT 

40UT 
41N-
41N+ 
VDD_/GND 
31N+ 
31N-
30UT 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA 
VIomaxAT 

SMALL OUTLlNEt PLASTIC DIP PLASTIC DIP TSSOP* 25°C 
(D) (N) (P) (PW) 

9mV TLV23221D - TLV23221P TLV23221PWLE 
-40°C to B5°C 

10mV TLV23241D TLV23241N - TLV23241PWLE 

t The D package is available taped and reeled. Add R suffix to the device type (e.g., TLV2322IDR). 
:j: The PW package is only available left·end taped and reeled (e.g., TLV2322IPWLE). 
§ Chip forms are tested at 25°C only. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

CHIP FORM§ 
(Y) 

TLV2322Y 

TLV2324Y 

~TEXAS 
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description (continued) 

Low-voltage and low-power operation has been made possible by using the Texas Instruments Silicon-gate 
LinCMOS technology. The LinCMOS process also features extremely high input impedance and ultra-low bias 
currents making these amplifiers ideal for interfacing to high-impedance sources such as sensor circuits or filter 
applications. 

To facilitate the design of small portable equipment, the TLV232x is made available in a wide range of package 
options, including the small-outline and thin-shrink small-outline packages (TSSOP). The TSSOP package has 
significantly reduced dimensions compared to a standard surface-mount package. Its maximum height of only 
1.1 mm makes it particula~ly attractive when space is critical. 

The device inputs and outputs are designed to withstand -100-mA currents without sustaining latch-up. The 
TLV232x incorporates internal ESO-protection circuits that prevent functional failures at voltages up to 2000 V 
as tested under MIL-STO 883C, Method 3015.2; however, care should be exercised in handling these devices 
as exposure to ESO can result in the degradation of the device parametric performance. 

TLV2322Y chip information 

6-688 

This chip, when properly assembled, displays characteristics similar to the TLV23221. 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 
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11N+ (3) 

11N- (2) 
10UT 

(6) 20UT 
21N+ !t<-5) + 

21N- -
(4) 

VDD_/GND 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 
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TLV2324Y chip information 

--= --= --= 
--= 
--= 
--= 

--= --= 

--= 
--= 
--= --= --= --= 

This chip. when properly assembled. display characteristics similar to the TLV2324. 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 

I'll 108 ~ 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
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l1N+ (3) 

l1N- (2) 
lOUT 

21N+ ~5) + (7) 
(6) 20UT 

21N-

3IN+~.~ 
3IN-~ 30UT 

(12) 
41N+ 

41N- (13) 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (12) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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equivalent schematic (each amplifier) 

IN-

IN+ 

VDD 

P5 P6 

~----r--------+-OUT 

6-690 

D2 

GND 

ACTUAL DEVICE COMPONENT COUNTt 

COMPONENT TLV2342 TLV2344 

Transistors 54 108 

Resistors 14 28 

Diodes 4 8 

Capacitors 2 4 

t Includes both amplifiers and all ESD, bias, and trim 
circuitry. 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 

Supply voltage, Voo (see Note 1) ............................................................ 8 V 
Differential input voltage, VID (see Note 2) .................................................. Voo± 
Input voltage range, VI (any input) ................................................... -0.3 V to VOO 
Input current, II ......................................................................... ±5 mA 
Output current, 10 ...................................................................... ±30 mA 
Duration of short-circuit current at (or below) TA = 25°C (see Note 3) ........................ unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A ........................................... -40°C to 85°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
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 (see application section). 

DISSIPATION RATING TABLE 

TAS25°C DERATING FACTOR 
PACKAGE 

POWER RATING ABOVE TA = 25°C 

D-8 725mW 5.8mW/oC 

D-14 950mW 7.6mW/oC 

N 1575mW 12.6mW/oC 

P 1000mW 8.0mWtoC 

PW-B 525mW 4.2mW/oC 

PW-14 700mW 5.6mW/oC 

recommended operating conditions 

Supply voltage. vDD 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

I VDD =3V 

IVDD=5V 

~TEXAS 
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TA=85°C 

POWER RATING 

377mW 

494mW 

819mW 

520mW 

273mW 

364mW 

MIN MAX UNIT 

2 8 V 

-0.2 1.8 
V 

-0.2 3.8 

-40 85 °C 
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TLV2322 electrical characteristics at specified free·air temperature 

PARAMETER TEST CONDITIONS TAt VDD=3V 

MIN TYP 

Vo= 1 V, 25°C 1.1 

VIO Input offset voltage VIC=1 V, 
RS=500, 
RL= 1 MO 

Full range 

aVIO 
Average temperature coefficient 25°C to 1 
of input offset voltage 85°C 

VO=l V, 25°C 0.1 
110 Input offset current (see Note 4) 

VIC = 1 V 85°C 22 

VO=l V, 25°C 0.6 
liB Input bias current (see Note 4) 

VIC=l V 85°C 175 

-0.2 -0.3 
25°C to to 

Common-mode input voltage 2 2.3 
VICR range (see Note 5) -0.2 

Full range to 
1.8 

VIC=1 V, 25°C 1.75 1.9 
VOH High-level output voltage VIO=100mV, 

10H=-1 mA Full range 1.7 

VIC=1 V, 25°C 115 
VOL Low-level output voltage VIO = - 100 mY, 

10L= 1 mA Full range 

Large-signal differential voltage 
VIC=1 V, 25°C 50 400 

AVO RL = 1 M!l, 
amplification 

See Note 6 Full range 50 

VO=1 V, 25°C 65 88 
CMRR Common-mode rejection ratio VIC = VICR min, 

RS=500 Full range 60 

Supply-voltage rejection ratio 
VIC=1 V, 25°C 70 86 

kSVR VO=l V, 
(llVOO"WIO) RS=500 Full range 65 

Vo = 1 V, VIC = 1 V, 25°C 12 
100 Supply current 

No load Full range 

t Full range IS -40°C to 85°C. 

TLV2322 

VDD=5V 

MAX MIN TYP 

9 1.1 

11 

1.1 

0.1 

1000 24 

0.6 

2000 200 

-0.2 -0.3 
to to 
4 4.2 

-0.2 
to 

3.8 

3.2 3.8 

3 

150 95 

190 

50 520 

50 

65 94 

60 

70 86 

65 

34 20 

54 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 

6--692 

5. This range also applies to each input individually. 
6. AtVOO = 5 V, VO(PP) = 0.25 Vto 2 V; at VOO = 3 V, Vo = 0.5 Vto 1.5 
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UNIT 

MAX 

9 
mV 

11 

flV/0 C 

1000 
pA 

2000 
pA 

V 

V 

V 

150 
mV 

190 

V/mV 

dB 

dB 

34 

54 
flA 
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TLV2322 operating characteristics at specified free-air temperature, Voo = 3 V 
TLV2322 

PARAMETER TEST CONDITIONS TA MIN TVP 

VIC=1 v. VI(PP) = 1 V. 25°C 0.02 
SR Slew rate at unity gain RL= 1 MQ. CL=20 pF. 

See Figure 35 85°C 0.02 

Vn Equivalent input noise voltage 
1= 1 kHz. RS=20Q. 

25°C 68 
See Figure 36 

VO=VOH. CL=20pF. 25°C 2.5 
BOM Maximum output-swing bandwidth 

RL= 1 MQ, See Figure 35 85°C 2 

VI= 10mV. CL=20pF. 25°C 27 
B1 Unity-gain bandwidth 

RL = 1 MQ, See Figure 37 85°C 21 

VI = 10 mY. I=B1. -40°C 39° 

<Pm Phase margin CL= 20 pF. RL=1 Mg. 25°C 34° 
See Figure 37 85°C 28° 

TLV2322 operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output-swing bandwidth 

B1 Unity-gain bandwidth 

<Pm Phase margin 

TEST CONDITIONS 

VIC=1 V. 
RL= 1 Mg. 

VI(PP) = 1 V 

CL=20pF. 
See Figure 35 VI(PP) = 2.5 V 

1= 1 kHz. RS=20g. 
See Figure 36 

VO=VOH. CL=20 pF. 
RL=1 MQ, See Figure 35 

VI=10mV. CL=20 pF. 
RL= 1 Mg. See Figure 37 

VI=10mV. 1 = B1. 
CL=20pF. RL= 1 MQ. 
See Figure 37 
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TLV2322 
TA 

MIN TVP 

25°C 0.03 

85°C 0.03 

25°C 0.03 

85°C 0.02 

25°C 68 

25°C 5 

85°C 4 

25°C 85 

85°C 55 

-40°C 38° 

25°C 34° 

85°C 28° 

MAX 
UNIT 

V/fJ.s 

nV/VHz 

kHz 

kHz 

MAX 
UNIT 

V/fJ.s 

nV/VHz 

kHz 

kHz 
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TLV23241 electrical characteristics at specified free-air temperature 

PARAMETER TEST CONOITIONS TAt VOO=3V 

MIN TYP 

VO=1 V, 25°C 1.1 

VIO Input offset voltage VIC = tV, 
RS=500, 
RL= 1 Mo, Full range 

Average temperature coefficient 25°C to 
1 aVIO of input offset voltage 85°C 

VO=1 V, 25°C 0.1 
110 Input offset current (see Note 4) 

VIC=1 V 85°C 22 

VO=1 V, 25°C 0.6 
liB Input bias current (see Note 4) 

VIC=1 V B5°C 175 

-0.2 -0.3 
25°C to to 

Common-mode input 2 2.3 
VICR voltage range (see Note 5) -0.2 

Full range to 
1.8 

VIC=1 V, 25°C 1.75 1.9 
VOH High-level output voltage VIO= 100 mV, 

10H =-1 rnA Full range 1.7 

VIC=1 V, 25°C 115 
VOL Low-level output voltage VIO = -100 mV, 

IOL=1 rnA Full range 

Large-signal differential VIC = 1 V, 25°C 50 400 
AVO voltage amplification RL= 1 Mo, 

See Note 6 Full range 50 

VO=1 V, 25°C 65 88 
CMRR Common-mode rejection ratio VIC = VICRmin, 

RS=500 Full range 60 

Supply-voltage rejection ratio VIC = 1 V, Vo = 1 V, 25°C 70 86 
ksVR (AVOO/AVIO) RS=500 Full range 65 

Vo = 1 V, VIC = 1 V, 25°C 24 
100 Supply current 

No load Full range 

t Full range is -40°C to 85°C. 

TLV23241 

VOO=5V 

MAX MIN TYP 

10 1.1 

12 

1.1 

0.1 

1000 24 

0.6 

2000 200 

-0.2 -0.3 
to to 
4 4.2 

-0.2 
to 

3.8 

3.2 3.8 

3 

150 95 

190 

50 520 

50 

65 94 

60 

70 86 

65 

68 39 

108 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 

6-694 

5. This range also applies to each input individually. 
6. AtVOO = 5 V, VO(PP) = 0.25 Vt02 V; atVOO = 3 V, VO= 0.5 Vto 1.5 V. 
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UNIT 

MAX 

10 
mV 

12 

fl.vt°C 

1000 
pA 

2000 
pA 

V 

V 

V 

150 
mV 

190 

V/mV 

dB 

dB 

68 

108 
~ 
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TLV23241 operating characteristics at specified free-air temperature, Voo = 3 V 

TLV23241 
PARAMETER TEST CONDITIONS TA 

MIN TYP 

VIC= 1 V, VI(PP)= 1 V, 25°C 0.02 
SR Slew rate at unity gain RL=1 Mel, CL= 20 pF, 

See Figure 35 85°C 0.02 

Vn Equivalent input noise voltage 
1= 1 kHz, RS=20el, 

25°C 68 
See Figure 36 

VO=VOH, CL=20 pF, 25°C 2.5 
BaM Maximum output-swing bandwidth 

RL= 1 Mel, See Figure 35 85°C 2 

VI= 10mV, CL = 20 pF, 25°C 27 
B1 Unity-gain bandwidth 

RL= 1 MQ, See Figure 37 85°C 21 

VI= 10mV, I=B1, -40°C 39° 

<ilm Phase margin CL= 20 pF, RL= 1 Mel, 25°C 34° 
See Figure 37 85°C 28° 

TLV23241 operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BaM Maximum output-swing bandwidth 

B1 Unity-gain bandwidth 

<ilm Phase margin 

TEST CONDITIONS 

VIC = 1 V, 
RL= 1 Mel, 

VI(PP)= 1 V 

CL =20 pF, 
See Figure 35 VI(PP) = 2.5 V 

1= 1 kHz, RS =20Q, 
See Figure 36 

Va = VOH, CL= 20 pF, 
RL = 1 MQ, See Figure 35 

VI=10mV, CL= 20 pF, 
RL= 1 Mel, See Figure 37 

VI= 10mV, I=B1, 
CL= 20 pF, RL= 1 MQ, 
See Figure 37 
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TLV23241 
TA 

MIN TYP 

25°C 0.03 

85°C 0.03 

25°C 0.03 

85°C 0.02 

25°C 68 

25°C 5 

85°C 4 

25°C 85 

85°C 55 

-40°C 38° 

25°C 34° 

85°C 28° 

MAX 
UNIT 

V/Jls 

nV'I'iHz 

kHz 

kHz 

MAX 
UNIT 

V/JlS 

nV/'i'Hz 

kHz 

kHz 
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TLV2322Y electrical characteristics, TA = 25°C 

PARAMETER TEST CONOITIONS 

VIO Input offset voltage 
VO=l V, VIC=l V, 
RS=50n, RL=l Mn 

110 Input offset current (see Note 4) VO=l V, VIC=l V 

liB Input bias current (see Note 4) VO=l V, VIC=l V 

Common-mode input voltage 
VICR range (see Note 5) 

VOH High-level output voltage VIC= 1 V, VIO =-100 mY, 
10H=-1 mA 

VOL Low-level output voltage VIC=l V, Vlo=100mV, 
10L= 1 mA 

AVO 
Large-signal differential voltage VIC=l V, RL=l Mn, 
amplification See Note 6 

CMRR Common-mode rejection ratio 
VO=l V, VIC = VICR min, 
RS=50n 

kSVR 
Supply-voltage rejection ratio VO=l V, VIC=l V, 
(aVOO I aVIO) Rs=50n 

100 Supply current 
VO=l V, VIC=l V, 
No load 

TLV2322Y 

VOO=3V VOO=5V 

MIN TYP MAX MIN TYP 

1.1 1.1 

0.1 0.1 

0.6 0.6 

-0.3 -0.3 
to to 

2.3 4.2 

1.9 3.8 

115 95 

400 520 

88 94 

86 86 

12 20 

NOTES: 4. The typical values of input bias current offset current below 5 pA are determined mathematically. 

6-696 

5. This range also applies to each input individually. 
6. AtVOO = 5 V, Vo =0.25 Vt02 V; atVOO = 3 V, Vo =0.5 Vto 1.5 V. 
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UNIT 

MAX 

mV 

pA 

pA 

V 

V 

mV 

V/mV 

dB 

dB 

I1A 
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TLV2322Y electrical characteristics,TA = 25°C 
TLV2324Y 

PARAMETER TEST CONOITIONS VOO=3V 

MIN TYP MAX MIN 

VIO I nput offset voltage 
VO=1 V, VIC=1 V, 

1.1 
RS = 50Q, RL=1 MQ 

110 Input offset current (see Note 4) VO=1 V, VIC= 1 V 0.1 

liB Input bias current (see Note 4) VO=1 V, VIC=1 V 0.6 

Common-mode input voltage 
-0.3 

VICR range (see Note 5) to 
2.3 

VOH High-level output voltage VIC=1 V, VIO= 100 mY, 
1.9 

10H =-1 rnA 

VOL Low-level output voltage 
VIC= 1 V, VID= 100mV, 

115 
10L=1 rnA 

AVO 
Large-signal differential voltage VIC=1 V, RL=1 MQ, 

400 amplification See Note 6 

CMRR Common-mode rejection ratio 
VO=1 V, VIC = VICRmin, 88 
RS=50Q 

ksVR 
Supply-voltage rejection ratio VO=1 V, VIC=1 V, 

86 
(i.\VOO!i.\VIO) RS=50Q 

100 Supply current 
VO:l V, VIC=1 V, 24 
No load 

NOTES: 4. The typical values of Input bias current offset current below 5 pA are determmed mathematically. 
5. This range also applies to each input individually. 
6. AtVOO = 5 V, VO= 0.25 Vt02V; atVOO =3 V, Vo = 0.5 VIa 1.5 V. 
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VOO=5V UNIT 

TYP MAX 

1.1 mV 

0.1 pA 

0.6 pA 

-0.3 
to V 

4.2 

3.8 V 

95 mV 

520 V!mV 

94 dB 

86 dB 

39 !lA 
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VIO 

aVIO 

liB 

110 

VIC 

VOH 

VOL 

AVO 

100 

SR 

VO(PP) 

Bl 

<l>m 

Vn 
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TYPICAL CHARACTERISTICS 

Table of Gtaphs 

Input offset voltage Distribution 

Input offset voltage temperature coefficient Distribution 

Input bias current vs Free-air temperature 

Input offset current vs Free-air temperature 

Common-mode input voltage vs Supply voltage 

vs High-level output current 
High-level output voltage vs Supply voltage 

vs Free-air temperature 

vs Common-mode input voltage 

Low-level output voltage 
vs Free-air temperature 
vs Differential input voltage 
vs Low-level output current 

vs Supply voltage 
Large-signal differential voltage amplification vs Free-air temperature 

vs Frequency 

Supply current 
vs Supply voltage 
vs Free-air temperature 

Slew rate 
vs Supply voltage 
vs Free-air temperature 

Maximum peak-to-peak output voltage vs Frequency 

Unity-gain bandwidth 

Phase margin 

Phase shift 

Equivalent input noise voltage 

vs Supply voltage 
vs Free-air temperature 

vs Supply voltage 
vs Free-air temperature 
vs Load capacitance 

vs Frequency 

vs Frequency 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2322 
INPUT OFFSET VOLTAGE 

VOO=3V 
TA = 25°C 

40 PPackage 

30 I--+---+-+---+-

201-+--+-t-+-

101--t--+-+--

o '---'-----1._-'--_ 
-5 -4 -3 -2 -1 0 2 345 

VIO - Input Offset Voltage - mV 

Figure 1 

DISTRIBUTION OF TLV2324 
INPUT OFFSET VOLTAGE 

VOO=3V 
TA=25°c 
NPackage 

401---r~--t--+-

30 t---I--+--+--+-

20 t---I--+--+--+-

10 I---t---t--t--

0L..........l....--I_...I-_ 

-5 -4 -3 -2 -1 0 2 3 4 5 

VIO - Input Offset Voltage - mV 

Figure 3 
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DISTRIBUTION OF TLV2322 
INPUT OFFSET VOLTAGE 

VOO=5V 
TA = 25°C 

60 P Package 

501-+--+-t-+-

401-+--+-t-+-

301-+--+-t-+-

201-+--+-t-+-

101---+--+-+-

OL..-...L... ...... ..IiI:.ii

-5 -4 -3 -2 -1 0 2 3 4 5 

VIO - Input Offset Voltage - mV 

Figure 2 

DISTRIBUTION OF TLV2324 
INPUT OFFSET VOLTAGE 

70~~~-~~-r-~~-~~~ 

VOO=5V 
TA=25°c 

60 N Package 

501--+---+-+---+-

401--+---+-+---+-

30 I---I--+--+--+-

201---I--+--+--+-

10 I---+--+-+-

0L-..J........I....c::::= 
-5 -4 -3 -2 -1 0 2 3 4 5 

VIO - Input Offset Voltage - mV 

Figure 4 
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TYPICAL CHARACTERISTICS 

6-700 

DISTRIBUTION OF TLV2322 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

30 I----t----il---t----i-

20 f--+---II---I----1-

10 I---t----i-+_ 

OL.-....L..--....J--= 
-10 -8 -6 -4 -2 0 2 4 6 8 10 

20 

aVIO - Temperature Coefficient - /lVrC 

Figure 5 

DISTRIBUTION OF TLV2324 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

VOO=3V 
TA = 25°C to 85°C 
N Package 

101--+-f--+-

o L--'-_L.-....m 
-10 -8 -6 -4 -2 0 2 4 6 8 10 

aVIO - Temperature Coefficient - /lvrc 

Figure 7 
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DISTRIBUTION OF TLV2322 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

VOO=5V 
TA = 25°C to 85°C 

60 P Package --,----1-+--+-+--+--1 
Outliers: 

50 (1) 19.2 mV/oC 
(1) 12.1 mVrC 

40 1--+-1---+----1'-

30 1--+-1---+----1'-

20 1--+-1---+----1-

101--+-1---+-

OL.-..I...-L...III
-10 -8 -6 -4 -2 0 2 4 6 8 10 

aVIO - Temperature Coefficient - /lvrc 

Figure 6 

DISTRIBUTION OF TLV2324 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

70~~-~--'-~-~~-~~-~~ 

VOO=5V 
T A-'" 25°C to 85°C 

60 N Package Outliers: -+-1---+-1---+---1 
(1) 19.2 mVrC 
(1) 12.1 mVrC 

50~~~-~~-=±=~-+--+-+-~ 

40 1---+---1-+---+-

30 f--+----1-+----+-

20 f--+----1-+----+-

101--+-f--+-

OL.-..I..._L...III

-10 -8 -6 -4 -2 0 2 4 6 8 10 

aVIO - Temperature Coefficient - /lvrc 

Figure 8 
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TYPICAL CHARACTERISTICS 

0( 104 
CI. 
I 

INPUT BIAS CURRENT AND INPUT OFFSET 
CURRENT 

vs 
FREE-AIR TEMPERATURE 

Vee=3 V 
8 

COMMON-MODE INPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

TA=250C I 

~ 
~ 103 
::I 

VIC = 1 V 
See Note A 

u 
> 
I 

j 6 

Positive Limit 

/ 
'lii g 
"0 c 
IU .. 
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iii 
:; 
CI. 
.5 
I 
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"0 
C 
IU 

!!! 
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101 

0.1 
25 

1 

.I' 

I.' 
/' 

liB 
/ 

~ V 
110 

/ 

45 65 85 105 125 

TA - Free-Air Temperature - °C 

NOTE A: The typical values of input bias current and input offset 
current below 5 pA were determined mathematically. 

Figure 9 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

5~----~------~------~----~ 
VIC = 1 V 
VIC = 100mV 

> TA=25°C 
I 4~~--~~-----+-------+------~ 

t 
~ 
:; 3~----~~-----+~~~~------~ 
CI. 
:; 
o 

~ 2~~--~~-----+-------+------~ 
... 
:E 
I 
::t: o 

> 

O~----~------~------~----~ 
o -2 -4 -6 

10H - High-Level Output Current - mA 

Figure 11 
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Veo - Supply Voltage - V 

Figure 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VIC = 1 V 
VID=100mV 
RL=l MQ 
TA = 25°C 

/ 
/ 

/ 
/ 

/ 
2 4 6 

Vee - Supply Voltage - V 

Figure 12 
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TYPICAL CHARACTERISTICS 

> 
I 

GI 

I 
~ 
'5 a. 
'5 
0 
a; 
§ 
1:. 
III 
J: 
I 
:c 
0 

> 

> 
E 
I 

GI 
III 

! 
~ 
'5 
t 
0 

] 
~ ..... 
I 
..... 
~ 

6-702 
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2.4 

1.8 

1.2 

0.6 

o 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

II 
VOO=3V 
VIC = 1 V 
VIO= 100mV 

,. 

- ,. 
I / I 

IOH = -500 j.tA !J/ 1// IOH=-1 mA 
- IOH=-2mA 

----.l II IOH=-3mA 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 
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VOO=5V 
IOL=5mA -
TA=25°C 

\ 
\VID =-100 mV 

'" '\~ 
"-~"-~ 

VID=-1 V , 
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TA - Free-Air Temperature - °C 

Figure 13 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I I 
VOO=3V 
VIC = 1 V 
VIO =-100 mV 
IOL=1mA 
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VIC - Common-Mode Input Voltage - V 

Figure 14 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I J 
VOO=5V 

r- VIC=0.5V 
VIO =-1 V 

f- IOL=5mA 
V 

./ 
,./ 

..; /'" 
..,...... ,.,. 

-~ -~ -~ 0 ~ ~ ~ 100 1~ -~ -~ -~ 0 ~ ~ ~ 100 1~ 

TA - Free-Air Temperature - °C 

Figure 15 
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TYPICAL CHARACTERISTICS 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 
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Figure 17 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 
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IOL - Low-Level Output Current - mA 

Figure 18 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

RL= 1 MQ 
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2 4 6 S -~ -~ -~ 0 ~ ~ ~ 100 1~ 

VOD - Supply Voltage - V 

Figure 19 
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Figure 20 
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TYPICAL CHARACTERISTICS 
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Figure 21 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
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Figure 22 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
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VOO - Supply Voltage - V 

Figure 23 

TLV2324 
SUPPLY CURRENT 

vs 
FREE-AIR TEMPERATURE 
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Figure 24 
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Figure 25 
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TYPICAL CHARACTERISTICS 
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Figure 27 
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TYPICAL CHARACTERISTICS 
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PARAMETER MEASUREMENT INFORMATION 

single-supply versus split-supply test circuits 

Because the TLV232x is optimized for single-supply operation, circuit configurations used for the various tests 
often present some inconvenience since the input signal, in many cases, must be offset from ground. This 
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative 
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit gives 
the same result. 

voo voo+ 

Vo Vo 
VI VI 

CL RL CL RL 

-=- -=- Voo-
(8) SINGLE SUPPLY (b) SPLIT SUPPLY 

Figure 35. Unity-Gain Amplifier 

2k{l 2kO 

Voo 

112VOO >--....... 1-- Vo 

200 200 

(8) SINGLE SUPPLY 

1000 
VI--J'IIV\~*----I 

112 VOO------I 

10 k{l 

Voo 

Figure 36. Noise-Test Circuits 

100 0 

(8) SINGLE SUPPLY 
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Figure 37. Gain-of-100 Inverting Amplifier 
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input bias current 
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PARAMETER MEASUREMENT INFORMATION 

Because of the high input impedance of the TLV232x operational amplifier, attempts to measure the input bias 
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than 
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid 
erroneous measurements: 

• Isolate the device from other potential leakage sources. Use a grounded shield around and between the 
device inputs (see Figure 38). Leakages that would otherwise flow to the inputs are shunted away. 

• Compensate for the leakage of the test socket by actually performing an input bias current test (using a 
picoammeter) with no device in the test socket. The actual input bias current can then be calculated by 
subtracting the open-socket leakage readings from the readings obtained with a device in the test 
socket. 

Many automatic testers as well as some bench-top operational amplifier testers use the servo-loop 
technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is measured and the bias current is calculated). This method requires 
that a device be inserted into a test socket to obtain a correct reading; therefore, an open-socket reading 
is not feasible using this method. 

low-level output voltage 

8 -~ 5 a a a a 
r-+-+-- v = vIC 

4 

Figure 38. Isolation Metal Around Device Inputs 
(P package) 

To obtain low-level supply-voltage operation, some compromise is necessary in the input stage. This 
compromise results in the device low-level output voltage being dependent on both the common-mode input 
voltage level as well as the differential input voltage level. When attempting to correlate low-level output 
readings with those quoted in the electrical specifications, these two conditions should be observed. If 
conditions other than these are to be used, please refer to the Typical Characteristics section of this data sheet. 

input offset voltage temperature coefficient 

Erroneous readings often result from attempts to measure the temperature coefficient of input offset voltage. 
This parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) ofthe temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance that can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. These measurements should be 
performed at temperatures above freezing to minimize error. 

full-power response 

FUll-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is 
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PARAMETER MEASUREMENT INFORMATION 

generally measured by monitoring the distortion level ofthe output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 35. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency is then ihcreased until the maximum peak-to-peak output can no longer be maintained 
(Figure 39). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 

J1 A 
(a) f = 100 Hz (d) BOM >f> 100 Hz (d)f= BOM (d)f> BOM 

Figure 39. Full-Power-Response Output Signal 

test time 

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 

APPLICATION INFORMATION 

single-supply operation Voo 

6-710 

While the TLV232x performs well using dual
power supplies (also called balanced or split 
supplies), the design is optimized for single
supply operation. This includes an input common
mode voltage range that encompasses ground as 
well as an output voltage range that pulls down to 
ground. The supply voltage range extends down 
to 2 V, thus allowing operation with supply levels 
commonly available for TTL and HCMOS. 

I 

R1 

VI 

I TLE2426 f .y 

R2 

Vo 

(VOO-VI 
Vo= -2-) R2 + VOO 

R1 2 

Many single-supply applications require that a 
voltage be applied to one input to establish a 
reference level that is above ground. This virtual 
ground can be generated using two large 
resistors, but a preferred technique is to use a 

Figure 40. Inverting Amplifier With Voltage 
Reference 

virtua!~ground generator such as the TLE2428 (see Figuie 40). The TLE2426 supplies an accurate voiiage 
equal to Voo/2, while consuming very little power and is suitable for supply voltages of greater than 4 V. 
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APPLICATION INFORMATION 

single-supply operation (continued) 

The TLV232x works well in conjunction with digital logic; however, when powering both linear devices and digital 
logic from the same power supply, the following precautions are recommended: 

• Power the linear devices from separate bypassed supply lines (see Figure 41); otherwise, the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 

• Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency 
applications. 

input characteristics 

(a) COMMON-SUPPLY RAILS 

(b) SEPARATE-BYPASSED SUPPLY RAILS (preferred) 

Figure 41. Common Versus Separate Supply Rails 

The TLV232x is specified with a minimum and a maximum input voltage that, if exceeded at either input, could 
cause the device to malfunction. Exceeding this specified range is a common problem, especially in 
single-supply operation. The lower the range limit includes the negative rail, while the upper range limit is 
specified at VDD - 1 V at T A = 25°C and at VDD - 1.2 V at all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLV232x very good input 
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS 
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant 
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates the 
polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset 
voltage drift with time has been calculated to be typically 0.1 !lV/month, including the first month of operation. 

Because of the extremely high input impedance and resulting low bias-current requirements, the TLV232x is 
well suited for low-level signal processing; however, leakage currents on printed-circuit boards and sockets can 
easily exceed bias-current requirements and cause a degradation in device performance. It is good practice 
to include guard rings around inputs (similar to those of Figure 38 in the Parameter Measurement Information 
section). These guards should be driven from a low-impedance source at the same voltage level as the 
common-mode input (see Figure 42). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 
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input characteristics (ccmtinued) 

Vo 
Vi ---(f----j + ,---\}-----i + Vl------{f----j 

(a) NON INVERTING AMPLIFIER (b) INVERTING AMPLIFIER 

Figure 42. Guard-Ring Schemes 

(e) UNITY-GAIN AMPLIFIER 

noise performance 

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage 
differential amplifier. The low input bias-current requirements of the TLV232x result in a very low noise current, 
which is insignificant in most applications. This feature makes the device especially favorable over bipolar 
devices when using values of circuit impedance greater than 50 kn, since bipolar devices exhibit greater noise 
currents. 

feedback 

Operational amplifier circuits nearly always 
employ feedback, and since feedback is the first 
prerequisite for oscillation, caution is appropriate. 
Most oscillation problems result from driving 
capacitive loads and ignoring stray input 
capacitance. A small-value capacitor connected 
in parallel with the feedback resistor is an effective 
remedy (see Figure 43). The value of this 
capacitor is optimized empirically. 

electrostatic-discharge protection 

The TLV232x incorporates an internal Figure 43. Compensati.on for Input Capacitance 
electrostatic-discharge (ESD)-protection circuit 
that prevents functional failures at voltages up to 2000 V as tested under MIL-PRF-38535, Method 3015.2. Care 
should be exercised, however, when handling these devices as exposure to ESD can result in the degradation 
of the device parametric performance. The protection circuit also causes the input bias currents to be 
temperature dependent and have the characteristics of a reverse-biased diode. 

latch-up 

6-712 

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV232x inputs 
and outputs are designed to withstand -100-mA surge currents without sustaining latch-up; however, 
techniques should be used to reduce the chance of latch-up whenever possible. Internal-protection diodes 
should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage 
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APPLICATION INFORMATION 

by more than 300 mY. Care should be exercised when using capacitive coupling on pulse generators. Supply 
transients should be shunted by the use of decoupling capacitors (0.1 ~F typical) located across the supply rails 
as close to the device as possible. 

The current path established if latch-up occurs is usually between the positive supply rail and ground and can 
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply 
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the 
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of 
latch-up occurring increases with increasing temperature and supply voltages. 

output characteristics 

The output stage of the TLV232x is designed to 
sink and source relatively high amounts of current 
(see Typical Characteristics). If the output is 
subjected to a short-circuit condition, this 
high-current capability can cause device damage 
under certain conditions. Output current capability 
increases with supply voltage. 

R1 

+ 

R2 

voo 

~ 
Rp 

+'L 

IL~ RL 

-=-

voo - Vo 
R = 

P IF + IL + Ip 
Vo 

Ip = Pullup Current 
Required by the 
Operational Amplifier 
(typically SOD !lA) Although the TLV232x possesses excellent 

high-level output voltage and current capability, 
methods are available for boosting this capability, 
if needed. The simplest method involves the use 
of a pull up resistor (Rp) connected from the output 
to the positive supply rail (see Figure 44). There 
are two disadvantages to the use of this circuit. 
First, the NMOS pulldown transistor N4 (see 
equivalent schematic) must sink a comparatively 
large amount of current. In this circuit, N4 behaves 
like a linear resislorwith an on resistance between 
approximately 60 Q and 180 Q depending on how 
hard the operational amplifier input is driven. With 
very low values of Rp, a voltage offset from 0 V at 
the output occurs. Secondly, pullup resistor Rp 
acts as a drain load to N4 and the gain of the 
operational amplifier is reduced at output voltage 
levels where N5 is not supplying the output 
current. 

Figure 44. Resistive Pullup to Increase VOH 

2.5 V 

TA=25°C 
f=1 kHz 
VI(PP) = 1 V 

Vo 

-2.5 V 

All operating characteristics of the TLV232x are 
measured using a 20-pF load. The device drives 

Figure 45. Test Circuit for Output Characteristics 

higher capacitive loads; however, as output load capacitance increases, the resulting response pole occurs at 
lower frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 45 and Figure 46). In many 
cases, adding some compensation in the form of a series resistor in the feedback loop alleviates the problem. 
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output characteristics (continued) 
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(b) CL = 260 pF, RL = NO LOAD 

Figure 46. Effect of Capacitive Loads 
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• Wide Range of Supply Voltages Over 
Specified Temperature Range: 

TA = -40°C to 85°C .•• 2 V to 8 V 

• Fully Characterized at 3 V and 5 V 

• Single-Supply Operation 

• Common-Mode Input-Voltage Range 
Extends Below the Negative Rail and up to 
Voo-1 Vat TA = 25°C 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance •.. 1012 Q Typ 

• ESD-Protection Circuitry 

• Designed-In Latch-Up Immunity 

description 

The TLV233x operational amplifiers are in a family 
of devices that has been specifically designed for 
use in low-voltage single-supply applications. 
Unlike the· TLV2322 which is optimized for 
ultra-low power, the TLV233x is designed to 
provide a combination of low power and good ac 
performance. Each amplifier is fully functional 
down to a minimum supply voltage of 2 V, is fully 
characterized, tested, and specified at both 3-V 
and 5-V power supplies. The common-mode 
input-voltage range includes the negative rail and 
extends to within 1 V of the positive rail. 

Having a maximum supply current of only 31 0 J,LA 
per amplifier over full temperature range, the 
TLV233x devices offer a combination of good ac 
performance and microampere supply currents. 
From a 3-V power supply, the amplifier'S typical 
slew rate is 0.38 V/~ and its bandwidth is 
300 kHz. 

TLV2332 
D OR P PACKAGE 

(TOP VIEW) 

10ur[]8 VDO 
11N- 2 7 20UT 
11N+ 3 6 21N-

VDD_/GND 4 5 21N+ 

TLV2332 
PWPACKAGE 

(TOP VIEW) 

10UTOO VDD+ 
11N- 2 20UT 
11N+ 3 21N-

VDD_/GND 4 21N+ 

TLV2334 
D OR N PACKAGE 

(TOP VIEW) 

10UT 
11N

lIN+ 

VDD+ 
21N+ 
2N-

10UT 
11N-
11N+ 

VDO+ 
21N+ 
21N-

20Ur 

40UT 
41N-
41N+ 

VOD-/GND 
31N+ 
31N-
30UT 

TLV2334 
PWPACKAGE 

(TOP VIEW) 

40UT 
41N-
41N+ 
VOO-/GND 
31N+ 
31N-
30Ur 

AVAILABLE OPTIONS 

PACKAGI:D DEVICES 

TA 
V,omax 

SMALL OUTLlNEt TSSOP* AT 25°C PLASTIC DIP PLASTIC DIP 
(D) (N) (P) (PW) 

9mV TLV233210 - TLV23321P TLV23321PWLE 
-40°C to 85°C 

10mV TLV233410 TLV2334IN - TLV23341PWLE 

tThe D package IS available taped and reeled. Add R suffiX to the deVice type (e.g., TLV233210R). 
* The PW package is only available left-end taped and reeled (e.g., TLV2332IPWLE). 
§ Chip forms are tested at 25°C only. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

CHIP FORM9 

M 

TLV2332Y 

TLV2334Y 

=~~~:1:.~:':.lspercu::m'::lIe:!=r: 
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description (continued) 

These amplifiers offer a level of ac performance greater than that of many other devices operating at 
comparable power levels. The TLV233x operational amplifiers are especially well suited for use in low-current 
or battery-powered applications. 

Low-voltage and low-power operation has been made possible by using the Texas Instruments silicon-gate 
LinCMOSTM technology. The LinCMOS process also features extremely high input impedance and ultra-low bias 
currents making these amplifiers ideal for interfacing to high-impedance sources such as sensor circuits or filter 
applications. 

To facilitate the design of small portable equipment, the TLV233x is made available in a wide range of package 
options, including the small-outline and thin-shrink small-outline package (TSSOP). The TSSOP package has 
significantly reduced dimensions compared to a standard surface-mount package. Its maximum height of only 
1.1 mm makes it particularly attractive when space is critical. 

The device inputs and outputs are designed to withstand -100-mA currents without sustaining latch-up. The 
TLV233x incorporates .internal ESO-protection circuits that prevents functional failures at voltages up to 
2000 V as tested under MIL-STO 883C, Method 3015.2; however, care should be exercised in handling these 
devices as exposure to ESO may result in the degradation of the device parametric performance. 

TLV2332Y chip information 

6-716 

This chip, when properly assembled, display characteristics similar to the TLV2332. 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 
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11N+ 

11N-

20UT ~+ (5) 21N+ 

_ (6) 21N

(4) 

VDD_/GND 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNAUY CONNECTED 
TO EiACKSIDE OF CHIP. 
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TLV2334Y chip information 

-= -= -= -= 
-= -= 

-= -= 

-= 
-= 
-= -= -= -= 

This chip, when properly assembled, displays characteristics similar to the TLV2334. 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 

I'll 108 ~ 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
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11N+ (3) 

11N- (2) 

21N+ ~
5) 

+ (7) 
(6) 

21N-

~10). + (8) 
(9) 

31N+ 

31N-

(12) 
41N+ 

41N- (13) 

VDD-/GND 

10UT 

20UT 

30UT 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJrnax = 150°C 

TOLERANCES ARE ±1 0%. 

ALL DIMENSIONS ARE IN MILS. 
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equivalent schematic (each amplifier) 

IN+--------~--------+_----~ 

Voo 

R6 

N5 

P5 P6 

N3 
~----------~-------4-0UT 
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N4 

02 

GNO 

ACTUAL DEVICE COMPONENT COUNTt 

COMPONENT TLV2332 TLV2334 

Transistors 54 108 

Resistors 14 28 

Diodes 4 8 

Capacitors 2 4 

t Includes both amplifiers and aU ESD, bias, and trim 
circuitry. 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 

Supply voltage, Voo (see Note 1) ............................................................ 8 V 
Differential input voltage, VIO (see Note 2) .................................................. VOD± 
Input voltage range, VI (any input) ................................................... -0.3 V to VDO 
Input current, II ......................................................................... ±5 mA 
Output current, 10 ...................................................................... ±30 mA 
Duration of short-circuit current at (or below) TA = 25°C (see Note 3) ........................ unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A ........................................... -40°C to 85°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
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 (see application section). 

DISSIPATION RATING TABLE 

PACKAGE 
TA",25°C DERATING FACTOR 

POWER RATING ABOVE TA = 25°C 

D-8 725mW 5.8 mW/oC 

1)-14 950mW 7.6mW/oC 

N 1575mW 12.6mW/"C 

P 1000mW 8.0mW/oC 

PW-8 525mW 4.2mW/oC 

PW-14 700mW 5.6mW/oC 

recommended operating conditions 

Supply voltage, VDD 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

I VDD = 3 V 

I VDD=5V 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TA = 85°C 
POWER RATING 

377mW 

494mW 

819mW 

520mW 

273mW 

364mW 

MIN MAX UNIT 

2 8 V 

-0.2 1.8 
V 

-0.2 3.8 

-40 85 °C 
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TLV23321 electrical characteristics at specified free-air temperature 

PARAMETER 
TEST 

TAt VOO=3V CONOITIONS 
MIN TYP 

VO=1 V, 25°C 0.6 

Via Input offset voltage VIC=1 V, 
RS=500, 

Full range 
RL= 100kn 

Average temperature coefficient of 25°C to 
1 OtVIO input offset voltage 85°C 

VO=1 V, 25°C 0.1 
110 Input offset current (see Note 4) 

VIC=1 V 85°C 22 

VO=1 V; 25°C 0.6 
liB Input bias current (see Note 4) 

VIC=1 V 85°C 175, 

-0.2 -0.3 
25°C to to 

Common-mode input 2 2.3 
VICR voltage range (see Note 5) -0.2 

Full range to 
1.8 

VIC=1 V, 25°C 1.75 1.9 
VOH High-level output voltage VIO= 100mV, 

IOH=-1 rnA Full range 1.7 

VIC=1 V, 25°C 115 
VOL Low-level output voltage VIO = -100 mY, 

10L= 1 rnA Full range 

Large-signal differential VIC=1 V, 25°C 25 83 
AVO voltage amplification RL= 100kO, 

See Note 6 Full range 15 

VO=1 V, 25°C 65 92 
CMRR Common-mode rejection ratio VIC = VICRmin, 

RS=500 Full range 60 

Supply-voltage rejection ratio VIC=1 V, 25°C 70 94 
ksVR (aVOO/aVIO) 

VO= 1 V, 
RS=500 Full range 65 

VO= 1 V, 25°C 160 
100 Supply current VIC=1 V, 

No load Full range 

t Full range is -40°C to 85°C. 

TLV23321 

VOO=5V 

MAX MIN TYP 

9 1.1 

11 

1.7 

0.1 

1000 24 

0.6 

2000 200 

-0.2 -0.3 
to to 
4 4.2 

-0.2 
to 

3.8 

3.2 3.9 

3 

150 95 

190 

25 170 

15 

65 91 

60 

70 94 

65 

500 210 

620 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 
5. This range also applies to each input individually. 
6. AtVOO=5 V, Va = 0.25 Vt02 V; atVOO =3 V, Va =0.5 Vto 1.5 V. 
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UNIT 

MAX 

9 
mV 

11 

llV/oC 

1000 
pA 

2000 
pA 

V 

V 

150 
mV 

190 

V/mV 

dB 

dB 

560 
IlA 

800 
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TLV23321 operating characteristics at specified free-air temperature, VDD = 3 V 
TlV23321 

PARAMETER TEST CONDITIONS TA MIN TYP MAX 
UNIT 

VIC=l V, VI(PP) = 1 V, 25°C 0.38 
SR Slew rate at unity gain RL = 100 ko, CL=20pF, V/iJ,S 

See Figure 34 85°C 0.29 

Vn Equivalent input noise voltage 
1=1 kHz, RS =20 0, 

25°C 32 nV/Kz 
See Figure 35 

VO=VOH, CL =20 pF, 25°C 34 
BOM Maximum output-swing bandwidth kHz 

RL = 100 ko, See Figure 34 85°C 32 

VI=10mV, CL=20 pF, 25°C 300 
Bl Unity-gain bandwidth kHz 

RL = 100 kQ, See Figure 36 85°C 235 

VI= 10mV, I=B1, -40°C 42° 

<!1m Phase margin CL=20pF, RL= 100kQ, 25°C 39° 
See Figure 36 85°C 36° 

TLV23321 operating characteristics at specified free-air temperature, VDD = 5 V 
TLV23321 

PARAMETER TEST CONDITIONS TA MIN TYP MAX 
UNIT 

VIC=l V, 
25°C 0.43 

RL = 100 kQ, 
VI(PP)= 1 V 

85°C 0.35 
SR Slew rate at unity gain V/IlS 

CL =20 pF, 25°C 0.40 
See Figure 34 VI(PP) = 2.5 V 

85°C 0.32 

Vn Equivalent input noise voltage 
1=1 kHz, RS =200, 

25°C 32 nV/Kz 
See Figure 35 

VO=VOH, CL=20pF, 25°C 55 
BOM Maximum output-swing bandwidth kHz 

RL = 100 kQ, See Figure 34 85°C 45 

VI=10mV, CL=20pF, 25°C 525 
Bl Unity-gain bandwidth kHz 

RL= 100kQ, See Figure 36 85°C 370 

VI=10mV, I=Bl, -40°C 43° 

<Pm Phase margin CL=20 pF, RL= 100 kQ, 25°C 40° 
See Figure 36 85°C 38° 
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TLV2~341 electrical characteristics at specified free-air temperature 

PARAMETER TEST CONDITIONS TAt VOO=3V 

MIN TYP 

Vo = 1 V, VIC = 1 V, 25°C 0.6 
VIO Input offset voltage RS=500, 

RL = 100 kfl Full range 

Average temperature coefficient 25°C to 
1 aVIO of input offset voltage 85°C 

25°C 0.1 
110 Input offset current (see Note 4) VO=l V, VIC=l V 

85°C 22 

25°C 0.6 
liB Input bias current (see Note 4) VO=l V, VIC=l V 

85°C ' 175 

-0.2 -0.3 
25°C to to 

Common-mode input voltage 2 2.3 
VICR range (see Note 5) -0.2 

Full range to 
1.8 

VIC=l V, 25°C 1.75 1.9 
VOH High-level output vOltage VIO= 100mV, 

IOH=-l mA Full range 1.7 

VIC=l V, 25°C 115 
VOL Low-level output voltage VIO =-100 mV, 

IOL=l mA Full range 

Large-signal differential VIC=l V, 25°C 25 83 
AVO RL = 100 ko, voltage amplification 

See Note 6 Full range 15 

VO=l V, 25°C 65 92 
CMRR Common-mode rejection ratio VIC = VICRmin, 

RS=500 Full range 60 

Supply-voltage rejection ratio VOO = 3 Vto 5 V, 25°C 70 94 
kSVR VIC = 1 V, Vo = 1 V, 

(dVOO/dVIO) 
RS=500 Full range 65 

VO=lV, VIC=l V, 25°C 320 
100 Supply current No load Full range 

t Full range IS -40°C to 85°C. 

TLV23341 

VOO=5V 

MAX MIN TYP 

10 1.1 

12 

1.7 

0.1 

1000 24 

0.6 

2000 200 

-0.2 -0.3 
to to 
4 4.2 

-0.2 
to 

3.8 

3.2 3.9 

3 

150 95 

190 

25 170 

15 

65 91 

60 

70 94 

65 

1000 420 

1200 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 

6-722 

5. This range also applies to each input individually. 
6. AtVOO = 5 V, Vo =0.25 Vt02V; atVOO =3 V, Vo =0.5 Vto 1.5 V. 
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UNIT 

MAX 

10 
mV 

12 

JlVloC 

1000 
pA 

2000 
pA 

V 

V 

V 

150 
mV 

190 

VlmV 

dB 

dB 

1120 

1600 
JlA 
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TLV23341 operating characteristics at specified free-air temperature, Voo = 3 V 
TLV23341 

PARAMETER TEST CONDITIONS TA 
MIN TYP 

VIC= 1 v, VI(PP) = 1 V, 25°C 0.38 
SR Slew rate at unity gain RL = 100 kO, CL=20pF, 

See Figure 34 85°C 0.29 

Vn Equivalent input noise voltage 
1= 1 kHz, RS=20Q, 

25°C 32 See Figure 35 

VO=VOH, CL=20pF, 25°C 34 
BOM Maximum output-swing bandwidth 

RL = 100 kO, See Figure 34 85°C 32 

VI=10mV, CL= 20 pF, 25°C 300 
Bl Unity-gain bandwidth 

RL = 100 kO, See Figure 36 85°C 235 

VI=10mV, -40°C 42° 
I=Bl, 

«i>m Phase margin CL=20pF, 
RL= l00kO, 25°C 39° 

See Figure 36 85°C 36° 

TLV23341 operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output-swing bandwidth 

Bl Unity-gain bandwidth 

«i>m Phase margin 

TEST CONDITIONS 

VIC=l V, 
RL = 100 kO, 

VI(PP)= 1 v 

CL=20pF, 
See Figure 34 VI(PP) = 2.5 V 

1= 1 kHz, RS=20O, 
See Figure 35 

VO=VOH, CL=20pF, 
RL = 100 kO, See Figure 34 

VI=10mV, CL=20pF, 
RL = 100 kO, See Figure 36 

VI=10mV, I=B1, 
CL=20pF, RL = 100 kO, 
See Figure 36 
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TLV23341 
TA 

MIN TYP 

25°C 0.43 

85°C 0.35 

25°C 0.40 

85°C 0.32 

25°C 32 

25°C 55 

85°C 45 

25°C 525 

85°C 370 

-40°C 43° 

25°C 40° 

85°C 38° 

MAX 
UNIT 

V/JLS 

nV/v'Hz 

kHz 

kHz 

MAX 
UNIT 

V/JLS 

nV/v'Hz 

kHz 

kHz 
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TLV2332Y electrical characteristics, T A = 25°C 

PARAMETER TEST CONOITIONS 

Via Input offset voltage 
VO= 1 V. VIC=1 V. 
RS=50n. RL=100kQ 

110 Input offset current (see Note 4) VO=1 V. VIC=1 V 

liB Input bias current (see Note 4) VO= 1 V. VIC= 1 V 

Common·mode input voltage 
VICR range (see Note 5) 

VOH High·level output voltage VIC= 1 V. VID= 100mV. 
IOH=-1 mA 

VOL Low·level output voltage VIC= 1 V. VIO= 100mV. 
10L= 1 mA 

AVD 
Large·signal differential voltage VIC=1 V. RL = 100 kQ, 
amplification See Note 6 

CMRR Common·mode rejection ratio 
VO=1 V. VIC = VICRmin. 
RS=50Q 

kSVR 
Supply·voltage rejection ratio VO=1 V. VIC=1 V. 
(AVOO/AVIO) RS=50Q 

IDO Supply current 
VO= 1 V. VIC= 1 V. 
No load 

TLV2332Y 

VOo=3V VOO=5V 

MIN TVP "!lAX MIN TVP 

0.6 1.1 

0.1 0.1 

0.6 0.6 

-0.3 -0.3 
to to 

2.3 4.2 

1.9 3.9 

115 95 

83 170 

92 91 

94 94 

160 210 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 

6-724 

5. This range al,so applies to each input individually. 
6. AtVOO = 5 V. VO= 0.25 Vto 2 V; at VOO =3 V. VO= 0.5 Vto 1.5 V. 
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UNIT 

MAX 

mV 

pA 

pA 

V 

V 

mV 

V/mV 

dB 

dB 

JlA 
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TLV2334Y electrical characteristics, TA = 25°C 
TLV2334V 

PARAMETER TEST CONDITIONS VDD",3V VDD"'SV 

MIN TVP MAX MIN TVP 

Via Input offset voltage 
Va'" 1 V, V'C= 1 V 0.6 1.1 
RS=50n. RL",100kQ 

',0 Input offset current (see Note 4) Va'" 1 V, V,C=1 V 0.1 0.1 

liB Input bias current (see Note 4) VO= 1 V, V,C=1 V 0.6 0.6 

Common-mode input voltage 
-0.3 -0.3 

V,CR to to 
range (see Note 5) 

2.3 4.2 

VOH High-level output voltage 
V,C=1 V, V,D = 100 mV, 

1.9 3.9 
'OH=-1 rnA 

VOL Low-level output voltage 
V,C=1 V, V,O=-100mV, 

115 95 
IOL=1 rnA 

AVO 
Large-signal differential voltage V'C = 1 V, RL = 100 kQ, 

83 170 
amplification See Note 6 

CMRR Common-mode rejection ratio 
VO= 1 V, V'C = V,CRmin, 92 91 
RS=50Q 

kSVR 
Supply-voltage rejection ratio V,C=1 V, Va", 1 V, 

94 94 
(L\Voo/L\VID) RS=50Q 

100 Supply current 
VO= 1 V, V,C=1 V, 

320 420 
No load 

NOTES: 4. The typical values of input bias current offset current below 5 pA are determined mathematically. 
5. This range also applies to each input individually. 
6. AtVOO=5 V, Va = 0.25 Vt02 V; atVDO = 3 V, Va =0.5 Vlo 1.5 V. 
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UNIT 

MAX 

mV 

pA 

pA 

V 

V 

mV 

V/mV 

dB 

dB 

IJ.A. 
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VIO 

aVIO 

liB 

110 

VIC 

VOH 

VOL 

AVD 

IDD 

SR 

VO(PP) 

61 

<Pm 

Vn 
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TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage Distribution 

Input offset voltage temperature coefficient Distribution 

Input bias current vs Free-air temperature 

Input offset current vs Free-air temperature 

Common-mode input voltage vs Supply voltage 

vs High-level output current 
High-level output voltage vs Supply voltage 

vs Free-air temperature 

vs Common-mode input voltage 

Low-level output voltage 
vs Free-air temperature 
vs Differential input voltage 
vs Low-level output current 

vs Supply voltage 
Large-signal differential voltage amplification vs Free-air temperature 

vs Frequency 

Supply current 
vs Supply voltage 
vs Free-air temperature 

Slew rate 
vs Supply voltage 
vs Free-air temperature 

Maximum peak-to-peak output voltage vs Frequency 

Unity-gain bandwidth 
vs Supply voltage 
vs Free-air temperature 

vs Supply voltage 
Phase margin vs Free-air temperature 

vs Load capacitance 

Phase shift vs Frequency 

Equivalent input noise voltage vs Frequency 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2332 
INPUT OFFSET VOLTAGE 

30 1---1--+-+--+-

201---1--+-+--+-

101---t--t-+--

o I---I---J._..I......_ 

-5 -4 -3 -2 -1 0 2 3 4 
VIO - Input Offset Voltage - mV 

Figure 1 

DISTRIBUTION OF TLV2334 
INPUT OFFSET VOLTAGE 

5 

50~~~-~-r-~~~-~-r~ 

VOO=3V 
TA=25°c 
N Package 

401---t--t--1---t--

30 1-+-+-1---1-

201-+-+-1---1-

101--+--+--1--

01---1---1._..1......_ 

-5 -4 -3 -2 -1 0 2 3 4 5 

VIO - Input Offset Voltage - mV 

Figure 3 

DISTRIBUTION OF TLV2332 
INPUT OFFSET VOLTAGE 

VOO=5V 
TA = 25°C 

50 P Package 

30 I---t--t--I---t-

201---1--+-+--+-

101---t--t--+---

-5 -4 -3 -2 -1 0 2 3 
VIO - Input Offset Voltage - mV 

Figure 2 

DISTRIBUTION OF TLV2334 
INPUT OFFSET VOLTAGE 

VOO=5V 
TA = 25°C 

4 5 

50 N Package 1--+--+-+--+-1--+---1 

401----1--1-+--+-=1=-1--1-+--+--1 

30 1----+--+--1--1-

201---t--t-+--+-

10 I----+--+-+_ 

0 ........ """"'''''''''' 
-5 -4 -3 -2 -1 0 2 345 

VIO - Input Offset Voltage - mV 

Figure 4 
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TYPICAL CHARACTERISTICS 

tfI. 
I 

DISTRIBUTION OF TLV2332 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

VOO=3V 
TA =.25°e to 85°e 

~ 30 I---+--+-+---+
::I 

'0 

f~ 

tfI. 
I 

&! 
:3 
'0 

J 

101---+--+-+-

O~-'---'--

-10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 
(lVIO - Temperature Coefficient - v-vpc 

Figure 5 

DISTRIBUTION OF TLV2334 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

VOO=3V 
TA = 25°e to 85°C 
NPackage 

40 I---I---+-+--~ 

30 I--~-+-+-~ 

20 

10 I---+--I---If-

O~-'---'--

-10 -8 -6 -4 -2 0 2 4 6 8 10 

(lVIO - Temperature Coefficient - v-VPC 

Figure 7 

tfI. 
I 

~ c 
::I 

DISTRIBUTION OF TLV2332 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

VOO=5V 
TA = 25°C to 85°C 

50 PPackage 
Outliers: 
(1)33mVPC 

'0 301---+--+-+---+-

f 
o Ll...a:li:!dm 
-10 -8 -6 -4 -2 0 2 4 6 8 10 

(lVIO - Temperature Coefficient - v-VPC 

Figure 6 

DISTRIBUTION OF TLV2334 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

VOO=5V 
TA = 25°C to 85°C 

50 N Package 
Outliers: 
(1)33 mVPC 

40 I--~-+-+--t-

30 1--+--+-+--1-

201--+--+-t-::±:: 

10 I---+--+--If-

o L-..LIII __ _ 
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(lVIO - Temperature Coefficient - v-VPC 

Figure 8 
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TYPICAL CHARACTERISTICS 

Gi g 

INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

I= VOO=3V 
~VIC=1 V 
l=!>eeN~~~ 

'[ 102 
.5 

liB 
/ 

~ 
V ./ 

110 = 101 iii 
'[ 
.5 
I 

g. 
." 
C .. 

"" 

~ 0.1 /' 

25 45 65 85 105 125 
TA - Free-Air Temperature - °C 

NOTE: The typical values of input biaS current and input offset 
current below 5 pA were determined mathematically. 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 11 
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COMMON-MODE INPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

I 
TA = 25°C 
Positive Limit / 

/ 
/ 

V 
/ 

V 

2 4 6 

VOO - Supply Voltage - V 

Figure 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VIC=1 V 
VIO=100mV 
RL = 100 k.Q 

TA=25°C 

/ 
/ 
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/ 

V 
2 4 6 

VOO - Supply Voltage - V 

Figure 12 
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TYPICAL CHARACTERISTICS 
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1.8 
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0.6 

o 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VOO=3V 
VIC = 1 V 
VID= 100mV 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
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PARAMETER MEASUREMENT INFORMATION 

single-supply versus split-supply test circuits 

Because the TLV233x is optimized for single-supply operation, circuit configurations used for the various tests 
often present some inconvenience since the input signal, in many cases, must be offset from ground. This 
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative 
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit gives 
the same result. 

Voo voo+ 

~---'---'----'---Vo ~---'---'----'---Vo 

Voo-
(s) SINGLE SUPPLY (b) SPLIT SUPPLY 

Figure 34. Unity-Gain Amplifier 
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112 Voo 

20Q 20Q 

Voo-

(s) SINGLE SUPPLY (b) SPLIT SUPPLY 

Figure 35. Noise-Test Circuit 
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(8) SINGLE SUPPLY 

Figure 36. Gain-of-100 Inverting Amplifier 
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PARAMETER MEASUREMENT INFORMATION 

Because of the high input impedance of the TLV233x operational amplifier, attempts to measure the input bias 
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than 
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid 
erroneous measurements: 

• Isolate the device from other potential leakage sources. Use a grounded shield around and between the 
device inputs (see Figure 37). Leakages that would otherwise flow to the inputs are shunted away. 

• Compensate for the leakage of the test socket by actually performing an input bias current test (using a 
picoammeter) with no device in the test socket. The actual input bias current can then be calculated by 
subtracting the open-socket leakage readings from the readings obtained with a device in the test 
socket. 

Many automatic testers as well as some bench-top operational amplifier testers use the servo-loop 
technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is measured and the bias current is calculated). This method requires 
that a device be inserted into a test socket to obtain a correct reading; therefore, an open-socket reading 
is not feasible using this method. 

8 5 

Q Q Q Q 

Q Q Q 
4 

Figure 37. Isolation Metal Around Device Inputs (P package) 

low-level output voltage 

To obtain low-level supply-voltage oper!ltion, some compromise is necessary in the input stage. This 
compromise results in the device low-level output voltage being dependent on both the common-mode input 
voltage level as well as the differential input voltage level. When attempting to correlate low-level output 
readings with those quoted in the electrical specifications, these two conditions should be observed. If 
conditions other than these are to be used, please refer to the Typical Characteristics section of this data sheet. 

input offset voltage temperature coefficient 

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This 
parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance which can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. These measurements should be 
performed at temperatures above freezing to minimize error. 

full-power response 

Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is 
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generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 34. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 38). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 

J1 A 
(a) f = 100 Hz (b) BOM >f> 100 Hz {c)f=BOM {d)f>BOM 

Figure 38. Full-Power-Response Output Signal 

test time 
Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 

APPLICATION INFORMATION 

single-supply operation 

6-738 

While the TLV233x performs well using dual
power supplies (also called balanced or split 
supplies), the design is optimized for single
supply operation. This includes an input common
mode voltage range that encompasses ground as 
well as an output voltage range that pulls down to 
ground. The supply voltage range extends down 
to 2 V, thus allowing operation with supply levels 
commonly available for TTL and HCMOS. 

Voo 

R1 
VI -+'VV'Ir--'--I 

TLE2426 1------1 

R2 

>---+--VO 
Many single-supply applications require that a 
voltage be applied to one input to establish a 
reference level that is above ground. This virtual 
ground can be generated using two large 
resistors, but a preferred technique is to use a 
virtual-ground generator such as the TLE2426 
(see Figure 39). 

Figure 39. Inverting Amplifier With Voltage 
Reference 
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single-supply operation (continued) 

The TLE2426 supplies an accurate voltage equal to Vool2, while consuming very little power and is suitable 
for supply voltages of greater than 4 V. The TLV233x works well in conjunction with digital logic; however, when 
powering both linear devices and digital logic from the same power supply, the following precautions are 
recommended: 

• Power the linear devices from separate bypassed supply lines (see Figure 40); otherwise, the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 

• Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency 
applications. 

(a) COMMON-5UPPLY RAILS 

(b) SEPARATE-BYPASSED SUPPLY RAILS (preferred) 

Figure 40. Common Versus Separate Supply Rails 

input characteristics 

The TLV233x is specified with a minimum and a maximum input voltage that, if exceeded at either input, could 
cause the device to malfunction. Exceeding this specified range is a common problem, especially in 
single-supply operation. The lower the range limit includes the negative rail, while the upper range limit is 
specified at Voo - 1 V at TA = 25°C and at VOO - 1.2 V at all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLV233x very good input 
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS 
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant 
implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates the 
polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset 
voltage drift with time has been calculated to be typically 0.1 !lV/month, including the first month of operation. 

Because of the extremely high input impedance and resulting low bias-current requirements, the TLV233x is 
well suitedfor low-level signal processing; however, leakage currents on printed-circuit boards and sockets can 
easily exceed bias-current requirements and cause a degradation in device performance. 
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input characteristics (continued) 

It is good practice to include guard rings around inputs (similar to those of Figure 37 in the Parameter 
Measurement Information section). These guards should be driven from a low-impedance source at the same 
voltage level as-the common-mode input (see Figure 41). . 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 

Vo >-__i�- Vo 
VI ---(l---I VI -----{l---I 

(8) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER 

Figure 41. Guard-Ring Schemes 

(e) UNITY-GAIN AMPLIFIER 

noise performance 

The noise specifications in operational amplifiers circuits are greatly dependent on the current in the first-stage 
differential amplifier. The low input bias-current requirements of the TLV233x results in a very low noise current, 
which is insignificant in most applications. This feature makes the device especially favorable over bipolar 
devices when using values of circuit impedance greater than 50 !<n, since bipolar devices exhibit greater noise 
currents. 

feedback 

Operational amplifiers circuits nearly always 
employ feedback, and since feedback is the first 
prerequisite for oscillation, caution is appropriate. 
Most oscillation problems result from driving 
capacitive loads and ignoring stray input 
capacitance. A small-value capacitor connected 
in parallel with the feedback resistor is an effective 
remedy (see Figure 42). The value of this 
capacitor is optimized empirically. 

electrostatic-discharge protection Figure 42. Compensation for Input Capacitance 

6-740 

The TLV233x incorporates an internal electrostatic-discharge (ESO)-protection circuit that prevents functional 
failures at voltages up to 2000 V as tested under MIL-PRF-38535. Method 3015.2. Care should be exercised, 
however, when handling these devices as exposure to ESO may result in the degradation of the device 
parametric performance. The protection circuit also causes the input bias currents to be temperature dependent 
and have the characteristics of a reverse-biased diode. 
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latch-up 

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV233x inputs 
and outputs are designed to withstand -100-mA surge currents without sustaining latch-up; however, 
techniques should be used to reduce the chance of latch-up whenever possible. Internal-protection diodes 
should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage 
by more than 300 mY. Care should be exercised when using capacitive coupling on pulse generators. Supply 
transients should be shunted by the use of decoupling capacitors (0.1IlF typical) located across the supply rails 
as close to the device as possible. 

The current path established if latch-up occurs is usually between the positive supply rail and ground and can 
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply 
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the 
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of 
latch-Up occurring increases with increasing temperature and supply voltages. 

output characteristics 

The output stage of the TLV233x is designed to 
sink and source relatively high amounts of current 
(see Typical Characteristics). If the output is 
subjected to a short-circuit condition, this high
current capability can cause device damage 
under certain conditions. Output current capability 
increases with supply voltage. 

R2 

R1 

Voo 

Rp 
Voo - Vo 

R - .,....",=.---.,..::~ 
P - IF + IL + Ip 

Vo Ip = Pullup Current 
Required by the 
Operational Amplifier 
(typically SOD ~) 

Although the TLV233x possesses excellent 
high-level output voltage and current capability, 
methods are available for boosting this capability 
if needed. The simplest method involves the use 
of a pullup resistor (Rp) connected from the output 
to the positive supply rail (see Figure 43). There 
are two disadvantages to the use of this circuit. 
First, the NMOS pulldown transistor N4 (see 
equivalent schematic) must sink a comparatively 
large amount of current. In this circuit, N4 behaves 
like a linear resistor with an on resistance between 
approximately 60 Q and 180 Q, depending on 
how hard the operational amplifier input is driven. 
With very low values of Rp, a voltage offset from 
o V at the output occurs. Secondly, pullup resistor 
Rp acts as a drain load to N4 and the gain of the 
operational amplifier is reduced at output voltage 
levels where N5 is not supplying the output 
current. 

Figure 43. Resistive Pull Up to Increase VOH 

2.SV 

TA=2S0 C 
f = 1 kHz 
VI(PP)= 1 V 

Vo 

-2.SV 

Figure 44. Test Circuit for Output Characteristics 

All operating characteristics of the TLV233x are measured using a 20-pF load. The device drives higher 
capacitive loads; however, as output load capacitance increases, the resulting response pole occurs at lower 
frequencies thereby causing ringing, peaking, or even oscillation (see Figure 44 and Figure 45). In many cases, 
adding some compensation in the form of a series resistor in the feedback loop alleviates the problem. 
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APPLICATION INFORMATION 

output characteristics (continued) 

(a) CL = 20 pF, RL = NO LOAD 

6-742 

(b) CL = 170 pF, RL = NO LOAD 

Figure 45. Effect of Capacitive Loads 
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INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

(e) CL = 190 pF, RL = NO LOAD 



TLV2341, TLV2341V 
LinCMOSTM PROGRAMMABLE LOW-VOLTAGE 

OPERATIONAL AMPLIFIERS 
SLOSII OA - MAY 1992 - REVISED AUGUST 1994 

• Wide Range of Supply Voltages Over 
Specified Temperature Range: 

TA = -40°C to 85°C ... 2 V to 8 V 

• Fully Characterized at 3 V and 5 V 
• Single-Supply Operation 
• Common-Mode Input-Voltage Range 

Extends Below the Negative Rail and up to 
Voo -1 Vat 25°C 

• Output Voltage Range Includes Negative 
Rail 

description 

o OR P PACKAGE 
(TOP VIEW) 

OFFSET N1 Ds BIAS SELECT 
IN- 2 7 VDD 

IN+ 3 6 OUT 
GND 4 5 OFFSET N2 

• High Input Impedance ... 1012 n Typ 
• Low Noise ••• 25 nVl-vHz Typically at 

f = 1 kHz (High-Bias Mode) 

• ESD-Protection Circuitry 
• Designed-In Latch-Up Immunity 
• Bias-Select Feature Enables Maximum 

Supply Current Range From 17 ~A to 
1.5 mA at 25°C 

OFFSET N1 
IN
IN+ 

GND 

PWPACKAGE 
(TOP VIEW) 

BIAS SELECT 
VDD 
OUT 
OFFSET N2 

The TLV2341 operational amplifier has been specifically developed for lOW-VOltage, single-supply applications 
and is fully specified to operate over a voltage range of 2 V to 8 V. The device uses the Texas Instruments 
Silicon-gate LinCMOSTM technology to facilitate low-power, low-voltage operation and excellent offset-voltage 
stability. LinCMOSTM technology also enables extremely high input impedance and low bias currents allowing 
direct interface to high-impedance sources. 

The TLV2341 offers a bias-select feature, which allows the device to be programmed with a wide range of 
different supply currents and therefore different levels of ac performance. The supply current can be set at 
17 J.IA, 250 ~A, or 1.5 mA, which results in slew-rate speCifications between 0.02 and 2.1 V/~s (at 3 V). 

The TLV2341 operational amplifiers are especially well suited to single-supply applications and are fully 
specified and characterized at 3-V and 5-V power supplies. This low-voltage single-supply operation combined 
with low power consumption makes this device a good choice for remote, inaccessible, or portable 
battery-powered applications. The common-mode input range includes the negative rail. 

The device inputs and outputs are designed to withstand -100-mA currents without sustaining latch-up. The 
TLV2341 incorporates internal ESO-protection circuits that prevents functional failures at voltages up to 
2000 V as tested under MIL-STO 883 C, Methods 3015.2; however, care should be exercised in handling these 
devices as exposure to ESO may result in the degradation of the device parametric performance. 

AVAILABLE OPTIONS 

PACKAGED DEVICES 
CHIP 

TA 
Vlomax SMALL PLASTIC 

TSSOP FORM 
AT 25°C OUTLINE DIP 

(D) (P) 
(PW) (V) 

-40°C to S5°C SmV TLV23411D TLV23411P TLV23411PWLE TLV2341Y 

The D package IS available taped and reeled. Add R suffiX to the deVice type (e.g., TLV2341IDR). 
The PW package is only available left-end taped and reeled (e.g., TLV2341IPWLE). 

LinCMOS is a trademark of Texas Instruments Incorporated. 

~:~~mo:::l: 8!:,=~~S ~~~~~!n:::l ,r:I:~m= 
~TEXAS 
INSTRUMENTS 

Copyright © 1994, Texas Instruments Incorporate? 

standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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bias-select feature 

The TLV2342 offers a bias-select feature that allows the user to select anyone of three bias levels, depending 
on the level of performance desired. The tradeoffs between bias levels involve ac performance and power 
dissipation (see Table 1). 

Table 1. Effect of Bias Selection on Performance 

MODE 
TYPICAL PARAMETER VALUES 

UNIT 
TA = 25°C, VDD =3 V HIGH BIAS MEDIUM BIAS LOW BIAS 

RL= 10 k.Q RL = 100 k.Q RL=1 MO 

Po Power dissipation 975 195 15 flW 

SR Slew rate 2.1 0.38 0.02 V/flS 

Vn Equivalent input noise voltage at f = 1 kHz 25 32 68 nV/.JHz 

B1 Unity-gain bandwidth 790 300 27 kHz 

<l>m Phase margin 46° 39° 34° 

AVO Large-signal differential voltage amplification 11 83 400 V/mV 

bias selection 

6--744 

Bias selection is achieved by connecting BIAS SELECT to one of three voltage levels (see Figure 1). For 
medium-bias applications, it is recommended that the bias-select pin be connected to the midpoint between the 
supply rails. This procedure is simple in split-supply applications since this point is ground. In single-supply 
applications, the medium-bias mode necessitates using a voltage divider as indicated in Figure 1. The use of 
large-value resistors in the voltage divider reduces the current drain of the divider from the supply line. However, 
large-value resistors used in conjunction with a large-value capacitor require significant time to charge up to 
the supply midpoint after the supply is switched on. A voltage other than the midpoint may be used if it is within 
the voltages specified in the following table. 

VDD 

BIAS MODE 
BIAS-8ELECT VOLTAGE 

(single supply) 

Low VOO 
Medium 1 VtoVOO-1 V 

To the Bias-Select Pin j 

Low 1 MO 

Medium 

High 
High GNO 

1 MO 

Figure 1. Bias Selection for Single-Supply Applications 

I 
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high-bias mode 

TLV2341, TLV2341Y 
LinCMOSTM PROGRAMMABLE LOW-VOLTAGE 

OPERATIONAL AMPLIFIERS 
SLOS110A - MAY 1992 - REVISED AUGUST 1994 

In the high-bias mode, the TLV2341 series feature low offset voltage drift, high input impedance, and low noise. 
Speed in this mode approaches that of BiFET devices but at only a fraction of the power dissipation. 

medium-bias mode 

The TLV2341 in the medium-bias mode features a low offset voltage drift, high input impedance, and low noise. 
Speed in this mode is similar to general-purpose bipolar devices but power dissipation is only a fraction of that 
consumed by bipolar devices. 

low-bias mode 

In the low-bias mode, the TLV2341 features low offset voltage drift, high input impedance, extremely low power 
consumption, and high differential voltage gain. 

ORDER OF CONTENTS 

TOPIC BIAS MODE 

Schematic all 

Absolute maximum ratings all 

Recommended operating conditions all 

Electrical characteristics 
high 

Operating characteristics 
Typical characteristics 

(Figures 2 - 31) 

Electrical characteristics 
medium 

Operating characteristics 
(Figures 32 - 61) 

Typical characteristics 

Electrical characteristics 
low 

Operating characteristics 
(Figures 62 - 91) 

Typical characteristics 

Parameter measurement information all 

Application information all 
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TLV2341Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV2341. 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 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'I' 

~ThxAs 
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OFFSET N1 (1) 

IN+ 

IN

OFFSETN2 

BIAS SELECT (8) 
GND 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Voo (see Note 1) ............................................................ 8 V 
Differential input voltage (see Note 2) ....................................................... Voo± 
Input voltage range, VI (any input) ................................................... -0.3 V to Voo 
Input current, II ......................................................................... ±5 mA 
Output current, 10 ...................................................................... ±30 mA 
Duration of short-circuit current at (or below) TA = 25°C (see Note 3) ........................ unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A ........................................... ::'40°C to 85°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 conditions beyond those indicated under "recommended operating conditions" is not implied. 
Exposure to absolute-maxi mum-rated conditions for extended periods may effect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
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 (see application section). 

DISSIPATION RATING TABLE 

PACKAGE 
TA:;;25°C DERATING FACTOR 

POWER RATING ABOVE TA = 25°C 

D 725mW 5.8mW/oC 

P 1000mW 8.0mW/oC 

PW 525mW 4.2mW/oC 

recommended operating conditions 

Supply voltage, VDD 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

6-748 

! VDD = 3 V 

!VDD=5V 

~TEXAS 
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TA=85°C 
POWER RATING 

377mW 

520mW 

273mW 

MIN MAX UNIT 

2 8 V 

-0.2 1.8 
V 

-0.2 3.8 

-40 85 °C 
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HIGH-BIAS MODE 

electrical characteristics at specified free-air temperature 

TLV2341I 

PARAMETER 
TEST 

TAt VOO=3V VOO=5V CONOITIONS 
MIN TYP MAX MIN TYP 

VO=1 V, 25°C 0.6 8 1.1 

Via Input offset voltage VIC=1 V, 
RS=50Q, 

Full range 10 
RL= 10kQ 

Average temperature of input 25°C to 
2.7 2.7 aVIO offset voltage 85°C 

VO=1 V, 25°C 0.1 0.1 
110 Input offset current (see Note 4) 

VIC=1 V 85°C 22 1000 24 

VO=1 V, 25°C 0.6 0.6 
liB Input bias current (see Note 4) 

VIC=1 V 85°C 175 2000 200 

-0.2 -0.3 -0.2 -0.3 
25°C to to to to 

Common-mode input voltage range 2 2.3 4 4.2 
VICR (see Note 5) -0.2 -0.2 

Full range to to 
1.8 3.8 

VIC= 1 V, 25°C 1.75 1.9 3.2 3.7 
VOH High-level output voltage VID= 100 mY, 

10H=-1 rnA Full range 1.7 3 

VIC=1 V, 25°C 120 150 90 
VOL Low-level output voltage VIO =-100 mY, 

10L= 1 mA Full range 190 

Large-signal differential VIC = 1 V, 25°C 3 11 5 23 
AVO voltage amplification RL= 10kL!, 

See Note 6 Full range 2 3.5 

VO=1 V, 25°C 65 78 65 80 
CMRR Common-mode rejection ratio VIC = VICRmin, 

RS =50Q Full range 60 60 

Supply-voltage rejection ratio VIC=1 V, 25°C 70 95 70 95 
ksVR (~VOO/~VIO) 

VO=1 V, 
RS=50Q Full range 65 65 

II(SELI Bias select current VI(SELI=O 25°C -1.2 -1.4 

VO=1 V, 25°C 325 1500 675 
100 Supply current VIC=1 V, 

No load Full range 2000 

t Full range is -40°C to 85°C. 
NOTES; 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 

5. This range also applies to each input individually. 
6. AtVOO = 5 V, Va = 0.25 Vt02 V; atVOO = 3 V, Va =0.5 Vto 1.5 V. 
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UNIT 

MAX 

8 
mV 

10 

!iV/DC 

1000 
pA 

2000 
pA 

V 

V 

V 

150 
mV 

190 

V/mV 

dB 

dB 

jiA 

1600 
jiA 

2200 

6-749 
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HIGH-BIAS MODE 

operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER TEST CONDITIONS TA 

VIC= 1 v, VI(PP) = 1 V, 25°C 
SR Slew rate at unity gain RL=10kQ, CL=20 pF, 

See Figure 92 85°C 

Vn Equivalent input noise voltage 
l=kHz, RS=20Q, 

25°C 
See Figure 93 

VO=VOH, CL=20pF, 25°C 
BOM Maximum output-swing bandwidth 

RL=10kQ, See Figure 92 85°C 

VI=10mV, CL=20 pF, 25°C 
B1 Unity-gain bandwidth 

RL=10kQ, See Figure 94 85°C 

VI=10mV, I=B1, -40°C 

<l>m Phase margin CL= 20 pF, RL= 1 MQ, 25°C 
See Figure 94 85°C 

operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output-swing bandwidth 

B1 Unity-gain bandwidth 

<l>m Phase margin 

6--750 

TEST CONDITIONS 

VIC=1 V, 
RL=10kQ, 

VI(PP)= 1 V 

CL= 20 pF, 
See Figure 92 VI(PP) = 2.5 V 

1= 1 kHz, RS=20Q, 
See Figure 93 

VO=VOH, CL=20 pF, 
RL= 10kQ, See Figure 92 

VI = 10 mV, CL= 20 pF, 
RL= 1OkQ, See Figure 94 

VI=10mV, I=B1, 
CL= 20 pF, RL=10kQ, 
See Figure 94 

-!!1 TEXAS 
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TA 

25°C 

85°C 

25°C 

85°C 

25°C 

25°C 

85°C 

25°C 

85°C 

-40°C 

25°C 

85°C 

TLV2341I 

MIN TYP MAX 
UNIT 

2.1 
V/JlS 

1.7 

25 nV/..JHz 

170 
kHz 

145 

790 
kHz 

690 

53° 

49° 

47° 

TLV2341I 

MIN TYP MAX 
UNIT 

3.6 

2.8 

2.9 
V/JlS 

2.3 

25 nV/..JHz 

320 
kHz 

250 

1.7 
MHz 

1.2 

49° 

46° 

43° 
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HIGH-BIAS MODE 

electrical characteristics, T A = 25°C 
TLV2341I 

PARAMETER TEST CONOITIONS Voo=3V Voo=5V 

MIN TYP MAX MIN TYP 

VIO Input offset voltage 
VO=l V, VIC=l V, 

0.6 8 1.1 
RS=500, RL= 10kO 

110 Input offset current (see Note 4) VO=l V, VIC=l V 0.1 0.1 

lIB Input bias current (see Note 4) VO=l V, VIC=l V 0.6 0.6 

Common-mode input voltage 
-0.2 -0.3 -0.2 -0.3 

VICR to to to to 
range (see Note 5) 

2 2.3 4 4.2 

VIC=l V, VID = 100 mY, 

VOH High-level output voltage 10H=-1 1.75 1.9 3.2 3.7 
rnA 

VOL Low-level output voltage VIC=l V, VID = -100 mY, 
120 150 90 

10L=1 rnA 

AVD 
Large-signal differential voltage VIC=l V, RL= 10 kO, 

3 11 50 23 
amplification See Note 6 

CMRR Common-mode rejection ratio VO=l V, VIC = VICRmin, 65 78 65 80 
RS=500 

kgVR 
Supply-voltage rejection ratio VO=l V, VIC=l V, 70 95 70 95 
(aVDD/aVIO) RS=500 

II(SEL) Bias select current VI(SEL) =0 -1.2 -1.4 

IDD Supply current 
VO=l V, VIC= 1 V, 

325 1500 675 No load 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 
5. This range also applies to each input individually. 
6. At VDD = 5 V, Vo = 0.25 V to 2 V; at VDD = 3 V, Vo = 0.5 V to 1.5 V. 
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UNIT 

MAX 

8 mV 

pA 

pA 

V 

V 

150 mV 

V/mV 

dB 

dB 

j.iA 

1600 j.iA 
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VIO 

aVIO 

VOH 

VOL 

AVD 

liB 

110 

VIC 

IDD 

SR 

VO(PP) 

Bl 

oi>m 

Vn 

6-752 

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) 

Table of Graphs 

Input offset voltage Distribution 

Input offset voltage temperature coefficient Distribution 

vs Output current 
High-level output voltage vs Supply voltage 

vs Temperature 

vs Common-mode input voltage 

Low-level output voltage 
vs Temperature 
vs Differential input voltage 
vs Low-level output current 

vs Supply voltage 
Large-signal differential voltage amplification vs Temperature 

vs Frequency 

Input bias current vs Temperature 

Input offset current vs Temperature 

Common-mode input voltage vs Supply voltage 

Supply current vs Supply voltage 
vs Temperature 

Slew rate vs Supply voltage 
vs Temperature 

Bias select current vs Supply voltage 

Maximum peak-to-peak output voltage vs Frequency 

Unity-gain bandwidth 

Phas(l margin 

Equivalent input noise voltage 

Phase shift 

vs Temperature 
vs Supply voltage 

vs Supply voltage 
vs Temperature 
vs Load capacitance 

vs Frequency 

vs Frequency 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) 

DISTRIBUTION OF TLV2341 
INPUT OFFSET VOLTAGE 

VOO=3V 
TA = 25°C 
P Package 

40~-r~r-1-~--~~--+--+--+-~ 

30~~~r-1-~--~~--+--+--+--; 

20 I--+---II-----i----I-

10 I---i---+--+--

o L...--'----I._..l....-_ 

-5 -4 -3 -2 -1 0 2 3 4 5 

VIO - Input Offset Voltage - mV 

Figure 2 

DISTRIBUTION OF TLV2341 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

VOO=3V 
TA = 25°C to 85°C 
PPackage 

f!. 
I 

DISTRIBUTION OF TLV2341 
INPUT OFFSET VOLTAGE 

60~~~-~~-~~-~-'-~-' 

VOO=5V 
TA = 25°C 

50 
P Package 

40 1--+---1--+---+-

30 1----+----1--+_--+-

20 1--+---1--+---+-

10 1----+----1I--+_ 

oL-....L... ... ..r::::c:: 
-5 -4 -3 -2 -1 0 2 345 

VIO - Input Offset Voltage - mV 

Figure 3 

DISTRIBUTION OF TLV2341 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

60 VOO=5V 
TA = 25°C to 85°C 
PPackage 

50 Outliers: 
(1) 20.5 mVf'C 

40 1--t--~1-~-
~ c 30~~~~1-~~~~--+--+--+--; :l 

c 
::l ::l 

'0 f 201--+--+-

'0 30 I--t---~-+-

t I 20 :. 
101--+--+-

10 I--t---I----+-

0'---'--- oL-~_Eil 

-10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10 

aVIO - Temperature Coefficient -IlVf'C 

Figure 4 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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0 -2 -4 -6 -8 

IOH - High-Level Output Current - mA 

Figure 6 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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Figure 7 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

VOO=5V 
~ ____ -+ ______ ~~ ___ IOL=5mA 

TA = 25°C 

550 

500 

450 

400 

350 

300 
-75 -50 -25 0 25 50 75 100 125 0 2 3 

TA - Free-Air Temperature - °C 

Figure 8 

~TEXAS 
INSTRUMENTS 

VIC - Common-Mode Input Voltage - V 

Figure 9 

POST OFFICE BOX 655303 .. DALLAS, TEXAS 75265 

8 

4 



> 
E 
I 

Q) 
DI 

~ 
~ 
15 
D. 
15 
0 

! 
...I 
;i 
.9 
I 
...I 

~ 

> 
E 
I 

Q) 

I 
~ 
15 
D. 
15 
0 
'ii 
j 

! 
I 
...I 

~ 

200 

185 

150 

125 

100 

75 

50 

TLV2341,TLV2341Y 
LinCMOSTM PROGRAMMABLE LOW-VOLTAGE 
. OPERATIONAL AMPLIFIERS 

SLOS11 OA - MAY 1992 - REVISED AUGUST 1994 

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) 
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TYPICAL CHARACTERISTICS (HIGH·BIAS MODE) 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) 
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TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) 

53° 

51° 

c 
.~ .. 
:!i 
:: 49° .. .c a. 
I 
E 

-e-

47° 

PHASE MARGIN 
vs 

SUPPLY VOLTAGE 

1\ 
\ 

VI=10mV 
RL = 10 IUl 
CL=20pF 
TA=25°C 

/ 
\ V 

17 

c 
"E' .. 
:!i 
:: .. .c 
a. 
I 
E 

-e-

60° 

58° 

56° 

54° 

52° 

50° 

48° 

46° 

44° 

42° 

40° 

PHASE MARGIN 
vs 

FREE-AIR TEMPERATURE 

VI = 10 mV 
RL=101Ul 
CL=20pF 

.......... 

"- VOO=3V 

........ 
............ 

r---.... 
.......... 

.......... 
r--I-

VOO=5V r-..::. 
'" " 

45° 
o 2 4 6 8 -75 -50 -25 -0 25 50 75 100 125 

c 

i 
l 
I 
E 

-e-

6-760 

50 ° 

45 ° 

40 ° 

35° 

30° 

25° 

r-.... 

Voo - Supply Voltage';' V 

Figure 28 

PHASE MARGIN 
vs 

LOAD CAPACITANCE 

r.... 
400 

~ 

TA - Free-Air Temperature - °C 

Figure 29 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

RS=20n 
TA = 25°C :> c 

I 
GI 300 ~ '" ~ '" "' f'.. N::=3V 
C) 

:!l! 
~ 
GI 

'" "0 z 200 :; 
a. 
.5 

"-~ 
I 
~ ,,",VOO=5V 

" \... 
C 
GI 

l 100 "5 
c:r w 
I 
C 

> '" r\. VI=10mV ~ 

RL=10kQ f\ TA=25°C 

o 10 20 30 40 50 60 70 80 90 100 
o 

1 

CL - Load Capacitance - pF 

Figure 30 

~TEXAS 
INSTRUMENTS 

\ f\ 
1\\ 

\ VOO=5V 

~ 
VoO=3V ~f::: 

IIIIIII 
1====:::10.. 

10 100 

f - Frequency - Hz 

Figure 31 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

1000 



TLV2341, TLV2341Y 
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SLOSll0A - MAY 1992 - REVISED AUGUST 1994 

MEDIUM-BIAS MODE 

electrical characteristics at specified free-air temperature 

TLV2341I 

PARAMETER 
TEST 

TAt VOO=3V VOO=5V CONOITIONS 
MIN TYP MAX MIN TYP 

VO= 1 V, 25°C 0.6 8 1.1 

V,O Input offset voltage 
VIC= 1 V, 
RS =50 Q, 

RL= 1001ill 
Full range 10 

Average temperature coefficient of 25°C to 
1 1.7 aVIO input offset voltage 85°C 

VO=1 V, 25°C 0.1 0.1 ',0 Input offset current (see Note 4) 
V,C=1 V 85°C 22 1000 24 

VO=1 V, 25°C 0.6 0.6 
liB Input bias current (see Note 4) 

V,C=1 V 85°C 175 2000 200 

-0.2 -0.3 -0.2 -0.3 
25°C to to to to 

Common-mode input voltage range 2 2.3 4 4.2 
V,CR (see Note 5) -0.2 -0.2 

Full range to to 
1.8 3.8 

V,C=1 V, 25°C 1.75 1.9 3.2 3.9 
VOH High-level output voltage V'D= 100 mY, 

'OH=-1 mA Full range 1.7 3 

V,C= 1 V, 25°C 115 150 95 
VOL Low-level output voltage VID =-100 mV, 

'OL= 1 mA Full range 190 

Large-signal differential 
V,C=1 V, 25°C 25 83 25 170 

AVD voltage amplification 
RL= 100 Iill, 
See Note 6 Full range 15 15 

VO=1 V, 25°C 65 92 65 91 
CMRR Common-mode rejection ratio V'C = V,CRmin, 

RS=50Q Full range 60 60 

Supply-voltage rejection ratio 
V,C= 1 V, 25°C 70 94 70 94 

kSVR (tiVDD/tiV,O) 
VO=1 V, 
RS=50Q Full range 65 65 

I'(SEL) Bias select current V'(SEL) =0 25°C -100 -130 

VO=1 V, 25°C 65 250 105 

'DD Supply current V,C=1 V, 
No load Full range 360 

t Full range IS -40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 

5. This range also applies to each input individually. 
6. At VDD = 5 V, Vo = 0.25 V to 2 V; at VDD = 3 V, Vo = 0.5 V to 1.5 V. 
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UNIT 

MAX 

8 

mV 
10 

JlV/oC 

1000 
pA 

2000 
pA 

V 

V 

V 

150 
mV 

190 

V/mV 

dB 

dB 

nA 

280 
IlA 

400 
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MEDIUM-BIAS MODE 

operating characteristics at specified free-air temperature, VDD = 3 V 

PARAMETER TEST CONDITIONS TA 

VIC = 1 V, VI(PP)= 1 V, 25°C 
SR Slew rate at unity gain RL = 100 kO, CL=20pF, 

See Figure 92 85°C 

Vn Equivalent input noise voltage 
1= kHz, RS=20Q, 

25°C 
See Figure 93 

VO=VOH, CL=20pF, 25°C 
BOM Maximum output-swing bandwidth 

RL = 100 kO, See Figure 92 85°C 

VI=10mV, CL=20pF, 25°C 
B1 Unity-gain bandwidth 

RL = 100 kO, See Figure 94 85°C 

VI = 10mV, I=B1, -40°C 

<Pm Phase margin CL=20pF, RL = 100 kg, 25°C 
See Figure 94 85°C 

operating characteristics at specified free-air temperature, VDD = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output-swing bandwidth 

B1 Unity-gain bandwidth 

<Pm Phase margin 

6--762 

TEST CONDITIONS 

VIC=1 V, 
RL = 100 kO, 

VI(PP)= 1 V 

CL=20pF, 
See Figure 92 VI(PP) = 2.5 V 

1=1 kHz, RS=20Q, 
See Figure 93 

VO=VOH, CL=20pF, 
RL=100kO, See Figure 92 

VI=10mV, CL=20pF, 
RL = 100 kO, See Figure 94 

VI=10mV, 1= B1, 
CL=20pF, RL = 100 kg, 
See Figure 94 
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TA 

25°C 

85°C 

25°C 

85°C 

25°C 

25°C 

85°C 

25°C 

85°C 

-40°C 

25°C 

85°C 

TLV2341I 

MIN TYP MAX 
UNIT 

0.38 
VljJS 

0.29 

32 nVNHZ 

34 
kHz 

32 

300 
kHz 

235 

42° 

39° 

36° 

TLV2341I 

MIN TYP MAX 
UNIT 

0.43 

0.35 

0.40 
VlJJ.s 

0.32 

32 nV/-.JHz 

55 
kHz 

45 

525 
kHz 

370 

43° 

40° 

38° 
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OPERATIONAL AMPLIFIERS 
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MEDIUM-BIAS MODE 

electrical characteristics, T A = 25°C 

TLV2341I 

PARAMETER TEST CONOITIONS VOO=3V VOO=5V 

MIN TYP MAX MIN TYP 

VIO Input offset voltage 
VO=1 V. VIC=1 V. 

0.6 8 1.1 
RS=50n, RL= 100 kQ 

110 Input offset current (see Note 4) VO=1 V. VIC=1 V 0.1 0.1 

liB Input bias current (see Note 4) VO=1 V. VIC=1 V 0.6 0.6 

Common-mode input voltage 
-0.2 -0.3 -0.2 -0.3 

VICR to to to to 
range (see Note 5) 

2 2.3 4 4.2 

VOH High-level output voltage VIC = 1 V. VID= 100mV. 1.75 1.9 3.2 3.9 
IOH=-1 mA 

VOL Low-level output voltage VIC=1 V. VID =-100 mV. 
115 150 95 

10L= 1 mA 

AVO 
Large-signal differential voltage VIC=1 V. RL= 100 kQ. 

25 83 25 170 
amplification See Note 6 

CMRR Common-mode rejection ratio VO=1 V. VIC = VICRmin. 65 92 65 91 
RS=50Q 

kSVR 
Supply-voltage rejection ratio VO=1V. VIC=1 V. 70 94 70 94 
(aVOO/aVIO) RS=50Q 

II(SEL) Bias select current VI(SEL)=O -100 -130 

IOD Supply current 
VO=1 V. VIC= 1 V. 

65 250 105 
No load 

NOTES: 4. The typical values of Input bias current and Inpu1 offset current below 5 pA are determined mathemallCally. 
5. This range also applies to each input individually. 
6. AtVOD = 5 V. Vo = 0.25 Vto 2V; atVOO=3 V. Vo =0.5 Vto 1.5 V. 
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UNIT 

MAX 

8 mV 

pA 

pA 

V 

V 

150 mV 

V/mV 

dB 

dB 

nA 

280 !lA 
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE) 
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE) 
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Figure 35 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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IOH - High-Level Output Current - mA 

Figure 36 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 
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TA - Free-Air Temperature - °C 

Figure 38 
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TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODE) 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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LOW-LEVEL OUTPUT CURRENT 
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Figure 48 

SLEW RATE 
vs 

SUPPLY VOLTAGE 

VIC=l V 
VI(PP)= 1 V 

175 

150 

125 

100 

75 

50 

25 

o 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

VIC=l V 
\. VO=1 V 

" 
No Load 

r\. 
'~ 

......... ~ 
VOO=5;-"" i'-- ..... 1-

--:t-----VOO=3V r-.. 

-75 -50 -25 0 25 50 75 100 125 

0.9 

TA - Free-Air Temperature - °C 

Figure 49 

SLEW RATE 
vs 

FREE-AIR TEMPERATURE 

VIC=1V 

0.8 _ Av=l 0.8 
VI(PP) = 1 V 
AV=l 

RL=100kQ 
CL=20pF 

RL= 100kQ 
CL=20pF 

0.7 _ TA=25°C ~ 
0.7 

0.6 

0.5 

0.4 

0.3 
o 

> 
I 

0.6 .. 
1;; 
II: 

./ 

V 
"",. 

~ 

i 0.5 
iii 
I 

II: 
0.4 III 

0.3 

..... 
.......... ~ t'- VOO=5V 

......... 

VOO=3~ I"-.... .... r-......... 

0.2 
2 4 6 
Voo - Supply Voltage - V 

8 ~~ ~ 0 25 50 ~ 100 125 

Figure 50 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

TA - Free-Air Temperature - °C 

Figure 51 

6-769 



TLV2341, TLV2341V 
LinCMOSTM PROGRAMMABLE LOW-VOLTAGE 
OPERATIONAL AMPLIFIERS 
SLOS110A - MAY 1992 - REVISED AUGUST 1994 
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LOW-BIAS MODE 

electrical characteristics at specified free-air temperature 

TLV2341I 

PARAMETER 
TEST 

TAt VOO=3V VOO=5V CONOITIONS 
MIN TYP MAX MIN TYP 

VO=1 V, 25°C 0.6 8 1.1 

VIO Input offset voltage VIC = 1 V, 
RS=50Q, 
RL=1 MQ 

Full range 10 

Average temperature of 25°C to 
1 1.1 aVIO input offset voltage 85°C 

VO=1 V, 25°C 0.1 0.1 
110 Input offset current (see Note 4) 

VIC=l V 85°C 22 1000 24 

VO=1 V, 25°C 0.6 0.6 
liB Input bias current (see Note 4) 

VIC=1 V 85°C 175 2000 200 

-0.2 -0.3 -0.2 -0.3 
25°C to to to to 

Common-mode input 2 2.3 4 4.2 
VICR voltage range (see Note 5) -0.2 -0.2 

Full range to to 
1.8 3.8 

VIC=1 V, 25°C 1.75 1.9 3.2 3.8 
VOH High-level output voltage VID=100mV, 

IOH=-1 mA Full range 1.7 3 

VIC=1 V, 25°C 115 150 95 
VOL Low-level output voltage VID = -100 mV, 

10L= 1 mA Full range 190 

Large-signal differential 
VIC=1 V, 25°C 50 400 50 520 

AVD voltage amplification 
RL= 1 MQ, 
See Note 6 Full range 50 50 

VO=1 V, 25°C 65 88 65 94 
CMRR Common-mode rejection ratio VIC = VICRmin, 

RS=50Q Full range 60 60 

Supply-voltage rejection ratio 
VIC = 1 V, 25°C 70 86 70 86 

kSVR 
(AVDD/AVIO) 

VO= 1 V, 
RS=50Q Full range 65 65 

II(SEL) Bias select current VI(SEL) =0 25°C 10 65 

VO= 1 V, 25°C 5 17 10 
IDD Supply current VIC=1 V, 

No load Full range 27 

t Full range IS -40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 

5. This range also applies to each input individually. 
6. At VDD = 5 V, VO(PP) = 0.25 V to 2 V; at VDD = 3 V, Vo = 0.5 V to 1.5 V. 
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UNIT 

MAX 

8 
mV 

10 

flV/oC 

1000 
pA 

2000 
pA 

V 

V 

V 

150 
mV 

190 

V/mV 

dB 

dB 

nA 

17 
IlA 

27 
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LOW-BIAS MODE 

operating characteristics at specified free-air temperature, VDD = 3 V 

PARAMETER TEST CONDITIONS TA 

VIC=1 v, VI(PP) = 1 V, 25°C 
SR Slew rate at unity gain RL= 1 MO, CL=20pF, 

See Figure 92 85°C 

Vn Equivalent input noise voltage 
1= kHz, RS = 200, 

25°C 
See Figure 93 

VO=VOH, CL=20pF, 25°C 
BOM Maximum output-swing bandwidth 

RL=1 MO, See Figure 92 85°C 

VI= 10mV, CL=20pF, . 25°C 
B1 Unity-gain bandwidth 

RL=1 MQ, See Figure 94 85°C 

VI=10mV, I=B1, -40°C 

.~m Phase margin CL=20pF, RL= 1 MQ, 25°C 
See Figure 94 85°C 

operating. characteristics at specified free-air temperature, VDD = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output-swing bandwidth 

B1 Unity-gain bandwidth 

CPm Phase margin 

6-774 

TEST CONDITIONS 

VIC=1 V, 
RL=1 MO, 

VI(PP) = 1 V 

CL=20pF, 
See Figure 92 VI(PP) = 2.5 V 

1=1 kHz, RS=200, 
See Figure 93 

VO=VOH, CL= 20 pF, 
RL= 1 MQ, See Figure 92 

VI=10mV, CL=20pF, 
RL= 1 MQ, See Figure 94 

VI = 10 mY, 1= B1, 
CL=20pF, RL= 1 MQ, 
See Figure 94 
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TA 

25°C 

85°C 

25°C 

85°C 

25°C 

25°C 

85°C 

25°C 

85°C 

-40°C 

25°C 

85°C 

TLV2341I 

MIN TYP MAX 
UNIT 

0.02 
V/jJ.s 

0.02 

68 nVlVHz 

2.5 
kHz 

2 

27 
kHz 

21 

39° 

34° 

28° 

TLV2341I 

MIN TYP MAX 
UNIT 

0.03 

0.03 

0.03 
VlJlS 

0.02 

68 nV/VHz 

5 
kHz 

4 

85 
kHz 

55 

38° 

34° 

28° 
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LOW-BIAS MODE 

electrical characteristics, T A = 25°C 
TLV2341V 

PARAMETER TEST CONOITIONS VOO=3V VOO=5V 

MIN TYP MAX MIN TYP 

Via Input offset voltage 
VO=1 V, VIC=1 V, 

0.6 8 1.1 
RS=50Q, RL= 1 MQ 

110 
Input offset current 

VO=1 V, VIC= 1 V 0.1 0.1 
(see Note 4) 

liB 
Input bias current 

VO= 1 V, VIC=1 V 0.6 0.6 
(see Note 4) 

Common-mode input voltage 
-0.2 -0.3 -0.2 -0.3 

VICR to to to to 
range (see Note 5) 

2 2.3 4 4.2 

VOH High-level output voltage VIC= 1 V, VIO= 100mV, 1.75 1.9 3.2 3.8 
IOH=-1 mA 

VOL Low-level output voltage VIC=1 V, VIO=-100mV, 115 150 95 
10L= 1 mA 

AVO 
Large-signal differential VIC= 1 V, RL= 1 Mn, 

50 400 50 520 
voltage amplification See Note 6 

CMRR Common-mode rejection ratio 
VO= 1 V, VIC = VICRmin, 65 88 65 94 
RS=50n 

kSVR 
Supply-voltage rejection ratio VOO = 3V t05 V, VIC=1 V, 70 86 70 86 
(&VOO/&VID) VO=1 V, RS=50Q 

II(SEL) Bias select current VI(SEL)=O 10 65 

100 Supply current 
VO=1 V, VIC=1 V, 

5 17 10 
No load 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 
5. This range also applies to each input individually. 
6. AtVOO = 5 V, Va =0.25 Vt02 V; atVOO =3 V, Vo =0.5 Vto 1.5 V. 
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UNIT 

MAX 

8 mV 

pA 

pA 

V 

V 

150 mV 

V/mV 

dB 

dB 

nA 

17 i!A 
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE) 
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LOW-LEVEL OUTPUT VOLTAGE 
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE) 
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE) 
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TYPICAL CHARACTERISTICS (LOW-BIAS MODE) 
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Voo - Supply Voltage - V 

Figure 88 
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PARAMETER MEASUREMENT INFORMATION 

single-supply versus split-supply test circuits 

Because the TLV2341 is optimized for single-supply operation, circuit configurations used for the various tests 
often present some inconvenience since the input signal, in many cases, must be offset from ground. This 
inconvenience can be avoided by testing the device with split supplies and the output load tied to the negative 
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit gives 
the same result. 

voo 

>---*---.--..... - Vo >--_*---.~-..... - Vo 

Voo-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY 

Figure 92. Unity-Gain Amplifier 

2kn 2kn 

Voo Voo+ 

112VOO >---411-- Vo Vo 

20n 20n 
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-::-

(a) SINGLE SUPPLY (b) SPLIT SUPPLY 

Figure. 93. Noise-Test Circuits 
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Figure 94. Gain-of-100 Inverting Amplifier 
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PARAMETER MEASUREMENT INFORMATION 

input bias current 

Because of the high input impedance of the TLV2341 operational amplifier,attempts to measure the input bias 
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than 
1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are offered to avoid 
erroneous measurements: 

• Isolate the device from other potential leakage sources. Use a grounded shield around and between the 
device inputs (see Figure 95). Leakages that would otherwise flow to the inputs are shunted away. 

• Compensate for the leakage of the test socket by actually performing an input bias current test (using a 
picoammeter) with no device in the test socket. The actual input bias current can then be calculated by 
subtracting the open-socket leakage readings from the readings obtained with a device in the test 
socket. 

Many automatic testers as well as some bench-top operational amplifier testers use the servo-loop 
technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is measured and the bias current is calculated). This method requires 
that a device be inserted into the test socket to obtain a correct reading; therefore, an open-socket 
reading is not feasible using this method. 

8 5 

Figure 95. Isolation Metal Around Device Inputs (P package) 

low-level output voltage 

To obtain low-level supply-voltage operation, some compromise is necessary in the input stage. This 
compromise results in the device low-level output voltage being dependent on both the common-mode input 
voltage level as well as the differential input voltage level. When attempting to correlate low-level output 
readings with those quoted in the electrical specifications, these two conditions should be observed. If 
conditions other than these are to be used, please refer to the Typical Characteristics section of this data sheet. 

input offset voltage temperature coefficient 

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This 
parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) ofthe temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance which can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. These measurements should be 
performed at temperatures above freezing to minimize error. 

fu!l-pc''-/er response 

6-786 

Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is 
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PARAMETER MEASUREMENT INFORMATION 

generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 92. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 96). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 

11 A 
(a) f = 100 Hz (b) BOM > f> 100 Hz (c)f=BOM (d)f> BOM 

Figure 96. Full-Power-Response Output Signal 

test time 

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 

APPLICATION INFORMATION 

single-supply operation 

While the TLV2341 performs well using dual
power supplies (also called balanced or split 
supplies), the design is optimized for single
supply operation. This includes an input common
mode voltage range that encompasses ground as 
well as an output voltage range that pulls down to 
ground. The supply voltage range extends down 
to 2 V, thus allowing operation with supply levels 
commonly available for TTL and HCMOS. 

R1 
VI • A. 

I TLE2426 

voo 

R2 

......... 

r V 
Vo 

Coo -Vo= 2 
VI) R2 Voo 

R1 +-2-

Many single-supply applications require that a 
voltage be applied to one input to establish a 
reference level that is above ground. This virtual 
ground can be generated using two large 
resistors, but a preferred technique is to use a 
virtual-ground generator such as the TLE2426. 
The TLE2426 supplies an accurate voltage equal 
to Vool2, while consuming very little power and is 
suitable for supply voltages of greater than 4 V. 

Figure 97. Inverting Amplifier With 
Voltage Reference 
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APPLICATION INFORMATION 

single-supply operation (continued) 

The TLV2341 works well in conjunction with digital logic; however, when powering both linear devices and digital 
logic from the same power supply, the following precautions are recommended: 

• Power the linear devices from separate bypassed supply lines (see Figure 98); otherwise, the linear 
device supply rails can fluctuate due to voltage drops caused by high flwitching currents in the digital 
logic. 

• Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency 
applications. 

(a) COMMON-SUPPLY RAILS 

(b) SEPARATE-BYPASSED SUPPLY RAILS (preferred) 

Figure 98. Common Versus Separate Supply Rails 

input offset voltage nulling 

6-788 

The TLV2341 offers external input offset null control. Nulling of the input offset voltage can be achieved by 
adjusting a 2S-kn potentiometer connected between the offset null terminals with the wiper connected as shown 
in Figure 99. The amount of nulling range varies with the bias selection. In the high-bias mode, the nulling range 
allows the maximum offset voltage specified to be trimmed to zero. In low-bias and medium-bias modes, total 
nulling may not be possible. 

~ + N2 
N1 25kQ 

i 
GND 

(b) SPLIT SUPPLY 

(a) SINGLE SUPPLY 

Figure 99. Input Offset Voltage Null Circuit 
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bias selection 

TLV2341, TLV2341Y 
LinCMOSTM PROGRAMMABLE LOW-VOLTAGE 

OPERATIONAL AMPLIFIERS 
SLOS110A-MAY 1992- REVISED AUGUST 1994 

APPLICATION INFORMATION 

Bias selection is achieved by connecting the bias-select pin to one of the three voltage levels (see Figure 100). 
For medium-bias applications, it is recommended that the bias-select pin be connected to the midpoint between 
the supply rails. This is a simple procedure in split-supply applications, since this point is ground. In 
single-supply applications, the medium-bias mode necessitates using a voltage divider as indicated. The use 
of large-value resistors in the voltage divider reduces the current drain of the divider from the supply line. 
However, large-value resistors used in conjunction with a large-value capacitor require significant time to charge 
up to the supply midpoint after the supply is switched on. A voltage other than the midpoint may be used if it 
is within the voltages specified in the following table. 

vDD 

BIAS MODE 
BIAS-SELECT VOLTAGE 

(single supply) 
Low 1 MO 

Low VDD 
Medium 

To BIAS SELECT 
High Medium 1 VtoVDD-1 V 

High GND 
1 MO T O.01I1F 

Figure 100. Bias Selection for Single-Supply Applications 

input characteristics 

The TLV2341 is specified with a minimum and a maximum input voltage that, if exceeded at either input, could 
cause the device to malfunction. Exceeding this specified range is a common problem, especially in 
single-supply operation. The lower the range limit includes the negative rail, while the upper range limit is 
specified at VDD -1 Vat TA = 25°C and at VDD -1.2 V at all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLV2341 good input offset 
voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS devices 
is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant implanted in 
the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate) alleviates the polarization 
problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset voltage drift with 
time has been calculated to be typically 0.1 J.lV/month, including the first month of operation. 

Because of the extremely high input impedance and resulting low bias-current requirements, the TLV2341 is 
well suited for low-level signal processing; however, leakage currents on printed-circuit boards and sockets can 
easily exceed bias-current requirements and cause a degradation in device performance. It is good practice 
to include guard rings around inputs (similar to those of Figure 95 in the Parameter Measurement Information 
section). These guards should be driven from a low-impedance source at the same voltage level as the 
common-mode input (see Figure 101). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 
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APPLICATION INFORMATION 

input characteristics (continued) 

VI ----{I----1+ 
>-----4II-- Vo 

VI -------1.1----1 
Vo 

(a) NON INVERTING AMPLIFIER (b) INVERTING AMPLIFIER 

Figure 101. Guard-Ring Schemes 

(c) UNITY-GAIN AMPLIFIER 

noise performance 

The noise specifications in operational amplifiers circuits are greatly dependent on the current in the first-stage 
differential amplifier. The low input bias-current requirements of the TLV2341 results in a very low noise current, 
which is insignificant in most applications. This feature makes the device especially favorable over bipolar 
devices when using values of circuit impedance greater than 50 kQ, since bipolar devices exhibit greater noise 
currents. 

feedback 
Operational amplifier circuits nearly always 
employ feedback, and since feedback is the first 
prerequisite for oscillation, caution is appropriate. 
Most oscillation problems result from driving 
capacitive loads and ignoring stray input 
capacitance. A small-value capacitor connected 
in parallel with the feedback resistor is an effective 
remedy (see Figure 102). The value of this 
capacitor is optimized empirically. 

electrostatic-discharge protection 

The TLV2341 incorporates an internal electro
static-discharge (ESD)-protection circuit that 

Figure 102. Compensation for Input Capacitance 

prevents functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care 
should be exercised, however, when handling these devices as exposure to ESD may result in the degradation 
of the device parametric performance. The protection circuit also causes the input bias currents to be 
temperature dependent and have the characteristics of a reverse-biased diode. 

latch-up 

6-790 

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV2341 inputs 
and output are deSigned to withstand -1 OO-mA surge currents without sustaining latch-up; however, techniques 
should be used to reduce the chance of latch-up whenever possible. Internal protection diodes should not by 
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TLV2341, TLV2341Y 
LinCMOSTM PROGRAMMABLE LOW-VOLTAGE 

OPERATIONAL AMPLIFIERS 
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APPLICATION INFORMATION 

design be forward biased. Applied input and output voltage should not exceed the supply voltage by more that 
300 mY. Care should be exercised when using capacitive coupling on pulse generators. Supply transients 
should be shunted by the use of decoupling capacitors (0.1 IlF typical) located across the supply rails as close 
to the device as possible. 

The current path established if latch-up occurs is usually between the positive supply rail and ground and can 
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply 
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the 
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of 
latch-Up occurring increases with increasing temperature and supply voltages. 

output characteristics Voo 

vI ~ 
Rp 

voo - Vo 
R -

P - IF + IL + Ip 

The output stage of the TLV2341 is designed to 
sink and source relatively high amounts of current 
(see Typical Characteristics). If the output is 
subjected to a short-circuit condition, this 
high-current capability can cause device damage 
under certain conditions. Output current capability 
increases with supply voltage. 

Vo 
Ip = Pullup Current 

~ Required by the 
Operational Amplifier 

R2 (typically SOD 1lA) 
R1 IL~ RL Although the TLV2341 possesses excellent 

high-level output voltage and current capability, 
methods are available for boosting this capability 
if needed. The simplest method involves the use 
of a pull up resistor (Rp) connected from the output 
to the positive supply rail (see Figure 103). There 
are two disadvantages to the use of this circuit. 
First, the NMOS pulldown transistor N4 (see 
equivalent schematic) must sink a comparatively 
large amount of current. In this circuit, N4 behaves 
like a linear resistor with an on resistance between 
approximately 60 nand 180 n, depending on 
how hard the operational amplifier input is driven. 
With very low values of Rp, a voltage offset from 
o V at the output occurs. Secondly, pullup resistor 
Rp acts as a drain load to N4 and the gain of the 
operational amplifier is reduced at output voltage 
levels where N5 is not supplying the output 
current. 

Figure 103. Resistive Pullup to Increase VOH 

2.SV 

TA=2S0C 
f = 1 kHz 
VI(PP)= 1 V 

Vo 

-2.SV 

Figure 104. Test Circuit for Output Characteristics 

All operating characteristics of the TLV2341 are measured using a 20-pF load. The device drives higher 
capacitive loads; however, as output load capacitance increases, the resulting response pole occurs at lower 
frequencies thereby causing ringing, peaking, or even oscillation (see Figures 105, 106 and 107). In many 
cases, adding some compensation in the form of a series resistor in the feedback loop alleviates the problem. 
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APPLICATION INFORMATION 

output characteristics (continued) 

(a) CL = 20 pF, RL = NO LOAD (b) CL = 130 pF, RL = NO LOAD (e) CL = 150 pF, RL = NO LOAD 

Figure 105. Effect of Capacitive Loads in High-Bias Mode 

(a) CL = 20 pF, RL = NO LOAD (b) CL = 170 pF, RL = NO LOAD (e) CL = 190 pF, RL = NO LQAD 

Figure 106. Effect of Capacitive Loads in Medium-Bias Mode 

(a) CL = 20 pF, RL = NO LOAD (b) CL = 260 pF, RL = NO LOAD (e) CL = 310 pF, RL = NO LOAD 

6-792 

Figure 107. Effect of Capacitive Loads in Low-Bias Mode 
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TlV2342, TlV2342Y, TlV2344, TlV2344Y 
linCMOSTM lOW-VOLTAGE HIGH-SPEED 

OPERATIONAL AMPLIFIERS 

• Wide Range of Supply Voltages Over 
Specified Temperature Range: 

-40°C to 85°C ..• 2 V to 8 V 

• Fully Characterized at 3 V and 5 V 

• Single-Supply Operation 

• Common-Mode Input-Voltage Range 
Extends Below the Negative Rail and Up to 
VDD -1 Vat 25°C 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance ... 1012 n Typical 

• ESD-Protection Circuitry 

• Designed-In Latch-Up Immunity 

description 

The TLV234x operational amplifiers are in a family 
of devices that has been specifically designed for 
use in low-voltage single-supply applications. 
Unlike other products in this family designed 
primarily to meet aggressive power consumption 
specifications, the TLV234x was developed to 
offer ac performance approaching that of a BiFET 
operational amplifier while operating from a 
single-supply rail. At 3 V, the TLV234x has a 
typical slew rate of 2.1 V/IlS and 790-kHz 
unity-gain bandwidth. 

Each amplifier is fully functional down to a 
minimum supply voltage of 2 V and is fully 
characterized, tested, and specified at both 3-V 
and 5-V power supplies over a temperature range 
of -40°C to 85°C. The common-mode input 
voltage range includes the negative rail and 
extends to within 1 V of the positive rail. 

TLV2342 
D OR P PACKAGE 

(TOP VIEW) 

1OUT[jS Voo 
1IN- 2 7 20UT 
lIN+ 3 6 21N-

Voo_/GND 4 5 21N+ 

10UT 
11N-
11N+ 

Voo_/GND 

TLV2342 
PWPACKAGE 

(TOP VIEW) 

TLV2344 

Voo+ 
20UT 
21N-
21N+ 

D OR N PACKAGE 
(TOP VIEW) 

10UT 1 

11N-
11N+ 

Voo+ 
21N+ 
2N-

10UT 
1IN -
11N + 
Voo+ 
21N+ 
21N-
20UT 

TLV2344 
PWPACKAGE 

(TOP VIEW) 

40UT 
41N-
41N+ 

VOO-/GNO 
31N+ 
31N-
30UT 

40UT 
41N-
41N+ 
Voo_/GND 
31N+ 
31N-
30UT 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA 
VIOmax 

SMALL OUTLINEt PLASTIC DIP PLASTIC DIP TSSOP* AT 25°C 
(D) (N) (P) (PW) 

9mV TLV234210 - TLV23421P TLV23421PWLE 
-40°C to 85°C 

10mV TLV234410 TLV23441N - TLV2344IPWLE 

t The 0 package IS available taped and reeled. Add R suffiX to the deVice type (e.g., TLV234210R). 
:t:The PW package is only available left-end taped and reeled (e.g., TLV2342IPWLE). 
§ Chip forms are tested at 25°C only. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

CHIP FORM§ 
(Y) 

TLV2342Y 

TLV2344Y 
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TLV2342, TLV2342Y, TLV2344, TLV2344Y 
LinCMOSTM LOW-VOLTAGE HIGH-SPEED 
OPERATIONAL AMPLIFIERS 
SLOS194 - FEBRUARY 1997 

description (continued) 

Low-voltage and low-power operation has been made possible by using the Texas Instruments silicon-gate 
LinCMOS technology. The LinCMOS process also features extremely high input impedance and ultra-low input 
bias currents. These parameters combined with good ac performance make the TLV234x effectual in 
applications such as high-frequency filters and wide-bandwidth sensors. 

To facilitate the design of small portable equipment, the TLV234x is made available in a wide range of package 
options, including the small-outline and thin-shrink small-outline packages (TSSOP). The TSSOP package has 
significantly reduced dimensions compared to a standard surface-mount package. Its maximum height of only 
1.1 mm makes it particularly attractive when space is critical. 

The device inputs and outputs are designed to withstand -100-mA currents without sustaining latch-up. The 
TLV234x incorporates internal ESD-protection circuits that prevents functional failures at voltages up to 
2000 V as tested under MIL-PRF-38535, Method 3015.2; however, care should be exercised in handling these 
devices as exposure to ESD may result in the degradation of the device parametric performance. 

TLV2342Y chip information 

6-794 

This chip, when properly assembled, displays characteristics similar to the TLV2342. 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 
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(3) 
11N+ 

11N-
(2) 

21N+ 
(5) 

(6) 
21N-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL blMENSIONS ARE IN MILS. 



TLV2342, TLV2342Y, TLV2344, TLV2344Y 
LinCMOSTM LOW-VOLTAGE HIGH-SPEED 

OPERATIONAL AMPLIFIERS 
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TLV2344Y chip information 

-= 

-= 

-= -= 

-= -= 

-= -= -= -= 
-= -= 

This chip, when properly assembled, displays characteristics similar to the TLV2344. 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 

~ 1~ ~ 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
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(3) 
11N+ 

11N-
(2) 

(5) 
21N+ 

21N-
(6) 

31N+ 
(10) 

31N-
(9) 

(12) 
41N+ 

41N-
(13) 

VDD_/GND 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 
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equivalent schematic (each amplifier) 

IN+------~~--------+_----~ 

D2 

VDD 

R6 

N5 

N3 

N4 

GND 

ACTUAL DEVICE COMPONENT COUNn 

6-796 

COMPONENT TLV2342 TLV2344 

Transistors 54 108 

Resistors 14 28 

Diodes 4 8 

Capacitors 2 4 

t Includes both amplifiers and all ESD, bias, and trim 
circuitry. 
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absolute maximum ratings over operating free-air temperature {unless otherwise noted)t 

Supply voltage, VDD (see Note 1) ............................................................ 8 V 
Differential input voltage, VID (see Note 2) .................................................. VDD± 
Input voltage range, VI (any input) ................................................... -0.3 V to VDD 
Input current, II ......................................................................... ±5 mA 
Output current, 10 ...................................................................... ±30 mA 
Duration of short-circuit current at (or below) TA = 25°C (see Note 3) ........................ unlimited 
Continuous total dissipation ........................................... See DisSipation Rating Table 
Operating free-air temperature range, T A ........................................... -40°C to 85°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 network ground. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited t9 ensure that the maximum 

dissipation rating is not exceeded (see application selection). 

DISSIPATION RATING TABLE 

PACKAGE 
TA,;;25°C DERATING FACTOR 

POWER RATING ABOVE TA = 25°C 

0-8 725mW 5.8mW/oC 

D-14 950mW 7.6 mW/oC 

N 1575mW 5.6mW/oC 

P 1000 mW 8.0mW/oC 

PW-8 525mW 4.2 mW/oC 

PW-14 700mW 6.0mW/oC 

recommended operating conditions 

Supply voltage, VDD 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

I VDD=3V 

I VDD = 5 V 

~TEXAS 
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TA = 85°C 
POWER RATING 

377mW 

494mW 

364mW 

520mW 

273mW 

340mW 

MIN MAX UNIT 

2 8 V 

-0.2 1.8 
V 

-0.2 3.8 

-40 85 °C 
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TLV23421 electrical characteristics at specified free-air temperature 

PARAMETER TEST CONOITIONS TAt Voo=3V 

MIN TYP 

VO=IV, VIC=1 V, 25°C 0.6 
VIO Input offset voltage RS=50n. 

RL=10kn Full range 

Average temperature 
25°C to 

aVIO coefficient of input offset 
85°C 

2.7 
voltage 

Input offset current 25°C 0.1 
110 (see Note 4) 

VO=IV, VIC=1 V 
85°C 22 

liB Input bias current (see Note 4) VO=1 V, 
25°C 0.6 

VIC=1 V 
85°C 175 

-0.2 -0.3 
25°C to to 

Common-mode input voltage 2 2.3 
VICR range (see Note 5) -0.2 

Full range to 
1.8 

VIC=IV, 25°C 1.75 1.9 
VOH High-level output voltage VIO = 100 mV, 

10H=-1 mA Full range 1.7 

VIC=1 V, 25°C 120 
VOL Low-level output voltage VIO = -100 mV, 

IOL=1 mA Full range 

Large-signal differential VIC=1 V, 25°C 3 11 
AVO voltage amplification RL = 10 kn, 

See Note 6 Full range 2 

VO=1 V, 25°C 65 78 
CMRR Common-mode rejection ratio VIC = VICRmin, 

RS=50n Full range 60 

Supply-voltage rejection ratio VIC=1 V, VO= 1 V, 25°C 70 95 
kSVR (AVOO/AVIO) RS=50n Full range 65 

Supply current VO=1 V, VIC=1 V, 25°C 0.65 
100 

No load Full range 

t Full range IS -40°C to 85°C. 

TLV23421 

VOO=5V 

MAX MIN TYP 

9 1.1 

11 

2.7 

0.1 

1000 24 

0.6 

2000 200 

-0.2 -0.3 
to to 
4 4.2 

-0.2 
to 

3.8 

3.2 3.7 

3 

150 90 

190 

5 23 

3.5 

65 80 

60 

70 95 

65 

3 1.4 

4 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 

6-798 

5. This range also applies to each input individually. 
6. AtVOO =5 V, VO= 0.25 Vto 2 V; alVOO =3 V, VO= 0.5 Vlo 1.5 V. 
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UNIT 

MAX 

9 
mV 

11 

V.vrc 

1000 
pA 

2000 
pA 

V 

V 

V 

150 
mV 

190 

V/mV 

dB 

dB 

3.2 
mA 

4.4 
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TLV23421 operating characteristics at specified free-air temperature, Voo = 3 V 

TLV23421 
PARAMETER TEST CONDITIONS TA 

MIN TYP 

VIC=1 V, VI(PP)= 1 V, 25'C 2.1 
SR Slew rate at unity gain RL=10kO, CL = 20 pF, 

See Figure 34 85'C 1.7 

Vn Equivalent input noise voltage 
1= 1 kHz, RS=20n, 25°C 25 
See Figure 35 

VO=VOH, CL= 20 pF, 25'C 170 
BOM Maximum output-swing bandwidth 

RL=10kO, See Figure 34 85'C 145 

VI = 10 mY, CL =20 pF, 25'C 790 
Bl UnitY-~:'ln bandwidth 

RL= 10 kO, See Figure 36 85'C 690 

VI = 10 mY, I=Bl, -40'C 53° 

<Pm Phase margin CL= 20 pF, RL=10kO, 25'C 49° 
See Figure 36 85°C 47° 

TLV23421 operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output-swing bandwidth 

Bl Unity-gain bandwidth 

<Pm Phase margin 

TEST CONDITIONS 

VIC= 1 V, VI(PP)= 1 V 
RL=10kn, 
CL =20 pF, 
See Figure 34 VI(PP) = 2.5 V 

1= 1 kHz, RS=200, 
See Figure 35 

VO=VOH, CL=20 pF, 
RL= 10 kO, See Figure 34 

VI=10mV, CL=20 pF, 
RL= 10kO, See Figure 36 

VI = 10 mY, I=Bl, 
CL= 20 pF, RL=10kn, 
See Figure 36 
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TLV23421 
TA 

MIN TYP 

25°C 3.6 

85°C 2.8 

25°C 2.9 

85'C 2.3 

25'C 25 

25'C 320 

85°C 250 

25°C 1.7 

85°C 1.2 

-40°C 49° 

25'C 46° 

85°C 43° 

MAX 
UNIT 

V/Jls 

nV/¥Z 

kHz 

kHz 

MAX 
UNIT 

V/Jls 

nV/¥Z 

kHz 

kHz 
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TLV23441 electrical characteristics at specified free-air temperature 

PARAMETER 
TEST 

TAt Voo=3V CONomONS 
MIN TYP 

) VO=l V, 25°C 1.1 

VIO Input offset voltage VIC=l V, 
RS =50!l, 
RL=10k!l Full range 

Average temperature coefficient of 25°C to 
2.7 aVIO input offset voltage 85°C 

VO=lV, 25°C 0.1 
110 Input offset current (see Note 4) 

VIC=l V 85°C 22 

VO=lV, 25°C 0.6 
liB Input bias current (see Note 4) 

VIC=l V 85°C 175 

-0.2 -0.3 
, 25°C to to 

Common-mode input voltage range 2 2.3 
VICR (see Note 5) -0.2 

Full range to 
1.8 

VIC=l V, 25°C 1.75 1.9 
VOH High-level output voltage VID = 100 mY, 

10H=-1 rnA Full range 1.7 

VIC=l V, 25°C 120 
VOL Low-level output voltage VIO = -100 mY, 

10L=1 rnA Full range 

Large-signal differential VIC=l V, 25°C 3 11 
AVO voltage amplification RL = 10 k!l, 

See Note 6 Full range 2 

VO=l V, 25°C 65 78 
CMRR Common-mode rejection ratio VIC = VICRmin, 

RS=50!l Full range 60 

Supply-voltage rejection ratio VIC=l V, 25°C 70 95 
kSVR (&VOO/&VIO) 

VO=lV, 
RS=50!l Full range 65 

VO=l V, 25°C 1.3 
100 Supply current VIC=l V, 

No load Full range 

t Full range IS -40°C to 85°C. 

TLV23441 

VOO=5V 

MAX MIN TYP 

10 1.1 

12 

2.7 

0.1 

1000 24 

0.6 

2000 200 

-0.2 -0.3 
to to 
4 4.2 

-0.2 
to 

3.8 

3.2 3.7 

3 

150 90 

190 

5 23 

3.5 

65 80 

60 

70 95 

65 

6 2.7 

8 

NOTES: 4. The typical values of input bias current and input offset current below 5 pA are determined mathematically. 

EHlOO 

5. This range also applies to each input individually. 
6. AtVOO =5 V, Vo = 0.25 Vt02V; atVOO =3 V, VO=0.5 Vto 1.5 V. 
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UNIT 

MAX 

10 
mV 

12 

l!V/oC 

1000 
pA 

2000 
pA 

; V 

V 

V 

150 
mV 

190 

V/mV 

dB 

dB 

6.4 
rnA 

8.8 
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TLV23441 operating charact,eristics at specified free-air temperature, VOO = 3 V 
TLV23441 

PARAMETER TEST CONDITIONS TA 
MIN TYP 

VIC=l V, VI(PP)= 1 V, 25°C 2.1 
SR Slew rate at unity gain RL=10kn, CL = 20 pF, 

See Figure 34 85°C 1.7 

Vn Equivalent input noise voltage 
1= 1 kHz, RS = 20 Q, 25°C 25 
See Figure 35 

Va = VOH, CL = 20 pF, 25°C 170 
80M Maximum output-swing bandwidth 

RL=10kQ, See Figure 34 B5°C 145 

VI = 10mV, CL = 20 pF, 25°C 790 
81 Unity-gain bandwidth 

RL = 10 kn, See Figure 36 85°C 690 

VI= 10mV, 1=81, -40°C 53° 

<l>m Phase margin CL=20pF, RL = 10 kn, 25°C 49° 
See Figure 36 85°C 47° 

TLV23441 operating characteristics at specified free-air temperature, VOO = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

80M Maximum output-swing bandwidth 

81 Unity-gain bandwidth 

<l>m Phase margin 

TEST CONDITIONS 

VIC=l V, 
RL=10kQ, 

VI(PP) = 1 V 

CL=20pF, 
See Figure 34 VI(PP) = 2.5 V 

1= 1 kHz, RS=20f.!, 
See Figure 35 

VO=VOH, CL = 20 pF, 
RL=10kf.!, See Figure 34 

VI= 10mV, CL=20 pF, 
RL=10kf.!, See Figure 36 

VI=10mV, 1=81, 
CL=20pF, RL = 10 kQ, 
See Figure 36 
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TLV23441 
TA 

MIN TYP 

25°C 3.6 

B5°C 2.8 

25°C 2.9 

B5°C 2.3 

25°C 25 

25°C 320 

B5°C 250 

25°C 1.7 

B5°C 1.2 

-40°C 49° 

25°C 46° 

85°C 43° 

MAX 
UNIT 

V/IlS 

nV/"Hz 

kHz 

kHz 

MAX 
UNIT 

V11lS 

nV/\IHZ 

kHz 

MHz 

6--801 
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TLV2342Y electrical characteristics, TA = 25°C 

PARAMETER TEST CONOITIONS 

Via Input offset voltage 
VO=1 V, VIC=l V, 
RS=50Q, RL=10kQ 

110 Input offset .current (see Note 4) VO=l V, VIC=l V 

liB Input bias current (see Note 4) VO=l V, VIC=l V 

Common-mode input voltage 
VICR range (see Note 5) 

VOH High-level output voltage 
VIC=l V, VIO = 100 mY, 
10H=-1 mA 

VOL Low-level output voltage VIC=l V VIO=100mV, 
10L= 1 mA 

AVO 
Large-signal differential voltage VIC=l V, RL=10kQ, 
amplification See Note 6 

CMRR Common-mode rejection ratio 
VO=l V, VIC = VICRmin, 
RS=50Q 

kSVR 
Supply-voltage rejection ratio VO=l V VIC=l V, 
(AVOO/AVID) RS=50Q 

100 Supply current 
VO=l V, VIC=l V, 
No load 

TLV2342Y 

VOO=3V VOO=5V 

MIN TYP MAX MIN TYP 

0.6 1.1 

0.1 0.1 

0.6 0.6 

-0.3 -0.3 
to to 

2.3 4.2 

1.9 3.7 

120 90 

11 23 

78 80 

95 95 

0.65 1.4 

NOTES: 4. The tYPical values of Input bias current and Input offset current below 5 pA are determined mathematically. 

6--802 

5. This range also applies to each input individually. 
6. At VOO = 5 V, Va = 0.25 V to 2 V; at VOO = 3 V, Va = 0.5 V to 1.5 V. 
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UNIT 

MAX 

mV 

pA 

pA 

V 

V 

mV 

V/mV 

dB 

dB 

mA 
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TLV2344Y electrical characteristics, TA = 25°C 
TLV2344Y 

PARAMETER TEST CONOITIONS Voo=3 V VOO=5V 

MIN TYP MAX MIN TYP 

VIO Input offset voltage 
VO=1 V, VIC=1 V, 

1.1 1.1 
Rl=10kO Rl= 10kO 

110 Input offset current (see Note 4) VO=1 V, VIC=1 V 0.1 0.1 

liB Input bias current (see Note 4) VO=1 V, VIC=1 V 0.6 0.6 

Common-mode input voltage 
-0.3 -0.3 

VICR to to 
range (see Note 5) 

2.3 4.2 

VOH High-level output voltage 
VIC=1 V, 

VID= 100 mY, 1.9 3.7 
IOH=-1 mA 

Val low-level output voltage VIC=1 V, 
VID=-100mV, 120 90 

10l= 1 mA 

AVD 
large-signal differential voltage VIC=1 V, Rl= 10kQ, 

11 23 
amplification See Note 6 

CMRR Common-mode rejection ratio 
VO=1 V, VIC = VICRmin, 78 80 
RS =500 

kSVR 
Supply-voltage rejection ratio VO=1 V, VIC=1 V, 

95 95 
(,WDD/dVID) RS =500 

IDD Supply current 
VO=1 V, VIC=1 V, 

1.3 2.7 
No load 

NOTES: 4. The typical values of Input bias current and mput offset current below 5 pA are determined mathematically. 
5. This range also applies to each input individually. 
6. At VDD = 5 V, Va = 0.25 V to 2 V; at VDD = 3 V, Va = 0.5 V to 1.5 V. 
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UNIT 

MAX 

mV 

pA 

pA 

V 

V 

mV 

V/mV 

dB 

dB 

!1A 
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VIO 

°VIO 

liB 

110 

VIC 

VOH 

VOL 

AVD 

IDD 

SR 

VO(PP) 

B1 

<Pm 

Vn 

6-804 

TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage Distribution 

Input offset voltage temperature coefficient Distribution 

Input bias current vs Free-air temperature 

Input offset current vs Free-air temperature 
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vs High-level output current 
High-level output voltage vs Supply voltage 

vs Free-air temperature 

vs Common-mode input voltage 

Low-level output voltage 
vs Free-air temperature 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2342 
INPUT OFFSET VOLTAGE 

VOO=3V 
TA=25'C 
PPackage 

4Ot--t----t--t--+-t--t--t--t--+--I 

2Ot---+--+-t--+-

10 t---+-----+-+--

0'---'-....... -""'-

~ 
I 

~ c 
J 

o 

f 

50 

DISTRIBUTION OF TLV2342 
INPUT OFFSET VOLTAGE 

401--+--+-t---+-

30 t---+--+-t--+-

201--+--+-t---+-

10 t---+--+-t-

O·I.-........... 001011!
-5 -4 -3 -2 -1 0 2 3 4 5 -5 -4 -3 -2 -1 0 2 3 4 5 

VIO -Input Offset Voltage - mV 

Figure 1 

DISTRIBUTION OF TLV2344 
INPUT OFFSET VOLTAGE 

VOO=3V 
TA=25'C 
NPackage 

4Ot---i----t--t--+-1--t--t--t--+--I 

30t--t--t--t--+-1--t--t--t--+--I 

201--+--+-t--+ 

101--t--t--t--

0'---'-....... -...1...-

VIO - Input Offset Voltage - mV 

Figure 2 

DISTRIBUTION OF TLV2344 
INPUT OFFSET VOLTAGE 

VOO=5V 
TA=25°C 

50 N Package 

401--+--+-t---+-

30 t---+--+-t--+-

201--+--+-t---+-

10 t---+--+-t-

01.-................ • 
-5 -4 -3 -2 -1 0 2 345 -5 -4 -3 -2 -1 0 2 3 4 5 

VIO -Input Offset Voltage - mV 

Figure 3 
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VIO - Input Offset Voltage - mV 

Figure 4 
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TYPICAL CHARACTERISTICS 

.,. 
I 

:II 
:5 
'0 

f 

.,. 
I .. 
i! 
:::I 

'0 

f 

6--806 

DISTRIBUTION OF TLV2342 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 
50.---....,----.-..,.--,--,--....,----.-..,.--,---; 

Voo=3V 
TA = 25°C to 85°C 
PPackage 

401--;----I-+--+-t--+-I-+--+--I 

301-+-I-+--t=-t--+-I-+--+--I 

20~-+--+-

101--+--+-

0'---'---
-10 -8 -6 -4 -2 0 2 4 6 8 10 

aVIO - Tempersture Coefficient - Jlvrc 

FigureS 

DISTRIBUTION OF TLV2344 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

VOO=3V 
TA = 25°C to 85°C 
NPackage 

401--;---1-+--+-+-+-1-+--+--1 

301-+-1-+--+-+-+-1-+--+--1 

201--+--+-

101--+--+-

0'---'---
-10 -8 -6 -4 -2 0 2 4 6 8 10 

aVIO - Temperature Coefficient - JlVrC 

Figure 7 

.,. 
I 

:II c 
:::I 

'0 

f 

DISTRIBUTION OF TLV2342 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 
60.---....,-~-..,.--,--,--....,----.-..,.--,--, 

VOO=5V 
TA = 25°C to 85°C 

50 PPackage 
Outliers: 
(1) 20.5 mVrC 

401--+--+-t---+-

30 I--+--+-t-

20 ~-+--+-+-

101--+--+-t-

0'--.............. 
-10 -8 -6 -4 -2 0 2 4 6 8 10 

aVIO - Temperature Coefficient - Jlvrc 

Figure 6 

DISTRIBUTION OF TLV2344 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

=5V 
TA = 25°C to 85°C 

50 N Package 
Outliers: 
(1) 20.5 mVrC 

40 I-.---r-,---+-

30 ~-+--+-+-

20 I--+--+-t-

101--+--+-t-

OL-..J-I ....... 

-10 -8 -6 -4 -2 0 2 4 6 8 10 

aVIO - Tempersture Coefficient - JlVrC 

Figure 8 
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TYPICAL CHARACTERISTICS 

INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
VB 

FREE-AIR TEMPERATURE 

r= VOO=3V 
r- VIC=1 V 
1= See Note A 

0.1 
25 

~, 

~' 

., 

45 

liB 

./ 
./ 

./ 
. ./ 

65 

/ 

./ 
110 

85 105 
TA - Free-Air Temperature - °C 

125 

> 
I 
at 
CII 

~ 
~ 
"5 
D-
.5 
CD 
"a 
0 

=!i c 
0 
E 
E 
0 
(.) 

I 

!:l 
> 

8 

6 

4 

2 

o 
o 

COMMON-MODE INPUT VOLTAGE 
VB 

SUPPLY VOLTAGE 

TA = 25°C 
Positive LlmH 

V 
/ 

V 
/ 

/ 

2 4 6 

VOO - Supply Voltage - V 

/ 

8 

NOTE: The typical values of input bias current and input offset 
current below 5 pA were determined mathematically. 

> 
I 

t 
~ 
I 
"5 o 

I 
:c 
I 

a 
> 

Figure 9 

HIGH-LEVEL OUTPUT VOLTAGE 
VB 

HIGH-LEVEL OUTPUT CURRENT 

5~----~------~------~-----' 
VIC = 1 V 
VIO= 100 mV 
TA = 25°C 

O~----~------~------~----~ 
o -2 -4 -6 

10H - High-Level Output Current - mA 

Figure 11 
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Figure 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VIC = 1 V 
VIO= 100mV 
RL= 10kn 
TA = 25°C 

/ 
V 

7 
/ 

V 
2 4 6 

VOO - Supply Voltage - V 

Figure 12 
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3 
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1.B 

1.2 

0.6 

o 

TYPICAL CHARACTERISTICS 
\ 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VOO=3V 
VIC = 1 V 
VID=100mV 

.,. 
7' .,. - l' 

I / 111 

IOH=-500J,lA }jJ 1// '/ IOH=-1 rnA 
IOH=-2mA 

'rIj IOI-i=-3mA -
IOH=-4mA 

I I I 

> 
E 
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~ 
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700 
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400 

350 
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\ 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

VOO=5V 
IOL=5mA 
TA=25DC 

\ VIO=-100mV 

'" "r\. 
" r--...." " VIO =-1 V " " ~~ I I ...... 

~ F::::::: """-
~ ~ ~ 0 ~ ~ ~ 100 1~ 

300 
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200 

175 
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125 

100 
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50 

TA - Free-Air Temperature - DC 

Figure 13 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VOO=3V 
VIC=1 V 
Vlo=-100mV 
IOL=1 rnA 

V 

/ 
/ 

/ 
/ 

/ 

> 
E 
I .. 

DI 
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:i 
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1 
...I 
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...I 
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900 
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700 

600 

500 

400 

300 

200 

100 

o 

VIC - Common-Mode Input Voltage - V 

Figure 14 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VOO=5V 
VIC = 0.5 V 
VIO=-1 V 
IOL=5mA 

,/ 

./ 
V 

." V 
"....... 

, 

-~ -~ -~ 0 ~ ~ ~ 100 1~ -~ -~ -~ 0 ~ ~ m 100 1~ 

TA - Free-Air Temperature - DC 

Figure 15 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TA - Free-Air Temperature _·C 

Figure 16 
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TYPICAL CHARACTERISTICS 

~ 
\ , 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

VOO=5V 
VIC = IVID 121 
IOL=5mA 
TA=25°C 

l'. 
~ 1-

o -1 -2 -3 -4 -5 -6 -7 -8 
VID - Oifferentiallnput Voltage - V 

Figure 17 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

VIC = 1 V 
VIO=-100mV 
TA = 25°C 

VOO=5V V 
/ 

/ / 
0.4 I----- / / 

VOO=3V 17/ 
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~ 
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1/ o 
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IOL - Low-Level Output Current - mA 

Figure 18 

TLV2342 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 
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Figure 19 
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TA - Free-Air Temperature - °C 

Figure 20 
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TYPICAL CHARACTERISTICS 

TLV2344 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 

RL=1 Mr.l 

..... 
r--...... ~ VOO=5V 

VOO=3V 
........ 

::--...... 
-..;:: ~ 

-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

Figure 21 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE MARGIN 

vs 
FREQUENCY 

VOO=3V 
RL=1 Mr.l 
CL=20pF 
TA = 25°C 

~, 

" AVO 

~ 
Phase Shift ~ l\.. 

~\ 
" ~ 
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f - Frequency - Hz 

Figure 22 
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE MARGIN 
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FREQUENCY 
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CL=20pF 
TA = 25°C 
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Figure 23 

SUPPLY CURRENT 
va 

SUPPLY VOLTAGE 

Vlc=1 V 
VO=1 V 
No Load 

TA=25OC 

o~~--~----~----~----~ 
o 2 4 6 

VOO - Supply Voltage - V 

Figure 24 
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TYPICAL CHARACTERISTICS 

c( 
E 
I 

C 
§ 
0 

~ 
Co 
:::I 
III 
I 
C c 

III 
~ 
> 
I 

.e 
III 
II: 

j 
III 
I 

II: 
III 

4 

3.5 

3 

2.5 I--

2 

1.5 

0.5 

o 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 
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TA - Free-Air Temperature - °C 

Figure 25 

SLEW RATE 
vs 

FREE-AIR TEMPERATURE 
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Figure 27 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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PARAMETER MEASUREMENT INFORMATION 

single-supply versus split-supply test circuits 

Because the TLV234x is optimized for single-supply operation, circuit configurations used for the various tests 
often present some inconvenience sihce the input signal, hi many cases, must be offset from ground. This 
incoiwenience can be avoided by testing the device with split supplies lind the output load tied to the negative 
rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either circuit gives 
the same result. 

Voo 

>---~--~----.-- Vo >---~--~----'--Vo 

Voo-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY 

Figure 35. Unity-Gain Amplifier 

2 !ill 2 !ill 

Voo Voo+ 

112VOO - >---411--- Vo Vo 

200 200 

Voo-
-=-

(a) SINGLE SUPPLY (b) SPLIT SUPPLY 

Figure 36. Noise-Test Circuit 

10 !ill 10 !ill 

Voo 
1000 1000 

VI --"I/Vv-'---i 

1/2 Voo --------I 
>----<.---___ - Vo 

(a) SINGLE SUPPLY 

Figure 37. Gain-of-100 Inverting Amplifier 
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PARAMETER MEASUREMENT INFORMATION 

input bias current 

Because of the high input impedance of the TLV234x operational amplifier, attempts to measure the input bias 
current can result in erroneous readings. The bias current at normal ambient temperature is typically less than 
1 pA, a value that is easily exceeded by leakages on the test socket. TwO suggestions are offered to avoid 
erroneous measurements: . 

• Isolate the device from other potential leakage sources. Use a grounded shield around and between the 
device inputs (see Figure 38). Leakages that would otherwise flow to the inputs are shunted away. 

• Compensate for the leakage of the test socket by actually performing an input bias current test (using a 
picoammeter) with no device in the test socket. The actual input bias current can then be calculated by 
subtracting the open-socket leakage readings from the readings obtained with a device in the test 
socket. 

Many automatic testers as well as some bench-top operational amplifier testers use the servo-loop 
technique with a resistor in series with the device input to measure the input bias current (the voltage 
drop across the series resistor is.measured and the bias current is calculated). This method requires 
that a device be inserted into a test socket to obtain a correct reading; therefore, an open-socket reading 
is not feasible using this method. 

7 1 

a a a a a a a 
a a a a a a 

8 14 

Figure 38. Isolation Metal Around Device Inputs 
(N or P package) 

low-level output voltage 

To obtain lOW-level supply-voltage operation, some compromise is necessary in the input stage. This 
compromise results in the device low-level output voltage being dependent on both the common-mode input 
voltage level as well as the differential input voltage level. When attempting to correlate low-level output 
readings with those quoted in the electrical specifications, these two conditions should be observed. If 
conditions other than these are to be used, please refer to the Typical Characteristics section of this data sheet. 

input offset voltage temperature coefficient 

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This 
parameter is actually a calculation using input offset voltage measurements obtained at two different 
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the device 
and the test socket. This moisture results in leakage and contact resistance which can cause erroneous input 
offset voltage readings. The isolation techniques previously mentioned have no effect on the leakage since the 
moisture also covers the isolation metal itself, thereby rendering it useless. These measurements should be 
performed at temperatures above freezing to minimize error. 

fuil-power response 

6-816 

I 

Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage 
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAlLAS. TEXAS 75265 



TLV2342, TLV2342V, TLV2344, TLV2344V 
LinCMOSTM LOW·VOLTAGE HIGH·SPEED 

OPERATIONAL AMPLIFIERS 
SLOS194- FEBRUARY 1997 

PARAMETER MEASUREMENT INFORMATION 

generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal 
input signal until the maximum frequency is found above which the output contains significant distortion. The 
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full 
peak-to-peak output swing cannot be maintained. 

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified 
in this data sheet and is measured using the circuit of Figure 35. The initial setup involves the use of a sinusoidal 
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is 
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same 
amplitude. The frequency is then increased until the maximum peak-to-peak output can no longer be maintained 
(Figure 39). A square wave is used to allow a more accurate determination of the point at which the maximum 
peak-to-peak output is reached. 

J1 A 
(a) f = 100 Hz (b) BOM >f> 100 Hz (c)f=BOM (d)f>BOM 

Figure 39. Full-Power-Response Output Signal 

test time 

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume, 
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET 
devices, and require longer test times than their bipolar and BiFET counterparts. The problem becomes more 
pronounced with reduced supply levels and lower temperatures. 

APPLICATION INFORMATION 

single-supply operation 

voo 

R2 

R1 
VI -+-W\r-..... --! 

While the TLV234x performs well using dual
power supplies (also called balanced or split 
supplies), the design' is optimized for single
supply operation. This includes an input common
mode voltage range that encompasses ground as 
well as an output voltage range that pulls down to 
ground. The supply voltage range extends down 
to 2 V, thus allowing operation with supply levels 
commonly available for TIL and HCMOS. rru~Sl---I+ 

>---.... -VO 

Many single-supply applications require that a 
voltage be applied to one input to establish a 
reference level that is above ground. This virtual 
ground can be generated using two large 
resistors, but a preferred technique is to use a 
virtual-ground generator such as the TLE2426 
(see Figure 40). 

Figure 40. Inverting Amplifier With 
Voltage Reference 
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APPLICATION INFORMATION 

single-supply operation (continued) 

The TLE2426 supplies an accurate voltage equal to Vool2 while consuming very little power and is suitable for 
supply voltages of greater than 4 V. 

The TLV234x works well in conjunction with digital logic; however, when powering both linear devices and digital 
logic from the same power supply, the following precautions are recommended: 

• Power the linear devices from separate bypassed supply lines (see Figure 41); otherwise, the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. .. . 

• Use proper bypass techniques to reduce the probability of noise·induced errors. Single capacitive 
decoupling is often adequate; however, RC decoupling may be necessary in high-frequency 
applications. 

(a) COMMON-SUPPLY RAILS 

(b) SEPARATE-BYPASSED SUPPLY RAILS (preferred) 

Figure 41. Common Versus Separate Supply Rails 

input characteristics 

6-818 

The TLV234x is specified with a minimum and a maximum input voltage that, if exceeded at either input, could 
cause the device to malfunction. Exceeding this specified range is a common problem, especially in 
single-supply operation. The lower range limit includes the negative rail, while the upper range limit is specified 
at Voo - 1 Vat TA = 25°C and at Voo - 1.2 V at all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLV234x very good input 
offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift in CMOS 
devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus dopant 
implanted in the oxide. Placing the phosphorus dopant in a conductor(such as a polysilicon gate) alleviates the 
polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude. The offset 
voltage drift with time has been calculated to be typically 0.1 !lV/month, including the first month of operation .. 

Because of the extremely high input impedance and resulting low bias-current reqUirements, the TLV234x is 
well suited for low-level signal processing; however, leakage currents on printed-circuit boards and sockets can 
easily exceed bias-current requirements and cause a degradation in device performance. 
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APPLICATION INFORMATION 

input characteristics (continued) 

It is good practice to include guard rings around inputs (similar to those of Figure 38 in the Parameter 
Measurement Information section). These guards should be driven from a low-impedance source at the same 
voltage level as the common-mode input (see Figure 42). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 

Vi ---()---\+ 

(a) NONINVERTING AMPUFIER 

noise performance 

>----.......--vo 

(b) INVERTING AMPUFIER 

Figure 42. Guard-Ring Schemes 

Vl------Il)---\ 

(e) UNITY-GAIN AMPLIFIER 

Vo 

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage 
differential amplifier. The low input bias-current requirements of the TLV234x results in a very low noise current, 
which is insignificant in most applications. This feature makes the device especially favorable over bipolar 
devices when using values of circuit impedance greater than 50 kg, since bipolar devices exhibit greater noise 
currents. 

feedback 

Operational amplifiers circuits nearly always 
employ feedback, and since feedback is the first 
prerequisite for oscillation, a little caution is 
appropriate. Most oscillation problems result from 
driving capacitive loads and ignoring stray input 
capacitance. A small-value capacitor connected 
in parallel with the feedback resistor is an effective 
remedy (see Figure 43). The value of this 
capacitor is optimized empirically. 

electrostatic-discharge protection 
Figure 43. Compensation for Input Capacitance 

The TLV234x incorporates an internal electrostatic-discharge (ESO)-protection circuit that prevents functional 
failures at voltages up to 2000 V as tested under MIL-PRF-38535. Method 3015.2. Care should be exercised, 
however, when handling these devices as exposure to ESO may result in the degradation of the device 
parametric performance. The protection circuit also causes the input bias currents to be temperature dependent 
and have the characteristics of a reverse-biased diode. 
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APPLICATION INFORMATION 

latch-up 

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLV234x inputs 
and outputs are designed to withstand -100-mA surge currents without sustaining latch-up; however, 
techniques should be used to reduce the chance of latch-up whenever possible. Internal protection diodes 
should not by design be forward biased. Applied input and output voltage should not exceed the supply voltage 
by more than 300 mY. Care should be exercised when using capacitive coupling on pulse generators. Supply 
transients should be shunted by the use of decoupling capacitors (0.1I1F typical) located across the supply rails 
as close to the device as possible. 

The current path established if latch-up occurs is usually between the positive supply rail and ground and can 
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply 
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the 
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of 
latch-up occurring increases with increasing temperature and supply voltages. 

output characteristics voo 

~20 

The output stage of the TLV234x is designed to 
sink and source relatively high amounts of current 
(see Typical Characteristics). If the output is 
subjected to a short-circuit condition, this 
high-current capability can cause device damage 
under certain conditions. Output current capability 
increases with supply voltage. 

Although the TLV234x possesses excellent 
high-level output voltage and current capability, 
methods are available for boosting this capability 
if needed. The simplest method involves the use 
of a pullup resistor (Rp) connected from the output 
to the positive supply rail (see Figure 44). There 
are two disadvantages to the use of this circuit. 
First, the NMOS pulldown transistor N4 (see 
equivalent schematic) must sink a comparatively 
large amount of current. In this circuit, N4 behaves 
like a linear resistor with an on resistance between 
approximately 60 g and 180 g, depending on 
how hard the operational amplifier input is driven. 
With very low values of Rp, a voltage offset from 
o V at the output occurs. Secondly, pullup resistor 
Rp acts as a drain load to N4 and the gain of the 
operational amplifier is reduced at output voltage 
levels where N5 is not supplying the output 
current. 

Rp 

R2 
R1 

Vo 
Ip = Pullup Current 
Required by the 
Operational Amplifier 
(typically SOD ~) 

Figure 44. Resistive Pull Up to Increase VOH 

2.SV 

TA=2S0C 
f ='1 kHz 
VI(PP)= 1 V 

Vo 

-2.SV 

Figure 45. Test Circuit for Output Characteristics 

All operating characteristics of the TLV234x are measured using a 20-pF load. The device drives higher 
capacitive loads; however, as output load capacitance increases, the resulting response pole occurs at lower 
frequencies thereby causing ringing, peaking, or even oscillation (see Figure 45 and Figure 46). In many cases, 
adding some compensation in the ferm of a series resistor in the feedback loop alleviates the pioblem. 
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TYPICAL APPLICATION DATA 

output characteristics (continued) 

(a) CL = 20 pF. RL = NO LOAD (b) CL = 130 pF. RL = NO LOAD 

Figure 46. Effect of Capacitive Loads 
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(e) CL = 150 pF. RL = NO LOAD 
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TLV2361, TLV2361Y,TLV2362, TLV2362Y 
HIGH-PERFORMANCE LOW-VOLTAGE 

OPERATIONAL AMPLIFIERS 

• Low Supply Voltage Operation 
Vcc=± 1 V Min 

• Wide Bandwidth 
7 MHz Typ at Vcc± = 2.5 V 

• High Slew Rate 
3 VlJlSec Typ at Vcc± = ±2.5 V 

• Wide Output Voltage Swing 
±2.4 V Typ at Vcc± = ±2.5 V, RL = 10 kO 

• Low Noise •.. 8 nVl"Hz Typ at f = 1 kHz 

• Available In SOT-23 (TLV2361) and TSSOP 
(TLV2362) Packages 

description 

The TLV236x is a high-performance dual 
operational amplifier built using an original Texas 
Instruments bipolar process. This device can be 
operated at a very low supply voltage (±1 V), while 
maintaining a wide output swing. The TLV236x 
offers a dramatically improved dynamic range of 

IN+ 

VCC-

IN-

TLV2361 
DBVPACKAGE 

(TOP VIEW) 

TLV2362 
D, P, OR PW PACKAGE 

(TOP VIEW) 

10UT(J8 Vcc+ 
11N- 2 7 20UT 
lIN+ 3 6 21N-

VCC- 4 5 21N+ 

signal conditioning in low-voltage systems. The TLV236x provides higher performance than other 
general-purpose operational amplifiers by combining higher unity-gain bandwidth and faster slew rate. With its 
low distortion and low noise performance, this device is well suited for audio applications. The TLV2361 is 
available in the very small SOT-23 package to reduce board space requirements. TheTLV2362 is available in 
the thin-shrink small-outline package (TSSOP) to reduce board space requirements. 

TLV2361 AVAILABLE OPTIONS 

PACKAGED DEVICES 
TA 

SOT-23 (DBV)t 
SYMBOL 

O°C to 70°C TLV2361CDBV VAAC 

-40°C to 85°C TLV2361IDBV VAAl 

t The DBV packages are only available taped and reeled. 
:t: Chip forms are specified for operation at 25°C only. 

TLV2362 AVAILABLE OPTIONS 

CHIP FORM* 

M 
TLV2361Y 

PACKAGED DEVICES 
CHIP FORM§ 

TA SMALL OUTLINEt PLASTIC DIP TSSOP* 
(D) (P) (PW) M 

-20°C to 85°C TLV23621D TLV23621P TLV23621PWLE TLV2362Y 

tThe D packages are available taped and reeled. Add an R to the package suffiX (e.g., TLV2362IDR). 
:t: The PW packages are only available left-ended taped 'and reeled, (e.g., TLV2362IPWLE). 
§ Chip forms are specified for operation at 25°C only. 
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equivalent schematic (each amplifer) 

IN+ --+--------.------1 

IN---~-----------+~~--~----+-~ 

VCC-

ACTUAL DEVICE COMPONENT COUNT 

6-824 

COMPONENT TLV2361 

Transistors 

Resistors 

Diodes 

Capacitors 

JFET 

30 

6 

1 

2 

1 
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TLV2362 

46 

11 

1 

4 

1 
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TLV2361Y chip information 

TLV2361, TLV2361Y, TLV2362, TLV2362Y 
HIGH-PERFORMANCE LOW-VOLTAGE 

OPERATIONAL AMPLIFIERS 
SLOS195 - FEBRUARY 1997 

This chip, when properly assembled, displays characteristics similar to the TLV2361. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gOld-silicon preform. 

BONDING PAD ASSIGNMENTS 

~--------------39--------------~ 
II""" "1 1 ,1,1,1,1 I L It I I" "1' " ,I r I r I 

~TEXAS 
INSTRUMENTS 

(1) 
IN+ 

IN- (3) 

Vcc-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (2) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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TLV2362Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV2362. 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. 

6-826 

BONDING PAD ASSIGNMENTS 

14-------- 39 -------~.I 
I'II II I I II II t I II J I IIII I' I ti' I' I J I' I' I' I' 

-!11 TEXAS 
INSTRUMENTS 

11N+ 

10UT 
11N-

21N+ 
20UT (6) 

21N-

VCC-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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HIGH·PERFORMANCE LOW·VOLTAGE 

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

Supply voltage, Vcc+ (see Note 1) .......................................................... 3.5 V 
Supply voltage, Vcc- (see Note 1) ........................................................ -3.5 V 
Differential input voltage, VID (see Note 2) ................................................. ±3.5 V 
Input voltage, VI (any input) (see Notes 1 and 3) ............................................. Vcc± 
Output voltage, Vo ...................................................................... ±3.5 V 
Output current, 10 ........................................................................ 20 mA 
Duration of short-circuit current at (or below) 25°C (output shorted to GND) .................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: C suffix ...................................... O°C to 70°C 

I suffix .................................... -40°C to 85°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vee+ and Vee-. 
2. Differential voltages are at IN+ with respect to IN-. 
3. All input voltage values must not exceed Vee. 

DISSIPATION RATING TABLE 

TA,,25°C DERATING FACTOR TA" 85°C 
PACKAGE POWER RATING ABOVE TA = 25°C POWER RATING 

TA,,85°C 
POWER RATING 

D 

DBV 
P 

PW 

725mW 

150mW 

1000mW 

525mW 

5.8mW/oe 

1.2mWre 

8.0mW/oe 

4.2 mW/oe 

464mW 

96mW 

640mW 

336mW 

recommended operating conditions 

Supply voltage, Vee 
Operating free-air temperature, TA 

~TEXAS 
INSTRUMENTS 
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CSUFFIX 

MIN MAX 

±1 ±2.5 

0 70 

377mW 

78mW 

520mW 

273mW 

I SUFFIX 

MIN MAX 

±1 ±2.5 

-40 85 

UNIT 

V 
°e 

6-827 
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TLV2361C electrical characteristics, VCC± = ±1.5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA 

25°C 
VIO Input offset voltage VO=O, VIC=O 

O°C to 70°C 

25°C 
110 Input offset current VO=O, VIC=O 

O°Cto 70°C 

25°C 
liB Input bias current VO=O, VIC=O 

O°C to 70°C 

25°C 
VIC Common"mode input voltage IVIOI :s; 7.5 mV 

O°C to 70°C 

RL= 10kn 25°C 
VOM+ Maximum positive-peak output voltage 

RL;:,10kn O°C to 70°C 

RL= 10kn 25°C 
VOM- Maximum negative-peak output voltage 

RL;:'10kn O°C to 70°C 

ICC Supply current (package) VO=O, 
25°C 

No load 
0°Ct070°C 

AVD Large-signal differential voltage amplification VO=±1 V, RL=10kQ 25°C 

CMRR Common-mode rejection ratio VIC =±0.5 V 25°C 

kSVR Supply-voltage rejection ratio VCC±=± 1.5 Vto±2.5 V 25°C 

TLV2361 C operating characteristics, V cc+ = ±1.5 V, T A = 25°C -
PARAMETER 

SR Slew rate 

B1 Unity-gain bandwidth 

Vn Equivalent input noise voltage 

6-828 

TEST CONDITIONS 

AV=1, VI =±0.5V 

AV=40, RL= 10kn, 

RS=100n, RF=10kn, 
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CL= 100pF 

f= 1 kHz 

TLV2361C 

MIN TYP 

1 

-5 

20 

±0.5 

±0.5 

1.2 1.4 

1.2 

-1.2 -1.4 

-1.2 

1.4 

60 80 

75 

80 

TLV2361C 

MIN TYP 

2.5 

6 

9 

UNIT 
MAX 

6 
mV 

7.5 

100 
nA 

150 

150 
nA 

250 

V 

V 

V 

2.25 
mA 

2.75 

dB 

dB 

dB 

UNIT 
MAX 

VlJLS 
MHz 

nV/-JHz 
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TLV2361C electrical characteristics, Vcc± = ±2.5 V (unless otherwise noted) 

PARAMETER TEST CONomONS TA 

VIO Input offset voltage VO=O, 
25°C 

VIC=O 
O°Cto 70°C 

110 Input offset current VO=O, 
25°C 

VIC=O 
O°Cto 70°C 

liB Input bias current VO=O, VIC=O 
25°C 

O°C to 70°C 

VIC Common-mode input voltage IVIOI S 7.5 mV 
25°C 

O°C to 70°C 

RL=10k!l 25°C 
VOM+ Maximum positive-peak output voltage 

RL~10k!l O°C to 70°C 

RL=10k!l 25°C 
VOM- Maximum negative-peak output voltage 

RL~10k!l O°C to 70°C 

25°C 
ICC Supply current (package) VO=O, No load 

O°C to 70°C 

AVO Large-signal differential voltage amplification VO=±l V, RL = 10 k!l 25°C 

CMRR Common-mode rejection ratio VIC=±0.5 V 25°C 

kSVR Supply-voltage rejection ratio VCC± =± 1.5 V to ±2.5 V 25°C 

TLV2361C operating characteristics, Vcc± = ±2.5 V, TA = 25°C 

PARAMETER 

SR Slew rate 

Bl Unity-gain bandwidth 

Vn Equivalent input noise voltage 

THO+N Total harmonic distortion plus noise 

TEST CONomONS 

AV=l, VI =±0.5V 

AV = 40, RL= 10 kO, 

RS=100Q, RF=10kU, 

AV=l, VO=±1.2V 
f=3kHz 

~TEXAS 
INSTRUMENTS 

CL=100pF 

f= 1 kHz 

RL= 10 kO, 
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TLV2361C 
UNIT 

MIN TYP MAX 

1 6 
mV 

7.5 

5 100 
nA 

150 

20 150 
nA 

250 

±1.5 
V 

±1.4 

2 2.4 
V 

2 

-2 -2.4 
V 

-2 

1.75 2.5 
mA 

3 

60 80 dB 

85 dB 

80 dB 

TLV2361C 
UNIT 

MIN TYP MAX 

3 VIlIS 

7 MHz 

8 nV/{Hz 

0.004% 

6-829 
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TLV2361I electrical characteristics, VCC± = ±1.5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA 

25°C 
VIO Input offset voltage VO=O, VIC=O 

-40°C to 85°C 

110 Input offset current VO=O, 
25°C 

VIC=O 
-40°C to 85°C 

25°C 
liB Input bias current VO=O, VIC=O 

-40°C to 85°C 

VIC Common-mode input voltage IVIOI S 7.5 mV 
25°C 

-40°C to 85°C 

RL=101<0 25°C 
VOM+ Maximum pos~ive-peak output voltage 

RL~101<0 -40°C to 85°C 

RL=101<0 25°C 
VOM- Maximum negative-peak output voltage 

RL~101<0 -40°C to 85°C 

25°C 
ICC Supply current (package) VO=O, No load 

-40°C to 85°C 

AVO Large-signal differential voltage amplification VO=±1 V, RL=101<0 25°C 

CMRR Common-mode rejection ratio VIC=±0.5V 25°C 

ksVR Supply-voltage rejection ratio VCC±=± 1.5 Vto±2.5 V 25°C 

TLV2361I operating characteristics, VCC± = ±1.5 V, TA = 25°C 

PARAMETER 

SR Slew rate 

B1 Unity-gain bandwidth 

Vn Equivalent input noise vo~age 

6-830 

TEST CONDITIONS 

AV=1, VI =±0.5V 

AV=40, RL = 10 k.O. 
. RS = 100 0. RF= 101<0, 

~TEXAS 
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CL=100pF 

f= 1 kHz 

MIN 

±0.5 

±0.5 

1.2 

1.2 

-1.2 

-1.2 

60 

MIN 

TLV2361 I 
UNIT 

TVP MAX 

1 6 
mV 

7.5 

5 100 
nA 

150 

20 150 
nA 

250 

V 

1.4 
V 

-1.4 
V 

1.4 2.25 
rnA 

2.75 

80 dB 

75 dB 

80 dB 

TLV2361I 
UNIT 

TVP MAX 

2.5 V/JlS 

6 MHz 

9 nV/VHz 



TLV2361, TLV2361V, TLV2362, TLV2362V 
HIGH-PERFORMANCE LOW-VOLTAGE 

OPERATIONAL AMPLIFIERS 
SlOS195 - FEBRUARY 1997 

TLV2361I electrical characteristics, Vcc± = ±2.5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA 

25°C 
VIO Input offset voltage VO=O, VIC=O 

-40°C to 85°C 

25°C 
110 Input offset current VO=O, VIC=O 

-40°C to 85°C 

25°C 
liB Input bias current VO=O, VIC=O 

-40°C to 85°C 

25°C 
VIC Common-mode input voltage IVIOI ~ 7.5 mV 

-40°C to 85°C 

RL=10kn 25°C 
VOM+ Maximum positive-peak output voltage 

RL" 10 kn -40°C to 85°C 

RL=10kn 25°C 
VOM- Maximum negative-peak output voltage 

RL,,10kn -40°C to 85°C 

25°C 
ICC Supply current (package) VO=O, No load 

-40°C to 85°C 

AVO Large-signal differential voltage amplification VO=± 1 V, RL=10kn 25°C 

CMRR Common-mode rejection ratio VIC =±0.5 V 25°C 

kSVR Supply-voltage rejection ratio VCC±=± 1.5 Vto±2.5 V 25°C 

TLV23611 operating characteristics, Vcc± = ±2.5 V, TA = 25°C 

PARAMETER 

SR Slew rate 

Bl Unity-gain bandwidth 

Vn Equivalent input noise voHage 

TEST CONDITIONS 

AV=1, VI =±0.5 V 

AV = 40, RL= 10kn, 

RS= 1000, RF=10kn, 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

CL= lOOpF 

f= 1 kHz 

TLV2361I 
UNIT 

MIN TYP MAX 

1 6 
mV 

7.5 

5 100 
nA 

150 

20 150 
nA 

250 

±1.5 
V 

±1.4 

2 2.4 
V 

2 

-2 -2.4 
V 

-2 

1.75 2.5 
mA 

3 

60 80 dB 

85 dB 

80 dB 

TLV2361I 
UNIT 

MIN TYP MAX 

3 VlIJS 

7 MHz 

8 nV/-.fHz 

6-831 
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TLV2361Y electrical characteristics, VCC± = ±1.5 V, TA = 25°C (unless otherwise noted) 

TLV2361Y 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 

VIO Input offset voltage VO=O, VIC=O 1 

110 Input offset current VO=O, VIC=O 5 

liB Input bias current VO=O, VIC=O 20 

VOM+ Maximum positive-peak output voltage RL= 10ka 1.4 

VOM- Maximum negative-peak output voltage RL= 10ka -1.4 

ICC Supply current VO=O, No load 1.4 

AVO Large-signal differential voltage amplification VO=±l V, RL=10kQ 80 

CMRR Common-mode rejection ratio VIC=±0.5 V VIC =±0.5 V 75 

kSVR Supply-voltage rejection ratio VCC+ = ± 1.5 V to ±2.5 V 80 

TLV2361Y operating characteristics, VCC± = ±1.5 V, TA = 25°C 

TLV2361Y 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 

SR Slew rate AV=l, VI =±0.5V 2.5 

Bl Unity-gain bandwidth AV = 40, RL=10kQ, CL=100pF 6 

Vn Equivalent input noise voltage RS= 100 a, RF=10kQ, f= 1 kHz 9 

TLV2361Yelectricai characteristics, VCC± = ±2.5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage VO=O, VIC=O 

110 Input offset current VO=O, VIC=O 

liB Input bias current VO=O, VIC=O 

VOM+ Maximum positive-peak output voltage RL=10ka 

VOM- Maximum negative-peak output voltage RL=10kQ 

ICC Supply current VO=O, No load 

AVO Large-signal differential voltage amplification VO=± 1 V, RL=10kQ 

CMRR Common-mode rejection ratio VIC =±0.5 V VIC=±0.5V 

kSVR Supply-voltage rejection ratio VCC+ = ± 1.5 V to± 2.5 V 

TLV2361Y operating characteristics, VCC± = ±2.5 V, TA = 25°C 

PARAMETER 

SR Slew rate 

Bl Unity-gain bandwidth 

Vn Equivalent input noise voltage 

EHl32 

TEST CONDITIONS 

AV=I, VI =±0.5V 

AV = 40, RL=10kQ, 

RS = 100Q, RF=10kQ, 

"'TEXAS 
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CL=100pF 

f= 1 kHz 

TLV2361Y 

MIN TYP MAX 

1 

5 

20 

2.4 

-2.4 

1.75 

80 

85 

80 

TLV2361Y 

MIN TYP MAX 

3 

7 

8 

UNIT 

mV 

nA 

nA 

V 

rnA 

dB 

dB 

dB 

UNIT 

V/JJS 

MHz 

nV/'I'Hz 

UNIT 

mV 

nA 

nA 

V 

rnA 

dB 

dB 

dB 

UNIT 

V/JJS 

MHz 

nV/-,'HZ 
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TLV23621 electrical characteristics, VCC+ = ±1.5 V (unless otherwise noted) -

PARAMETER TEST CONDITIONS TA 

25°C 
Via Input offset voltage VO=O, V,C=O 

-20°C to 85°C 

25°C ',0 Input offset current VO=O, V,C=O 
-20°C to 85°C 

25°C 
liB Input bias cu rrent VO=O, V,C=O 

-20°C to 85°C 

V,CR Common-mode input voltage 'V,O' 37.5 mV 
25°C 

-20°C to 85°C 

RL= 10k.(.! 25°C 
VOM+ Maximum positive-peak output voltage 

RL<: 10k.(.! -20°C to 85°C 

RL= 10k.(.! 25°C 
VOM- Maximum negative-peak output voltage 

RL<: 10k.(.! -20°C to 85°C 

25°C 
ICC Supply current (both amplifiers) VO=O, No load 

-20°C to 85°C 

AVD Large-signal differential voltage amplification VO=±1 V, RL= 10k.(.! 25°C 

CMRR Common-mode rejection ratio V'C=±0.5V 25°C 

kSVR Supply-voltage rejection ratio VCC+ = ± 1.5 V to ±2.5 V 25°C 

TLV23621 operating characteristics, VCC± = ±1.5 V, TA = 25°C 

PARAMETER 

SR Slew rate 

B1 Unity-gain bandwidth 

Vn Equivalent input noise voltage 

TEST CONDITIONS 

AV=1, V, =±0.5 V 

AV=40, RL= 10kn, 

RS = 200, RF = 10 k.(.!, 

~TEXAS . 
INSTRUMENTS 
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CL= 100pF 

f= 1 kHz 

TLV23621 
UNIT 

MIN TYP MAX 

1 6 
mV 

7.5 

5 100 
nA 

150 

20 150 
nA 

·250 

±0.5 
V 

+0.5 

1.2 1.4 
V 

1.2 

-1.2 -1.4 
V 

-1.2 

2.8 4.5 
mA 

5.5 

55 dB 

75 dB 

80 dB 

TLV23621 
UNIT 

MIN TYP MAX 

2.5 V/v.s 

6 MHz 

9 nV/...fHZ 

6--833 
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TLV23621 electrical characteristics, VCC± = ±2.S V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA 

25°C 
VIO Input offset voltage VO=O, VIC=O 

-20°C to 85°C 

25°C 
110 Input offset current VO=O, VIC=O 

-20°C to 85°C 

25°C 
liB Input bias current VO=O, VIC=O 

-20°C to 85°C 

VICR Common-mode input voltage IVIOI 37.5 mY' 
25°C 

-20°C to 85°C 

RL=10kO 25°C 
VOM+ Maximum positive-peak output voltage 

RL~10kO -20°C to 85°C 

RL=10kO 25°C 
VOM- Maximum negative-peak output voltage 

RL~ 10 kO -20°C to 85°C 

ICC Supply current (both amplifiers) VO=O, 
25°C 

No load 
-20°C to 85°C 

AVO Large-signal differential voltage amplification VO=±l V, RL=10kO .25°C 

CMRR Common-mode rejection ratio VIC =±0.5 V 25°C 

kSVR Supply-voltage rejection ratio VCC±=± 1.5 Vto±2.5 V 25°C 

TLV23621 operating characteristics, VCC+ = ±2.S V, TA = 25°C -

PARAMETER 

SR Slew rate 

B1 Unity-gain bandwidth 

Vn Equivalent input noise voltage 

6-834 

TEST CONDITIONS 

AV=l, VI =±0.5 V 

AV=40, RL=10kn, 

RS=20n, RF=2 kn, 

~TEXAS 
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CL= 100 pF 

f= 1 kHz 

MIN 

±1.5 

±1.4 

2 

2 

-2 

-2 

MIN 

TLV23621 
UNIT 

TYP MAX 

1 6 
mV 

7.5 

5 100 
nA 

150 

20 150 
nA 

250 

V 

2.4 
V 

-2.4 
V 

3.5 5 
mA 

6 

60 dB 

85 dB 

80 dB 

TLV23621 
UNIT 

TYP MAX 

3 V/IlS 

7 MHz 

8 nV/% 
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TLV2362Yelectricai characteristics, VCC± = ±1.5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TLV2362Y 

MIN TYP MAX 

VIO Input offset voltage VO=O, VIC=O 1 

110 Input offset current VO=O, VIC=O 5 

liB Input bias current VO=O, VIC=O 20 

VOM+ Maximum positive-peak output voltage RL = 10 kfl 1.4 

VOM- Maximum negative-peak output voltage RL= 10kfl -1.4 

ICC Supply current (both amplifiers) VO=O, No load 2.B 

AVO Large-signal differential voltage amplification VO=±1 V, RL=10kfl 55 

CMRR Common-mode rejection ratio VIC=±0.5 V 75 

kSVR Supply-voltage rejection ratio VCC±=± 1.5Vto±2.5 V BO 

TLV2362Y operating characteristics, VCC± = ±1.5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 
MIN 

TLV2362Y 

TYP MAX 

SR Slew rate AV=1, VI =±0.5 V 2.5 

B1 Unity-gain bandwidth AV = 40, RL= 10 kn, CL=100pF 6 

Vn Equivalent Input noise voltage RS =20 Cl, RF=2 kn, f= 1 kHz 9 

TLV2362Y electrical characteristics, VCC± = ±2.5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage VO=O, VIC=O 

110 Input offset current VO=O, VIC=O 

liB Input bias current VO=O, VIC=O 

VOM+ Maximum positive-peak output voltage RL=10kfl 

VOM- Maximum negative-peak output voltage RL=10kfl 

ICC Supply current (both amplifiers) VO=O, No load 

AVO Large-signal differential voltage amplification VO=±1 V, RL= 10kn 

CMRR Common-mode rejection ratio VIC =±0.5 V 

kaVR Supply-voltage rejection ratio VCC±=± 1.5 Vto±2.5 V 

TLV2362Y operating characteristics, Vcc± = ±2.5 V, TA = 25°C 

PARAMETER 

SR Slew rate 

B1 Unity-gain bandwidth 

Vn Equivalent input noise voltage 

TEST CONDITIONS 

AV=1, VI =±0.5 V 

AV=40, RL= 10 kn, 

RS = 20 Cl, RF= 2 kn, 

~TEXAS 
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CL= 100 pF 

f= 1 kHz 

TLV2362Y 

MIN TYP MAX 

1 

5 

20 

2.4 

-2.4 

3.5 

60 

85 

80 

TLV2362Y 

MIN TYP MAX 

3 

7 

B 

UNIT 

mV 

nA 

nA 

V 

mA 

dB 

dB 

dB 

UNIT 

V/IlS 
MHz 

nVf;!Hz 

UNIT 

mV 

nA 

nA 

V 

mA 

dB 

dB 

dB 

UNIT 

V/jlS 

MHz 

nV/;!Hz 

6-835 
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ICC 

VOM+ 

VOM-

VO(PPI 

Vn 

THO 
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TYPICAL CHARACTERISTICS 

Table of Graphs 

vs Free-air temperature 
Supply current 

vs Supply voltage 

Maximl.lm positive output voltage vs Output current 

Maximum negative output voltage vs Output current 

Maximum peak-to-peak output voltage vs Frequency 

Equivalent input noise voltage 

Total harmonic distortion 

vs Frequency 

vs Frequency 

vs Qutput voltage 
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FIGURE , 
2 

3 

·4 

5 

6 

1 

8 



< 
E 
I 

C 
~ 
::I 
(J 

~ a. a. 
::I 
til 
I 
(J 

E 

> 
I 

GI 

I 
~ 
'$ 

i 
0 

~ .. 
0 
II. 

E 
::I 
E 

-= ::!! 
I 
+ 
::!! 
~ 

2.5 

2 

1.5 

0.5 

o 

TLV2361, TLV2361Y, TLV2362, TLV2362Y 
HIGH-PERFORMANCE LOW-VOLTAGE 

OPERATIONAL AMPLIFIERS 
SLOS195- FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

I 
VO=O 
No Load 
Per Channel 

~ ---.- .!I -- VCC=±1.~ 

........------
I-

~ 

< 
E 
I 

C 
~ 
::I 
(J 

~ a. a. 
::I 
til 
I 
(J 

E 

2.5 

2 

1.5 

0.5 

VO=O 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

No Load 
Per Channel 

TA = 85°C 
TA = 75°C 

1-------j----t----7~~ TA = 25°C 
TA=O°C 

TA=-40°C 

-50 -25 0 25 50 75 100 0 
0 ±1 ±2 ±3 ±4 ±5 

2.5 

2 

1.5 

0.5 

o 
o 

TA - Free-Air Temperature - °c 

Figure 1 

MAXIMUM POSITIVE OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

VCC± = ±2.5 V "\ 
TA=25°C 

VCC±=±1~ 

\ 
\ \ 

-0.4 -0.8 -1.2 -1.8 
10 - Output Current - rnA 

Figure 3 
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VCC± - Supply Voltage - V 

Figure 2 

MAXIMUM NEGATIVE OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

VCC±=+1.5V -

VCC+=+2.5V 

4 8 12 
10 - Output Current - rnA 

Figure 4 
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TYPICAL CHARACTERISTICS 
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t:- .... 
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f - Frequency - Hz 

Figure 5 

TOTAL ,HARMONIC DISTORTION 
vs 
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VCC+=+2.5V 
RS=10kQ 
RL=10kQ 
VO=±1.2V 

10M 
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Figure 6 

TOTAL HARMONIC DISTORTION 
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TLV2432, TLV2432A, TLV2432V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 

• Output Swing Includes Both Supply Rails 

• Extended Common-Mode Input Voltage 
Range ... 0 V to 4.5 V (Min) with 5-V Single 
Supply 

• Low Noise ... 18 nVl...JHi Typ at f = 1 kHz 

• Low Input Offset Voltage 
950 j.!V Max at TA = 25°C (TLV2432A) 

description 

The TLV2432 and TLV2432A are dual low-voltage 
operational amplifier from Texas Instruments. The 
common-mode input voltage range for this device 
has been extended over the typical standard 
CMOS amplifiers making it available for a wider 
range of applications. In addition, the device 
exhibits rail-to-rail output performance for in
creased dynamic range in single- or split-supply 
applications. This family is fully characterized at 
3-V and 5-V supplies and is optimized for 
low-voltage operation. The TLV2432 only requires 
100 j.!A (typ) of supply current perchannel, making 
it ideal for battery-powered applications. The 
TLV2432 also has increased output drive over 
previous rail-to-rail operational amplifiers and can 
drive 600-Q loads for telecom applications. 

SLOSI68A- NOVEMBER 1996 - REVISED FEBRUARY 1997 

• Low Input Bias Current .•• 1 pA Typ 

• Very Low Supply Current •.. 125 j.!A Per 
Channel Max 

• 600-0 Output Drive 

• Macromodel Included 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

5~----r-----r-----r-----r----. 

> 
I 

CD 4 
C) 

~ 
~ 
:; 

3 
~ 
0 
'ii 

~ 2 
1: 
C) 

:E 
I 
:c 
-? 

0 
0 4 

TA = 25°C -+l---I---+I~ 
I 

TA =-40°C -1+--+--+-+-.... , 

8 12 16 
IOH - High-Level Output Current - rnA 

Figure 1 

20 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA 
V,ornax SMALL CERAMIC CHIP FORM 
AT 25°C OUTLINE 

CHIP CARRIER CERAMIC DIP TSSOP 
FLAT PACK (Y) 

(D) 
(FK) (JG) (PW) 

(U) 

DOC to 7DoC 2.5mV TLV2432CD - - TLV2432CPWLE -
95DI!V TLV2432AID - - TLV2432AIPWLE - TLV2432Y 

-4DoC to 85°C 
2.5mV TLV24321D - - - -

-55°C to 125°C 
95DI!V - TLV2432AMFK TLV2432AMJG - TLV2432AMU -
2.5mV - TLV2432MFK TLV2432MJG - TLV2432MU 

The D packages are available taped and reeled. Add R suffix to device type (e.g., TLV2432CDR). The PW package is available only left-end taped 
and reeled. Chips are tested at 25°C. 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • OALLAS. TEXAS 75265 

Copyright © 1997. Texas Instruments Incorporated 
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TLV2432, TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

description (continued) 

6-840 

The TLV2432, exhibiting high input impedance and low noise, is excellent for small-signal conditioning for 
high-impedance sources, such as piezoelectric transducers. Because of the micropower dissipation levels and 
low-voltage operation, these devices work well in hand-held monitoring and remote-sensing applications. In 
addition, the rail-to-rail output feature with single- or split-supplies makes this family a great choice when 
interfacing with analog-to-digital converters (ADCs). For precision applications, the TLV2432A is available and 
has a maximum input offset voltage of 950 /lV. 

Ifthe design requires single operational amplifiers, see the TI TLV2211/21/31. This is a family of rail-to-rail output 
operational amplifiers in the SOT-23 package. Their small size and low power consumption, make them ideal 
for high density, battery-powered equipment. 

D OR JG PACKAGE 
(TOP VIEW) 

10UT[]8 VDD+ 
11N- 2 7 20UT 
11N+ 3 6 21N-

VDD_/GND 4 5 21N+ 

FKPACKAGE 
(TOP VIEW) 

I- + 
::::> Cl 

~ ~ ~ ~~ 

NC 
3 2 1 2019 

NC 4 ~8 

11N- 5 17 20UT 
NC 6 16 NC 

11N+ 7 15 21N-
NC 8 14 NC 

9 1011 1213 

(,) Cl (,) + (,) 
z~ z ~ z 

d 
~ 

NC - No internal connection 

10UT 
11N-
11N+ 

VDD_/GND 

NC 
lOUT 
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PWPACKAGE 
(TOP VIEW) 

U PACKAGE 

(TOP VIEW) 

VDD+ 
20UT 
21N-
21N+ 

NC 

VDD+ 
8 20UT 



· TLV2432,TLV2432A,TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

TLV2432Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV2432C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

-= 69 

BONDING PAD ASSIGNMENTS 

11111 1I11' 11111 11111 III II! 111111111111111111111111/' IIIIII 
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11N+ (3) 

11N- (2) 

20UT 

10UT 

21N+ 

(6) 21N-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±100/0. 

ALL DIMENSIONS ARE IN MILS. 

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

6-841 



i equivalent schematic (each amplifier) 
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TLV2432, TLV2432A, TLV2432V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

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

Supply voltage, Voo (see Note 1) ........................................................... 12 V 
Differential input voltage, VIO (see Note 2) .................................................. ±VDD 
Input voltage, VI (any input, see Note 1): C and I suffix ................................ -0.3 V to VDO 
Input current, II (each input) .. :........................................................... ±5 rnA 
Output current, 10 ...................................................................... ±50 rnA 
Total current into VDD+ ................................................................. ±50 rnA 
Total current out of VDD- ............................................................... ±50 rnA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: C suffix ...................................... O°C to 70°C 

I suffix .................................... -40°C to 85°C 
M suffix ................................. -55°C to 125°C 

Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 VDD+ and VDD _. 
2. Differential voltages are at IN+ with respect to IN-. Excessive current flows if input is brought below VDD- - 0.3 V. 
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 TA = 25°C POWER RATING POWER RATING POWER RATING 

D 725mW 5.8mW/oC 464mW 3nmW 145mW 
FK 1375 mW . 11.0 mW/oC 880mW 715mW 275mW 
JG 1050 mW 8.4mW/oC 672mW 546mW 210mW 
PW 525mW 4.2mW/oC 336mW 273mW 105mW 
U 675mW 5.4mW/oC 432mW 350mW 135mW 

recommended operating conditions 

CSUFFIX I SUFFIX MSUFFIX 

Supply voltage, VDD+ 

Input voltage range, VI 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

MIN MAX MIN 

2.7 10 2.7 

VDD- VDD+-l.3 VDD-

VDD- VDD+-l.3 VDD-

0 70 -40 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

UNIT 
MAX MIN MAX 

10 2.7 10 V 

VDD+-l.3 VDD- VDD+-l.3 V 

VDD+ -1.3 VDD- VDD+-l.3 V 

85 -55 125 °C 
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· TLV2432, TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE"INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A- NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, VDD = 3 V (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

aVIO Temperature coefficient 01 input offset voltage 

Input offset voltage long-term drift (see Note 4) 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 

VOH High-level output voltage 

VOL LOW-level output voltage 

AVD Large-signal differential voltage amplification 

fj(d) Differential input resistance 

ri(c) Common-mode input resistance 

Ci(c) Common-mode input capacitance 

zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

kSVR Supply-voltage rejection ratio (liVDoIliVIO) 

IDD Supply cu rrent 

t Full range IS O°C to 70°C. 
=1= Referenced to 2.5 V 

TEST CONDITIONS 

VIC=O, VDD± = ±2.5 V, 
VO=O, RS=50n 

IVI01,,5mV, RS=50n 

10H = -100!1A 

10H =-3 rnA 

VIC=O, 10L = 100!1A 

, VIC=O, 10L= 3 rnA 

VIC =2.5 V, RL=2kn:t: 
VO=1 Vt02V 

RL= 1 Mn:t: 

1=10kHz 

1 = 100 kHz, AV= 10 

VIC =Ot02.5 V, VO= 1.5V, 
RS=50Q 

VDD = 2.7 V to 8 V, 
VIC=VDD/2, No load 

VO=1.5V, No load 

TAt 
TLV2432C 

UNIT 
MIN TYP MAX 

25°C 300 2000 

Full range 2500 
/lV 

25°C 
2 /lVrC 

to 70°C 

25°C 0.003 /lV/mo 

25°C 0.5 

Full range 150 
pA 

25°C 1 

Full range 150 
pA 

0 -0.25 
25°C to to 

2.5 2.75 
V 

0 
Full range to 

2.2 

25°C 2.98 

25°C 2.5 V 

Full range 2.25 

25°C 0.02 

25°C 0.83 V 

Full range 1 

25°C 1.5 2.5 

Full range 1 V/mV 

25°C 750 

25°C 1012 n 

25°C 1012 Q 

25°C 8 pF 

25°C 130 Q 

25°C 70 83 
dB 

Full range 70 

25°C 80 95 
dB 

Full range 80 

25°C 195 250 

Full range 250 
!1A 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours 01 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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TLV2432, TLV2432A, TLV2432V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOSI68A- NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coeffi-
aVIO cient of input offset 

voltage 

Input offset voltage 
long-term drift (see 
Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage 

VOL 
Low-level output volt-
age 

Large-signal differen-

AVD tial voltage amplifica-
tion 

fi(d) 
Differential input re-
sistance 

fi(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

Zo 
Closed-loop output 
impedance 

Common-mode re-
CMRR 

jection ratio 

Supply-voltage rejec-
kSVR tion ratio 

(AVDD/tNIO) 

IDD Supply current 

t Full range is - 40°C to 85°C. 
+ Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 70°C 

VIC=O, VDD± = ±2.5 V, 
VO=O, RS=50Q 25°C 

25°C 

Full range 

25°C 

Full range 

25°C 

IV101,,5mV, RS=50Q 

Full range 

10H = -100 f1A 25°C 

25°C 
IOH=-3mA 

Full range 

. VIC=O, 10L= 100flA 25°C 

25°C 
VIC=O, 10L= 3 mA 

Full range 

RL = 2 kQ+ 
25°C 

VIC=2.5V, Full range 
VO=1 Vt02V 

RL= 1 MQ+ 25°C 

25°C 

25°C 

f=10kHz 25°C 

f = 100 kHz, AV=10 25°C 

VIC = 0 to 2.5 V, VO= 1.5V, 25°C 

RS=50Q Full range 

VDD = 2.7 V to 8 V, 25°C 

VIC=VDD/2, No load Full range 

25°C 
VO=I.5V, No load 

Full range 

TLV24321 TLV2432AI 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2000 300 950 

2500 1500 
flV 

2 2 flV/oC 

0.003 0.003 flV/mo 

0.5 0.5 

150 150 
pA 

1 1 

150 150 
pA 

0 -{).25 0 -0.25 
to to to to 

2.5 2.75 2.5 2.75 
V 

0 0 
to to 

2.2 2.2 

2.98 2.98 

2.5 2.5 V 

2.25 2.25 

0.02 0.02 

. 0.83 0.83 V 

1 1 

1.5 2.5 1.5 2.5 

1 1 V/mV 

750 750 

1012 1012 Q 

1012 1012 Q 

8 8 pF 

130 130 Q 

70 83 70 83 
dB 

70 70 

80 95 80 95 
dB 

80 80 

195 250 195 250 

250 250 
f1A 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at T A = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLV2432, TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL~TO-RAIL OUTPUT 
WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOSl68A- NOVEMBER 1996- REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo= 3 V 

PARAMETER TEST CONomONS 

SR Slew rate at unity gain VO= 1.5 Vto 3.5 V, 
CL = 100 pF:l: 

RL = 2 k.Q:j:, 

1= 10 Hz 
Vn Equivalent input noise voltage 

1= 1 kHz 

VN(PP) Peak-to-peak equivalent input noise voltage 
1=0.1 Hz to 1 Hz 

1=0.1 Hz to 10Hz 

In Equivalent input noise current 

VO=0.5 Vt02.5 V, AV=l 
THD+N Total harmonic distortion plus noise 1= 1 kHz, 

RL = 2 k.Q:j: AV= 10 

Gain-bandwidth product 
1= 10· kHz, RL = 2 k.Q:j:, 
CL= l00pF:j: 

BOM Maximum output-swing bandwidth 
VO(PP)= 1 V, 
RL = 2 k.Q:j:, 

AV=l, 
CL= l00pF:j: 

AV=-l, To 0.1% 

ts Settling time Step = 0.5 V to 2.5 V, 
RL = 2 k.Q:j:, 
CL=100pF:l: To 0.01% 

<!1m Phase margin at unity gain 
RL=2kQ:t:, CL= l00pF:t: 

Gain margin 

t Full range lor the C version is O°C to 70°C. Full range lor the I version is -40°C to 85°C. 
:j: Relerenced to 2.5 V 
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TAt 

25°C 

Full 
range 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

TLV2432C, TLV24321 
TLV2432AI UNIT 

MIN TVP MAX 

0.15 0.25 

0.1 
. V/JlS 

120 

22 
nVNHz 

2.7 

4 
I1V 

0.6 IA*iZ 

0.065% 

0.5% 

0.5 MHz 

220 kHz 

6.4 

I1s 
14.1 

62° 

11 dB 



TLV2432, TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characterist.ics at specified free-air temperature, VOO = 3 V (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coeffi-
(lVIO cient of input offset 

voltage 

Input offset voltage 
long-term drift (see 
Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage 

VOL 
Low-level output volt-
age 

Large-signal differen-

AVO tial voltage amplifica-
tion 

q(d) 
Differential input re-
sistance 

q(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

Common-mode re-
CMRR 

jection ratio 

Supply-voltage rejec-
kSVR tion ratio 

(AVOoiAVIO) 

100 Supply current 

t Full range is - 55°C to 125°C. 
:j: Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 70°C 

VIC=O, VOO± = ±2.5 V, 
VO=O, RS=500 25°C 

25°C 

Full range 

25°C 

Full range 

25°C 

IVI0IS5mV, RS=500 

Full range 

10H = -100!IA 25°C 

25°C 
IOH=-3mA 

Full range 

VIC=O, 10L = 100!IA 25°C 

25°C 
VIC=O, 10L= 3mA 

Full range 

RL = 2 kn+ 
25°C 

VIC=2.5V, Full range 
VO=1 Vt02V 

RL=1 MO+ 25°C 

25°C 

25°C 

f=10kHz 25°C 

f = 100 kHz, AV= 10 25°C 

VIC = 0 to 2.5 V, VO=1.5V, 25°C 

RS=50n Full range 

VOO=2.7Vt08V, 25°C 

VIC=VOO/2, No load Full range 

25°C 
VO=1.5V, No load 

Full range 

TLV2432M TLV2432AM 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2000 300 950 

2500 2000 
!IV 

2 2 !lV/oC 

0.003 0.003 !lV/mo 

0.5 0.5 

150 150 
pA 

1 1 

300 300 
pA 

0 -<l.25 0 -<l.25 
to to to to 

2.5 2.75 2.5 2.75 
V 

0 0 
to to 

2.2 2.2 

2.98 2.98 

2.5 2.5 V 

2.25 2.25 

0.02 0.02 

0.83 0.83 V 

1 1 

1.5 2.5 1.5 2.5 

0.5 0.5 V/mV 

750 750 

1012 1012 0 

1012 1012 n 

8 8 pF 

130 130 n 

70 83 70 83 
dB 

70 70 

80 95 80 95 
dB 

80 80 

195 250 195 250 

260 260 
!IA 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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. 

~TEXAS 
INSTRUMENTS 

POST OFFICE SOX 655303 • DALLAS, TEXAS 75265 6-847 



TLV2432,.TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER .1996 ~ REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain Va = 1.5 Vto 3.5 V, 
CL = 100 pF:j: 

RL=2kO:j:, 

1 = 10 Hz 
Vn Equivalent input noise voltage 

1= 1 kHz 

1 = 0.1 Hz to 1 Hz 
VN(PP) Peak-to-peak equivalent input noise voltage 

1 = 0.1 Hz to 10 Hz 

In Equivalent input noise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BaM Maximum output-swing bandwidth 

ts Settling time 

+m Phase margin at unity gain 

Gain margin 

t Full range is -55°C to 125°C. 
:j: Relerenced to 2.5 V 

6-848 

Va =0.5 Vt02.5 V, AV=1 
1= 1 kHz, 
RL=2kO:j: AV=10 

1=10 kHz, RL=2kO:j:, 
CL= 100pF:j: 

VO(PP) = 1 V, AV=1, 
RL=2kO:j:, CL=100pF:i: 

AV=-1, To 0.1% 
Step = 0.5 V to 2.5 V, 
RL=2kO:j:, 
CL= 100pF:j: To 0.01% 

RL=2kO:j:, CL= 100 pF+ 
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TAt 

25°C 

Full 
range 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

TLV2432M 
TLV2432AM UNIT 

MIN TVP MAX 

0.15 0.25 

0.1 
V/IlS 

120 

22 
nVlv'Hz 

2.7 

4 IlV 

0.6 IAv'Hz 

0.065% 

0.5% 

0.5 MHz 

220 kHz 

6.4 

IJ.S 
14.1 

62° 

11 dB 



TLV2432, TLV2432A,TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, VDD = 5 V (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

aVIO Temperature coefficient of input offset voltage 

Input offset voltage long-term drift (see Note 4) 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 

VOH High-level output voltage 

VOL Low-level output voltage 

AVO Large-signal differential voltage amplification 

qed) Oifferential input resistance 

q(c) Common-mode input resistance 

ciCcI Common-mode input capacitance 

zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

ksVR Supply-voltage rejection ratio (aVoolaVIO) 

100 Supply current 

t Full range IS O°C to 70°C, 
:j: Referenced to 2,5 V 

TEST CONDITIONS 

VIC=O, VOO± = ±2,5 V, 
VO=O, RS=50Q 

IVIOI,;;5mV, RS=50Q 

10H = -100 I1A 

IOH=-5mA 

VIC = 2,5 V, 10L = 100 I1A 

VIC=2,5V, IOL=5mA 

VIC=2,5V, RL = 2 k.Q:f: 
VO= 1 Vt04V 

RL=l MQ:j: 

f=10kHz 

f = 100 kHz, AV=10 

VIC = 0 to 4,5 V, VO=2,5V, 
RS=50Q 

VOO = 4,4 V to 8 V, 
VIC = VOO/2, No load 

Vo =2,5 V, No load 

TAt 
TLV2432C 

UNIT 
MIN TYP MAX 

25°C 300 2000 

Full range 2500 
I1V 

25°C 
2 I1V/oC 

to 70°C 

25°C 0,003 I1V/mo 

25°C 0,5 

Full range 150 
pA 

25°C 1 

Full range 150 
pA 

0 -0,25 
25°C to to 

4,5 4,75 
V 

0 
Full range to 

4,2 

25°C 4,97 

25°C 4 4,35 V 

Full range 4 

25°C 0.Q1 

25°C 0,8 V 

Full range 1,25 

25°C 2,5 3,8 

Full range 1,5 V/mV 

25°C 950 

25°C 1012 Q 

25°C 1012 Q 

25°C 8 pF 

25°C 130 Q 

25°C 70 90 
dB 

Full range 70 

25°C 80 95 
dB 

Full range 80 

25°C 200 250 

Full range 250 
I1A 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV2432, TLV2432A, TLV2432V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE~INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOSI68A- NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, VDD = 5 V (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature 
aVIO coefficient of input 

offset voltage 

Input offset voltage 
long-term drift (see 
Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage -

VOL 
Low-level output 
voltage 

Large-signal 

AVO differential voltage 
amplification 

rj(d) 
Differential input 
resistance 

rj(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage 
kSVR rejection ratio 

(.\VOO/,\VIO) 

100 Supply current 

t Full range is - 40°C to 85°C. 
:j: Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 70°C 

VIC=O, VOO± = ±2.5 V, 
VO=O, RS=500 25°C 

25°C 

Full range 

25°C 

Full range 

25°C 

IV101s;5mV, RS=500 

Full range 

10H = -100 J.LA 25°C 

25°C 
IOH=-5mA 

Full range 

VIC=2.5V, 10L = 100 J.LA 25°C 

25°C 
VIC=2.5V, IOL=5mA 

Full range 

25°C 
VIC=2.5V, RL=2 kn+ 

Full range 
VO= 1 Vt04 V 

RL=1 MO+ 25°C 

25°C 

25°C 

f=10kHz 25°C 

f = 100 kHz, AV=10 25°C 

VIC = 0 to 4.5 V, VO=2.5V, 25°C 

RS=500 Full range 

VOO = 4.4 V to 8 V, 25°C 

VIC=VOO/2, No load Full range 

25°C 
VO=2.5V, No load 

Full range 

TLV24321 TLV2432AI 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2000 300 950 

2500 1500 
J.lV 

2 2 J.lV/oC 

0.003 0.003 J.lV/mo 

0.5 0.5 

150 150 
pA 

1 1 

150 150 
pA 

0 -0.25 0 -0.25 
to to to to 

4.5 4.75 4.5 4.75 
V 

0 0 
to to 

4.2 4.2 

4.97 4.97 

4 4.35 4 4.35 V 

4 4 

0.01 0.Q1 

0.8 0.8 V 

1.25 1.25 

2.5 3.8 2.5 3.8 

1.5 1.5 V/mV 

950 950 

1012 1012 0 

1012 1012 0 

8 8 pF 

130 130 0 

70 90 70 90 
dB 

70 70 

80 95 80 95 
dB 

80 80 

200 250 200 250 

250 250 
J.LA 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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 aV. 
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TLV2432,TLV2432A, TLV2432V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain Va = 1.5 Vt03.5 V, 
CL = 100 pF+ 

RL=2 kQ+, 

1= 10 Hz 
Vn Equivalent input noise voltage 

1= 1 kHz 

1=0.1 Hz to 1 Hz 
VN(PP) Peak-to-peak equivalent input noise voltage 

1=0.1 Hz to 10 Hz 

In Equivalent input noise current 

VO= 1.5 Vto 3.5 V, AV= 1 
THD+N Total harmonic distortion plus noise 1= 1 kHz, 

RL=2 kQ+ AV= 10 

Gain-bandwidth product 
1= 10 kHz, RL=2 kQ+, 
CL = 100 pF+ 

BaM Maximum output-swing bandwidth 
VO(pp)=2V, 
RL=2kQ+, 

AV= 1, 
CL = 100 pF+ 

AV=-l, To 0.1% 

ts Settling time Step = 1.5 V to 3.5 V, 
RL=2kQ+, 
CL = 100 pF+ To 0.01% 

<Pm Phase margin at unity gain 
RL=2kQ:t:, CL= 100pF:t: 

Gain margin 

t Full range lor the C version is O°C to 70°C. Full range lor the I version is -40°C to 85°C. 
+ Relerenced to 2.5 V 
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TlV2432C, TlV24321 

TAt TlV2432AI UNIT 
MIN TYP MAX 

25°C 0.15 0.25 

Full 
0.1 

VlflS 

range 

25°C 100 
nVI'i'Hz 

25°C 18 

25°C 1.9 

25°C 2.8 
flY 

25°C 0.6 IA'i'Hz 

0.045% 
25°C 

0.4% 

25°C 0.55 MHz 

25°C 100 kHz 

6.4 

25°C flS 
13.1 

25°C 66° 

25°C 11 dB 
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TLV2432, TLV2432A, TLV2432V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, VDD = 5 V (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature 
(lYIO coefficient of input 

offset voltage 

Input offset voltage 
long-term drift (see 
Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage 

VOL 
Low-level output 
voltage 

Large-signal 

AVD differential voltage 
amplification 

rj(d) 
Differential input 
resistance 

rj(c) 
Common-mode input 
resistance 

Ci(c) 
Common-mode input 
capacitance 

Zo 
Closed-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage 

ksVR rejection ratio 
(aVDoIaVIO) 

IDD Supply current 

t Full range IS - 55°C to 125°C. 
+ Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 70°C 

VIC=O, VDD± = ±2.5 V, 
VO=O, RS=500 25°C 

25°C 

Full range 

25°C 

Full range 

25°C 

IVI01S;5mV, RS=500 

Full range 

IOH=-100~ 25°C 

25°C 
10H =-5mA 

Full range 

VIC=2.5V, 10L= 100~ 25°C 

25°C 
VIC=2.5V, IOL=5mA 

Full range 

RL=2kO+ 
25°C 

VIC=2.5V, 
VO= 1 Vt04 V 

Full range 

RL=1 MO+ 25°C 

25°C 

25°C 

f= 10kHz 25°C 

f = 100 kHz, AV=10 25°C 

VIC = 0 to 4.5 V, VO=2.5V, 25°C 

RS=500 Full range 

VDD = 4.4 V to 8 V, 25°C 

VIC=VDD/2, No load Full range 

25°C 
VO=2.5V, No load 

Full range 

TLV2432M TLV2432AM 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2000 300 950 

2500 2000 
~V 

2 2 ~V/oC 

0.003 0.003 ~V/mo 

0.5 0.5 

150 150 
pA 

1 1 

300 300 
pA 

0 -{).25 0 -{).25 
to to to to 

4.5 4.75 4.5 4,.75 
V 

0 0 
to to 

4.2 4.2 

4.97 4.97 

4 4.35 4 4.35 V 

4 4 

0.01 0.Q1 

0.8 0.8 V 

1.25 1.25 

2.5 3.8 2.5 3.8 

0.5 0.5 V/mV 

950 950 

1012 1012 0 

1012 1012 0 

8 8 pF 

130 130 0 

70 90 70 90 
dB 

70 70 

80 95 80 95 
dB 

80 80 

200 250 200 250 

270 270 
~ 

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at TA = 150°C extrapolated 
to i A = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLV2432, TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

VN(PP) Peak-to-peak equivalent input noise voltage 

In Equivalent input noise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BOM Maximum output-swing bandwidth 

ts Settling time 

<Pm Phase margin at unity gain 

Gain margin 

t Full range IS -55°C to 125°C. 
:I: Referenced to 2.5 V 

TEST CONDITIONS 

VO= 1.5 Vt03.5 V, 
CL = 100 pF:I: 

RL=2 kQ:I:, 

f= 10 Hz 

f= 1 kHz 

f = 0.1 Hz to 1 Hz 

f= 0.1 Hz to 10 Hz 

Vo = 1.5 V to 3.5 V, AV=1 
f= 1 kHz, 
RL=2 kQ:I: AV= 10 

f = 10 kHz, RL=2 kQ:I:, 
CL = 100pF:I: 

VO(PP) =2V, AV=l, 
RL=2kQ:I:, CL=100pF:!: 

AV=-l, To 0.1% 
Step = 1.5 V to 3.5 V, 
RL=2kQ:I:, 
CL = 100 pF:I: To 0.01% 

RL=2kQ+, CL = 100 pF+ 
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TLV2432M 

TAt TLV2432AM UNIT 
MIN TYP MAX 

25°C 0.15 0.25 

Full 
0.1 

V/fJ.S 

range 

25°C 100 

25°C 
nV/..JHz 

18 

25°C 1.9 

25°C 2.8 
fJ.V 

25°C 0.6 fA"Hz 

0.045% 
25°C 

0.4% 

25°C 0.55 MHz 

25°C 100 kHz 

6.4 

25°C fJ.S 
13.1 

25°C 66° 

25°C 11 dB 
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TLV2432,TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL· TO·RAIL OUTPUT 
WIDE·INPUT·VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 3 V, TA = 25°C (unles$ otherwise 
noted) 

TLV2432Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 
VIO Input offset voltage 300 iJ.V 

aVIO Temperature coefficient of input offset voltage 2 iJ.VfoC 

Input offset voltage long-term drift (see Note 4) 
VIC =0, VOO± = ±2.5 V, 

0.003 I:lV/mo VO=O, RS=500 
110 Input offset current 0.5 pA 

liB Input bias current 1 pA 

-0.25 

VICR Common-mode input voltage range IV101:!>5mV, RS=500 to V 
2.75 

10H=-IOO I:lA 2.98 
VOH High-level output voltage V 

IOH=-3mA 2.5 

VIC=O, 10L = 100 I:lA 0.02 
VOL Low-level output voltage V 

VIC=O, 10L= 3mA 0.83 

VIC=2.5V, I RL=2 kOt 2.5 
AVO Large-signal differential voltage amplification VfmV 

Vo = 1 V to 4 V I RL = 1 MOt 750 

ti(d) Differential input resistance 1012 0 

ti(c) Common-mode input resistance 1012 0 

Cilc) Common-mode input capacitance f= 10kHz 8 pF 

zo Closed-loop output impedance f = 100 kHz, AV=10 130 0 

CMRR Common-mode rejection ratio 
VIC = 0 to 2.5 V, VO=I.5V, 

83 dB 
RS=50n 

kSVR Supply-voltage rejection ratio (.1.VOol.1.VIO) 
VOO= 2.7Vt08V, 

95 dB 
VIC = VOO/2, No load 

100 Supply current VO=I.5V, No load 195 I:lA 
t Referenced to 2.5 V 
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV2432, TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 3 V, TA = 25°C 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

VN(PP) Peak-to-peak equivalent input noise voltage 

In Equivalent input noise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BaM Maximum output-swing bandwidth 

Is Settling time 

4>m Phase margin at unity gain 

Gain margin 

t Referenced to 2.5 V 

TEST CONDITIONS 

Va = 1.5 Vto 3.5 v, 
CL = 100 pFt 

f= 10Hz 

f = 1 kHz 

f = 0.1 Hz to 1 Hz 

1=0.1 Hz to 10Hz 

Va = 0.5 V to 2.5 V, 
f= 1 kHz, 
RL = 2 kQt 

f= 10 kHz, 
CL = 100 pFt 

VO(PP)= 1 V, 
RL = 2 kQt, 

AV=-l, 
Step = 0.5 V to 2.5 V, 
RL=2kQ:t:, 
CL = 100 pFt 

RL=2kQt, 

~TEXAS 
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RL=2 kQt, 

Av=l 

AV=10 

RL=2kQt, 

AV=l, 
CL = 100 pFt 

To 0.1% 

To 0.01% 

CL= 10cipFt 
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TLV2432Y 
UNIT 

MIN TYP MAX 

0.25 V/JJS 

120 
nV/VHz 

22 

2.7 

4 
JlV 

0.6 fAVHz 

0.065% 

0.5% 

0.5 MHz 

220 kHz 

6.4 

JJS 
14.1 

62° 

11 dB 
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TLV2432, TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE-INPUT-VOLTAGEDUAL OPERATIONAL AMPLIFIE.RS 
SLOSI68A- NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, VDD = 5 V, TA = 25°C (unless otherwise 
noted) 

TLV2432Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

VIO Input offset voltage 300 ILV 

uVIO Temperature coefficient of input offset voltage 2 ILV/oC 

Input offset voltage long-term drift (see Note 4) VIC=O, VOO± = ±2.5 V, 0.003 ILV/mo 
VO=O, RS=500 

110 Input offset current 0.5 pA 

liB Input bias current 1 pA 

-{).25 

VICR Common-mode input voltage range IV101,;5mV, RS=500 to V 
4.75 

10H = -100 !LA 4.97 
VOH High-level output voltage V 

IOH=-5mA 4.35 

VIC=2.5V, 10l = 100 !LA 0.01 
VOL low-level output voltage V 

VIC=2.5V, IOl=5mA 0.8 

VIC=2.5V, I Rl=2 kOt 3.8 
AVO large-signal differential voltage amplification V/mV 

Vo = 1 V to 4 V I Rl = 1 Mot 950 

q(d) Differential input resistance 1012 0 

q(c) Common-mode input resistance 1012 0 

Ci(c) Common-mode input capacitanc;e f= 10 kHz 8 pF 

Zo Closed-loop output impedance f= 100kHz, AV=10 130 0 

CMRR Common-mode rejection ratio 
VIC = 0 to 4.5 V, VO=2.5V, 

90 dB 
RS=500 

kSVR Supply-voltage rejection ratio (L\.VOolL\.VIO) 
VOO = 4.4 V to 8 V, 

95 dB 
VIC = VOO/2, No load 

100 Supply current VO=2.5V, No load 200 !LA 
t Referenced to 2.5 V 
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLV2432, TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A- NOVEMBER 1996 - REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 5 V, TA = 25°C 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

VN(PP) Peak-to-peak equivalent input noise voltage 

In Equivalent input noise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BOM Maximum output-swing bandwidth 

ts Settling time 

<l>m Phase margin at unity gain 

Gain margin 

t Relerenced to 2.5 V 

TEST CONDITIONS 

VO= 1.5 Vto 3.5 V, 
CL = 100 pFt 

1= 10 Hz 

1= 1 kHz 

1 = 0.1 Hz to 1 Hz 

1=0.1 Hz to 10Hz 

VO= 1.5 Vto 3.5 V, 
1= 1 kHz, 
RL=2 k.Qt 

1=10 kHz, 
CL = 100 pFt 

VO(pp)=2V, 
RL = 2 k.Qt, 

AV=-l, 
Step = 1.5 V to 3.5 V, 
RL = 2 k.Ot, 
CL = 100 pFt 

RL = 2 k.Ot, 
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RL = 50 k.Qt, 

AV=l 

AV=10 

RL =2 k.Qt, 

AV=l, 
CL = 100 pFt 

To 0.1% 

To 0.01% 

CL = 100 pFt 
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TLV2432Y 
UNIT 

MIN TVP MAX 

0.25 V/JlS 

100 

18 
nV/VHz 

1.9 

2.8 
J.1V 

0.6 IAVHz 

0.045% 

0.4% 

0.55 MHz 

100 kHz 

6.4 

IlS 
13.1 

66° 

11 dB 
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TLV2432, TLV2432A, TLV2432Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

Via 

aVIO 

IlsliiO 

VOH 

VOL 

VO(PP) 

lOS 

VID 

AVO 

Zo 

CMRR 

kSVR 

100 

SR 

Va 

Va 

Va 

Va 

Vn 

THD+N 

<l>m 

81 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLV2432 
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Figure 2 
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TYPICAL CHARACTERISTICS 
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TLV2432, TLV2432A, TLV2432V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS168A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using Microsim Parts™, the model generation software used 
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in Figure 51 are generated using 
the TLV2432 typical electrical and operating characteristics at T A = 25°C. Using this information, output 
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity-gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 
• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 
• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Intergrated Circuit Operational Amplifiers", IEEE 
Journal of Solid-State Circuits, SC-9, 353 (1974). 

DLN 
3 EGND + 

...----+111--.. 92 

RP 
2 

IN - -e-+--I---~t+-....J 

IN+ -e-+--I------!---!---' 

R2 

VB -=-
HLiM 

5 
VCC-~~~----~~-I--+_~~~~-----------__. 

.SUBCKT TLV2432 1 2345 
C1 11 12 3.560E-12 
C2 6 7 15.00E-12 
DC 5 53 DX 
DE 54 5 DX 
DLP 90 91 DX 
DLN 92 90 DX 
DP 4 3 DX 
EGND 99 0 POLY (2) (3,0) (4,0) 0 .5 .5 
FB 7 99 POLY (5) VB VC VE VLP 
+ VLN 0 21.04E6 -30E6 30E6 30E6 -30E6 
GA 6 0 11 1247.12E-6 
GCM 0 6 10 994.9E-9 
ISS 3 10 DC 8.250E-6 
HUM 90 0 VUM 1 K 
J1 11 2 10JX 
J2 12 1 10JX 
R2 6 9 100.0E3 

OUT 

RD1 60 11 21.22E3 
RD2 60 12 21.22E3 
R01 8 5 120 
R02 7 99 120 
RP 3 4 26.04E3 
RSS 10 99 24.24E6 
VAD 60 4 -.6 
VB 9 0 DCO 
VC 3 53 DC .65 
VE 54 4 DC .65 
VUM 7 8 DCO 
VLP 91 0 DC 1.4 
VLN 0 92 DC 9.4 
.MODEL DX D (IS=800.0E-18) 
.MODEL JX PJF (IS=500.0E-15 BETA=281 E-6 
+ VTO=-.065) 
.ENDS 

Figure 51. Boyle Macromodel and Subcircuit 

PSpice and Parts are trademarks of MicroSim Corporation. 
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TLV2442, TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 

• Output Swing Includes Both Supply Rails • Low Input Bias Current ••• 1 pA Typ 

• 600-0 Output Drive 

• High-Gain Bandwidth ..• 1.8 MHz Typ 

• Extended Common-Mode Input Voltage 
Range ... 0 V to 4.25 V (Min)at 5-V Single 
Supply 

• Low Noise .•. 16 nVl-v'Hz Typ at f = 1 kHz 
• Low Supply Current .•. 750 ~A Per Channel 

Typ 
• Low Input Offset Voltage • Macromodel Included 

950 ~V Max at TA = 25°C (TLV2442A) 

description 

The TLV2442 and TLV2442A are dual low-voltage 
operational amplifier from Texas Instruments. The 
common-mode input voltage range of this devices 
has been extended over typical standard CMOS 
amplifiers making it available for a wider range of 
applications. In addition, the device exhibits 
rail-to-rail output performance for increased 
dynamic range in single- or split-supply applica
tions. This family is fully characterized at 3-V and 
5-V supplies and is optimized for low-voltage 
operation. These devices offer comparable ac 
performance while having better noise, input 
offset voltage, and power dissipation than existing 
CMOS operational amplifiers. The TLV2442 has 
increased output drive over previous rail-to-rail 
operational amplifiers and can drive 600-0 loads 
for telecommunications applications. 
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AVAILABLE OPTIONS 

2 

0 
0 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

2 4 6 8 10 

IOH - High-Level Output Current - mA 

Figure 1 

12 

PACKAGED DEVICES 

TA 
VIOmax SMALL CERAMIC CHIP FORM 
AT 25°C OUTLINE 

CHIP CARRIER CERAMIC DIP TSSOP 
FLAT PACK (Y) 

(D) 
(FK) (JG) (PW) 

(U) 

O°C to 70°C 2.5mV TLV2442CD - - TLV2442CPWLE -
950llV TLV2442AID - - TLV2442AIPWLE - TLV2442Y 

-40°C to 85°C 
2.5mV TLV24421D - - - -

-55°C to 125°C 
950llV - TLV2442AMFK TLV2442AMJG - TLV2442AMU 
2.5mV - TLV2442MFK TLV2442MJG - TLV2442MU -

The D packages are available taped and reeled. Add R suffix to device type (e.g., TLV2442CDR). The PW package IS available only left-end taped 
and reeled. Chips are tested at 25°C. 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
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Copyright © 1997, Texas Instruments Incorporated 
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TLV2442, TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL· TO·RAIL OUTPUT 
WIDE·INPUT·VOLTAGEDUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY .1997 

description (continued) 

6-876 

The TLV2442, exhibiting high input impedance and low noise, is excellent for small-signal conditioning for 
high-impedance sources, such as piezoelectric transducers. Because of the micropower dissipation levels and 
low-voltage operation, these devices work well in hand-held monitoring and remote-sensing applications. In 
addition, the rail-to-rail output feature with single- or split-supplies makes this family a great choice when 
interfacing with analog-to-digital converters (ADCs). For precision applications, the TLV2442A is available and 
has a maximum input offset voltage of 950 J,1V. 

Ifthe design requires single operational amplifiers, see the TI TLV2211/21/31. This is a family of rail-to-rail output 
operational amplifiers in the SOT-23 package. Their small size and low power consumption, make them ideal 
for high density, battery-powered equipment. 

o OR JG PACKAGE 
(TOP VIEW) 

10UTua VDD+ 
11N- 2 7 20UT 
11N+ 3 6 21N-

VDD_/GND 4 5 21N+ 

NC 4 
11N- 5 

NC 6 
11N+ 7 

NC a 

FKPACKAGE 
{TOP VIEW) 

+ I-

U5 u$u 
Z~Z Z 

3 2 1 2019 
1a 

17 

16 

15 

14 
9 1011 1213 

UO U;;l:U 
Za Z N Z 

~ 
.g 

NC - No internal connection 

NC 
20UT 
NC 
21N-
NC 

10UT 
11N
lIN+ 

Voo_/GND 

NC 
10UT 
11N-
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PWPACKAGE 
(TOP VIEW) 

UPACKAGE 
{TOP VIEW) 

VDO+ 
20UT 
21N-
21N+ 

NC 
Voo+ 

a 20UT 
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TLV2442, TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

TLV2442V chip information 

This chip, when properly assembled, displays characteristics similar to the TLV2442C. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

.: 69 

BONDING PAD ASSIGNMENTS 

111'1' l'II'I';II,! 11 1 1'1'll\II'I'I'I'I'I'I'III'III'II{ t 1'1'1' 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

(3) 
11N+ 

11N- (2) 

20UT 

10UT 

21N+ 

(6) 21N-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

TERMINAL (4) IS INTERNALLY 
CONNECTEll TO BACKSIDE OF CHIP. 
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equiva1ent schematic (each amplifier) 
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TLV2442,TLV2442A,TLV2442V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A- NOVEMBER 1996- REVISED FEBRUARY 1997 

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

Supply voltage, Voo (see Note 1) ........................................................... 12 V 
Differential input voltage, VID (see Note 2) .................................................. ±VDO 
Input voltage, VI (any input, see Note 1) ............................................. -0.3 V to VOO 
Input current, 'I (any input) ............................................................... ±5 mA 
Output current, 10 ...................................................................... ±50 mA 
Total current into Voo+ ................................................................. ±50 mA 
Total current out of Voo- ............................................................... ±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ............................. unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: C suffix ....................................... O°C to 70°C 

I suffix ..................................... -40°C to 85°C 
M suffix ................................... -55°C to 125°C 

Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .................. . . . . . . . . . . . .. 260°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 VDD+ and VDD _. 
2. Differential voltages are at IN+ with respect to IN -. Excessive current will flow if input is brought below VDD- - 0.3 V. 
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 TAS25°C DERATING FACTOR TA = 70°C TA=85°C TA = 125°C 
POWER RATING ABOVE TA:;: 25°C POWER RATING POWER RATING POWER RATING 

D 725mW 5.8mW/oC 464mW 377mW 145mW 
FK 1375mW 11.0mW/oC 880mW 715mW 275mW 
JG 1050mW 8.4 mW/oC 672mW 546mW 210mW 
PW 525mW 4.2 mW/oC 336mW 273mW 105mW 
U 675mW 5.4 mW/oC 432mW 350mW 135mW 

recommended operating conditions 

CSUFFIX I SUFFIX MSUFFIX 

Supply vo~age, VDD 

Input voltage range, VI 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

MIN MAX 

2.7 10 

VDD- VDD+-1.3 

VDD- VDD+-1.3 

0 70 

~.TEXAS 
INSTRUMENTS 

MIN 

2.7 

VDD-

VDD-

-40 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

UNIT 
MAX MIN MAX 

10 2.7 10 V 

VDD+-1.5 VDD- VDD+-1.3 V 

VDD+-1.5 VDD- VDD+-1.3 V 

85 -55 125 °C 
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TLV2442,TLV2442A,TLV2442Y 
Advanced LlnCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE~INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, VDD = 3 V (unless otherwise noted) 

TAt 
TLV2442C 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX 

25°C 300 2000 
VIO Input offset voltage' 

Full range 2500 
~V 

Temperature coefficient of input offset 25°C 
2 ~V!°C aVIO voltage to 70°C 

Input offset voltage long-term drift VIC=O, VO=O, 25°C 0.002 ~V/mo (see Note 4) RS=50Q 

25°C 0.5 
110 Input offset current 

Full range 150 
pA 

25°C 1 
liB Input bias current 

Full range 150 
pA 

0 -0.25 
25°C to to 

2.25 2.5 
VICR Common-mode input voltage range IV101S:5mV, RS=50Q V 

0 
Full range to 

2 

IO=-100~ 25°C 2.98 

VOH High-level output voltage 25°C 2.5 V 
lo=-3mA 

Full range 2.25 

VIC=O, 10= 100~ 25°C 0.02 

VOL Low-level output voltage 25°C 0,63 V 
VIC=O, 10=3mA 

Full range 1 

25°C 0.7 1 

AVD 
Large-signal differential voltage 

VO=1 Vt02V 
RL=600Q 

Full range 0.4 V/mV 
amplification 

RL=1 mQ 25°C 750 

rid Differential input resistance 25°C 1012 Q 

q Common-mode input resistance 25°C 1012 Q 

ci Common-mode input capacitance f= 10kHz 25°C 8 pF 

Zo Closed-loop output impedance 1=1 MHz, AV=10 25°C 130 Q 

VIC = 0 to 2.25 V, VO=I.5V, 25°C 65 75 
CMRR Common-mode rejection ratio dB 

RS=50Q Full range 55 

Supply-voltage rejection ratio VDD = 2.7 V to 8 V, VIC=VDoI2, 25°C 80 95 
ksVR dB 

(L\VDD±lt.vIO) No load Full range 80 

25°C 1.5 2.2 
IDD Supply current VO=I.5V, No load mA 

Full range 2.2 

t Full range IS O°C to 70°C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours 01 operating lile test at TA = 150°C extrapolated 

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

6-880 
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TLV2442, TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise noted) 

TAt 
TLV24421 TLV2442AI 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 300 2000 300 950 
VIO Input offset voltage 

Full range 2500 1500 
!lV 

Temperature coefficient 25°C 
2 2 !lV/DC aVIO of input offset voltage to 85°C 

Input offset voltage 
VIC=O, VO=O, long-term drift 25°C 0.002 0.002 !lV/mo 

(see Note 4) RS=50a 

25°C 0.5 0.5 
110 Input offset current 

Full range 150 150 
pA 

25°C 1 1 
liB Input bias current 

Full range 150 150 
pA 

0 -0.25 0 -0.25 
25°C to to to to 

Common-mode input 2.25 2.5 2.25 2.5 
VICR voltage range 

IVIOI s;5mV, RS=50a V 
0 0 

Full range to to 
2 2 

10 =-100 I!A 25°C 2.98 2.98 

VOH 
High-level output 

25°C 2.5 2.5 V 
voltage 10=-3mA 

Full range 2.25 2.25 

VIC=O, 10 = 100 I!A 25°C 0.02 0.02 

VOL 
Low-level output 

25°C 0.63 0.63 V 
voltage VIC=O, 10=3mA 

Full range 1 1 

25°C 0.7 1 0.7 1 

AVO 
Large-signal differential 

VO= 1 Vt02V 
RL=600a 

Full range 0.4 0.4 V/mV 
voltage amplification 

RL= 1 ma 25°C 750 750 

rid 
Differential input 

25°C 1012 1012 a 
resistance 

q 
Common-mode input 

25°C 1012 1012 a 
resistance 

ci 
Common-mode input 

f=10kHz 25°C 8 8 pF 
capacitance 

zo 
Closed-loop output 

1= 1 MHz, AV= 10 25°C 130 130 a 
impedance 

Common-mode VIC = 0 to 2.25 V, 25°C 65 75 65 75 
CMRR dB 

rejection ratio VO= 1.5 V, RS=50a Full range 55 55 

Supply-voltage 
VOO =2.7Vto 8 V, 25°C 80 95 80 95 

kSVR rejection ratio dB 
(c.VOO±/C.VIO) VIC = Vool2, No load Full range 80 80 

25°C 1.45 2.2 1.45 2.2 
100 Supply current VO=1.5V, No load mA 

Full range 2.2 2.2 

t 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 01 0.96 eV. 
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TLV2442, TLV2442A, TLV2442V 
Advanced LinCMOSTM RAIL· TO·RAIL OUTPUT 
WIDE·INPUT·VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER TEST CONomONS 

SR Slew rate at unity gain 
VO=±2.3V, RL = 600 a, 
CL=100pF 

1= 10 Hz 
Vn Equivalent input noise voltage 

1= 1 kHz 

1= 0.1 Hz to 1 Hz 
VN(PP) Peak-to-peak equivalent input noise voltage 

1=0.1 Hzt010Hz 

In Equivalent input noise current 

Vo = 0.5 Vto 2.5 V, AV=1 

THD+N Total harmonic distortion plus noise RL = 600 a, AV=10 
1=1 kHz AV=100 

Gain-bandwidth product 
I =10 kHz, RL = 600 a, 
CL=100pF 

BOM Maximum output-swing bandwidth VO(PP) = 1 V, RL= 600 a, 
AV=1, CL=100pF 

AV=-1, To 0.1% 

ts Settling time Step = -2.3 V to 2.3 V, 
RL=600a, 
CL=100pF To 0.01% 

«I>m Phase margin at unity gain 

Gain margin 
RL=600a, CL=100pF 

t Full range for the C version is O°C to 70°C. Full range lor the I version is -40°C to 85°C. 
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TAt 

25°C 

Full 
range 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

TLV2442C, TLV24421 
TLV2442AI UNIT 

MIN TYP MAX 

0.65 1.3 

0.65 
V/)IS 

170 

18 
nV/'I'HZ 

2.6 

5.1 
I1V 

0.6 fAl'I'HZ 

0.08% 

0.3% 

2% 

1.75 MHz 

0.9 MHz 

1.5 
)IS 

3.2 

65° 

9 dB 



TLV2442,TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 3 V (unless otherwise noted) 

TAt 
TLV2442M TLV2442AM 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 300 2000 300 950 
VIO Input offset voltage 

Full range 2500 1600 
IlV 

Temperature coefficient 25°C 
2 2 IlV/oC a.VIO 01 input offset voltage to 85°C 

Input offset voltage 
VIC=O, VO=O, long-term drift 25°C 0.002 0.002 llV/mo 

(see Note 4) RS=500 

25°C 0.5 0.5 
110 Input offset current 

Full range 150 150 
pA 

25°C 1 1 
liB Input bias current 

Full rllnge 260 260 
pA 

0 -0.25 0 -0.25 
25°C to to to to 

Common-mode input 2.25 2.5 2.25 2.5 
VICR IV101,;;5mV, RS=500 V 

voltage range 0 0 
Full range to to 

2 2 

10 =-100 I!A 25°C 2.98 2.98 

VOH 
High-level output 

25°C 2.5 2.5 V 
voltage 10=-3mA 

2.25 Full range 2.25 

VIC=O, 10 = 100 I!A 25°C 0.02 0.02 

VOL 
Low-level output 

25°C 0.63 0.63 V 
voltage VIC=O, 10=3mA 

Full range 1 1 

25°C 0.7 1 0.7 1 

AVD 
Large-signal differential 

VO=1 Vt02V 
RL=6000 

Full range 0.4 0.4 V/mV 
voltage ampmication 

RL=1 mO 25°C 750 750 

fjd 
Differential input 

25°C 1012 1012 0 
resistance 

fj 
Common-mode input 

25°C 1012 1012 0 
resistance 

ci 
Common-mode input 

1=10kHz 25°C 8 8 pF 
capacHance 

zo 
Closed-loop output 

1= 1 MHz, AV=10 25°C 130 130 0 
impedance 

Common-mode VIC = 0 to 2.25 V, 25°C 65 75 65 75 
CMRR dB 

rejection ratio VO=1.5V, RS=500 Full range 50 50 

Supply-voltage 
VDD = 2.7 V to 8 V, 25°C 80 95 80 95 

kSVR rejection ratio dB 
(aVDD±/aVIO) VIC=VDoI2, No load Full range 80 80 

25°C 1.45 2.2 1.45 2.2 
IDD Supply current VO= 1.5 V, No load mA 

Full range 2.2 2.2 

t Full range IS - 55°C to 125°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 01 0.96 eV. 
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TLV2442, TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMP.LIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 3 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain 
VO=±2.3V, RL",SOO0, 
CL=100pF 

1 = 10 Hz 
Vn Equivalent input noise voltage 

1= 1 kHz 

1"'0.1 Hz to 1 Hz 
VN(PP) Peak-to-peak equivalent input noise voltage 

! = 0.1 Hz to 10Hz 

In Equivalent input noise current 

THD+ N Total harmonic distortion plus noise 

Gain-bandwidth product 

BOM Maximum output-SWing bandwidth 

ts Settling time 

<Pm Phase margin at unity gain 

Gain margin 

t Full range IS -55°C to 125°C. 

6-884 

Vo = 0.5 V to 2.5 V, AV=1 

RL=SOO0, AV= 10 
!= 1 kHz AV= 100 

!",10kHz, RL=SOO0, 
CL=100pF 

VO(pp)=1 V, RL=SOOO, 
AV=1, CL=100pF 

AV=-1, ToO.1% 
Step = -2.3 V to 2.3 V, 
RL = SOO 0, 
CL= 100pF To 0.01% 

RL = SOO 0, CL=100pF 

~TExAs 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TAt 

25°C 

Full 
range 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

TLV2442M 
TLV2442AM UNIT 

MIN TYP MAX 

0.S5 1.3 

0.4 
V/jJS 

170 

18 
nV/VHz 

2.S 

5.1 
j.lV 

O.S IAlVHz 

0.08% 

0.3% 

2% 

1.75 MHz 

0.9 MHz 

1.5 
jJS 

3.2 

S5° 

9 dB 



TLV2442, TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature coefficient of input offset 
aVIO voltage 

Input offset voltage long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 

VOH High-level output voltage 

VOL low-level output voltage 

AVO Large-signal differential voltage amplification 

qd Oifferential input resistance 

ri Common-mode input resistance 

ci Common-mode input capacitance 

Zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

kSVR Supply-voltage rejection ratio (AVOO/AVIO) 

100 Supply current 

t Full range IS O°C to 70°C. 
:j: Referenced to 2.5 V 

TEST CONDITIONS 

VOO± = ±2.5 V, VIC=O, 
VO=O, RS=50n 

IVI01~5mV, RS=50n 

10H = -100 j.LA 

IOH=-5mA 

VIC=2.5V, 10l = 100 j.LA 

VIC=2.5V, 10l= 5mA 

VIC=2.5V, Rl = 600 o:j: 
VO=l Vt04V 

Rl= 1 mo:j: 

f=10kHz 

f=l MHz, AV= 10 

VIC = 0 to 4.25 V, VO=2.5V, 
RS=500 

VOO = 4.4 V to 8 V, 
VIC=VOO/2, No load 

VO=2.5V, No load 

TAt 
TlV2442C 

UNIT 
MIN TYP MAX 

25°C 300 2000 

Full range 2500 
j.lV 

25°C 
2 j.lV/oC 

to 70°C 

25°C 0.002 j.lV/mo 

25°C 0.5 

Full range 150 
pA 

25°C 1 

Full range 150 
pA 

0 --0.25 
25°C to to 

4.25 4.5 
V 

0 
Full range to 

4 

25°C 4.97 

25°C 4 4.35 V 

Full range 4 

25°C 0.01 

25°C 0.8 V 

Full range 1.25 

25°C 0.9 1.3 

Full range 0.5 V/mV 

25°C 950 

25°C 1012 0 

25°C 1012 0 

25°C 8 pF 

25°C 140 n 

25°C 70 75 
dB 

Full range 70 

25°C 80 95 
dB 

Full range 80 

25°C 1.5 2.2 
rnA 

Full range 2.2 

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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TLV2442, TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, VDD = 5 V (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature 
aVIO coefficient of input 

offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage 

VOL 
Low-level output 
voltage 

Large-signal 

AVD differential 
voltage amplification 

qd 
Differential input 
resistance 

q 
Common-mo,de input 
resistance 

ci 
Common-mode input 
capacitance 

Zo 
Closed-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage 
kSVR rejection ratio 

(AVDD/AVIO) 

IDD Supply current 

t Full range IS - 40°C to 85°C. 
:j: Referenced to 2.5 V 

TAt TEST CONDITIONS 
MIN 

25°C 

Full range 

25°C 
to 85°C 

VDD± = ±2.5 V, VIC=O, 
VO=O, RS=500 25°C 

25°C 

Full range 

25°C 

Full range 

0 
25°C to 

4.25 
IVI01::;5mV, RS=500 

0 
Full range to 

4 

IOH=-100~ 25°C 

25°C 4 
IOH=-5mA 

Full range 4 

VIC=2.5V, IOL=100~ 25°C 

VIC=2.5V, IOL=5 mA 
25°C 

Full range 

RL= 600 O:j: 
25°C 0.9 

VIC=2.5V, Full range 0.5 
VO= 1 Vt04 V 

RL= 1 mO:j: 25°C 

25°C 

25°C 

f=10kHz 25°C 

f= 1 MHz, AV=10 25°C 

VIC = 0 to 4.25 V, VO= 2.5 V, 25°C 70 

RS=500 Full range 70 

VDD= 4.4 Vt08 V, 25°C 80 

VIC = VDD/2, No load Full range 80 

25°C 
VO=2.5V, No load 

Full range 

TLV24421 TLV2442A1 

TYP MAX MIN TYP MAX 
UNIT 

300 2000 300 950 

2500 1500 
~V 

2 2 lJV/oC 

0.002 0.002 ~V/mo 

0.5 0.5 

150 150 
pA 

1 1 

150 150 
pA 

-0.25 0 -0.25 
to to to 

4.5 4.25 4.5 
V 

0 
to 
4 

4.97 4.97 

4.35 4 4.35 V 

4 

0.Q1 0.01 

0.8 0.8 V 

1.25 1.25 

1.3 0.9 1.3 

0.5 V/mV 

950 950 

1012 1012 0 

1012 1012 0 

8 8 pF 

140 140 0 

75 70 75 
dB 

70 

95 80 95 
dB 

80 

1.5 2.2 1.5 2.2 
mA 

2.2 2.2 

NOTE 4: Typical values are b~sed on the input offset voltage shift observed through 168 hours of operating life teet at TA = 150°C sxtrapc!atad 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLV2442,TLV2442A,TLV2442Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A- NOVEMBER 1996 - REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain 
Vo = 0.5 V to 2.5 V, 
RL = 600 n:l:, CL = 100 pF:I: 

1= 10 Hz 
Vn Equivalent input noise voltage 

1= 1 kHz 

Peak-to-peak equivalent input noise 1=0.1 Hz to 1 Hz 
VN(PP) voltage. 1=0.1 Hz to 10Hz 

In Equivalent input noise current 

Vo = 1.5 Vto 3.5 V, AV= 1 

THD+N Total harmonic distortion plus noise 1= 1 kHz, AV= 10 
RL= 600 n:l: AV= 100 

Gain-bandwidth product 
I =10 kHz, RL=600n:l:, 
CL= 100pR 

BOM Maximum output-swing bandwidth 
VO(pp)=2V, AV=l, 
RL= 600 n:l:, CL= 100pF:I: 

AV=-l, ToO.l% 

ts Settling time 
Step = 0.5 V to 2.5 V, 
RL= 600 n:l:, 
CL = 100 pF:I: To 0.01% 

<Pm Phase margin at unity gain 
RL=600n:t:, CL = 100 pF:t: 

Gain margin 

t Full range lor the C suffiX IS O°C to 70°C. Full range lor the I suffiX IS - 40°C to 85°C. 
:I: Relerenced to 2.5 V 
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TLV2442C, TLV24421 

TAt TLV2442AI UNIT 

MIN TYP MAX 

25°C 0.75 1.4 

Full range 0.75 
V/I,lS 

25°C 130 
nV/~ 

25°C 16 

25°C 1.8 

25°C 3.6 
IlV 

25°C 0.6 IAI~ 

0.017% 

25°C 0.17% 

1.5% 

25°C 1.81 MHz 

25°C 0.5 MHz 

1.5 

25°C I,lS 
2.6 

25°C 68° 

25°C 8 dB 
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TLV2442y TLV2442Ay TLV2442V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

PARAMETER 

VIO Input offset voltage 

Temperature 
aVIO coefficient of input 

offset voltage 

Input offset voltage 
long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

Common-mode input 
VICR voltage range 

VOH 
High-level output 
voltage 

VOL 
Low-level output 
voltage 

large-signal 

AVD differential voltage 
amplification 

tid 
Differential input 
resistance 

ti 
Common-mode input 
resistance 

ci 
Common-mode input 
capacitance 

zo 
Closed-loop output 
impedance 

Common-mode 
CMRR 

rejection ratio 

Supply-voltage 

ksVR rejection ratio 
(aVDD/aVIO) 

IDD Supply current 

t Full range IS - 55°C to 125°C. 
:I: Referenced to 2.5 V 

TEST CONDITIONS TAt 

25°C 

Full range 

25°C 
to 85°C 

VDD± = ±2.5 V, VIC=O, 
VO=O, RS=500 25°C 

25°C 

Full range 

25°C 

Full range 

25°C 

IV101:S:5mV, RS=500 

Full range 

10H = -100 I!A 25°C 

25°C 
IOH=-5mA 

Full range 

VIC=2.5V, 10l = 100 I!A 25°C 

25°C 
VIC=2.5V, 10l= 5mA 

Full range 

Rl=6000:l: 
25°C 

VIC=2.5V, 
Full range 

VO= 1 Vt04V 
Rl= 1 mO:l: 25°C 

25°C 

25°C 

f=10kHz 25°C 

f=l MHz, AV=10 25°C 

VIC = 0 to 4.25 V, VO= 2.5 V, 25°C 

RS=50n Full range 

VDD = 4.4 V to 8 V, 25°C 

VIC=VDD/2, No load Full range 

25°C 
VO=2.5V, No load 

Full range 

TlV2442M TlV2442AM 

MIN TYP MAX MIN TYP MAX 
UNIT 

300 2000 300 950 

2500 1600 
ltV 

2 2 ltV/oC 

0.002 0.002 ItV/mo 

0.5 0.5 

150 150 
pA 

1 1 

260 260 
pA 

0 -{).25 0 -{).25 
to to to to 

4.25 4.5 4.25 4.5 ! V 
0 0 

to to 
4 4 

4.97 4.97 

4 4.35 4 4.35 V 

4 4 

0.01 0.01 

0.8 0.8 V 

1.25 1.25 

0.9 1.3 0.9 1.3 

0.5 0.5 V/mV 

950 950 

1012 1012 0 

1012 1012 0 

8 8 pF 

140 140 n 

70 75 70 75 
dB 

70 70 

80 95 80 95 
dB 

80 80 

1.5 2.2 1.5 2.2 
mA 

2.2 2.2 

NOTE 4: Typical values ai6 based on the input offset voltage shift oos9iVed thiOUgh 168 hOUiS of opeiating life test at TA ;;;;;; 150°C extiapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLV2442, TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL· TO·RAIL OUTPUT 

WIDE·INPUT·VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

Peak-to-peak equivalent input noise 
VN(PP) voltage 

In Equivalent input noise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BaM Maximum output-swing bandwidth 

ts Settling time 

«Pm Phase margin at unity gain 

Gain margin 

t Full range IS - 55°C to 125°C. 
:t: Referenced to 2.5 V 

TEST CONDITIONS 

Va = 0.5 V to 2.5 V, 
RL= 600 n:t:, CL = 100 pF:t: 

1= 10 Hz 

1= 1 kHz 

1 = 0.1 Hz to 1 Hz 

1=0.1 Hz to 10Hz 

Va = 1.5 V to 3.5 V, Av=l 

f= 1 kHz, AV=10 
RL=600n:t: AV=100 

f =10 kHz, RL=600n:t:, 
CL = 100 pF:t: 

VO(pp)=2V, AV=l, 
RL =600 n:t:, CL = 100 pF:t: 

AV=-l, To 0.1% 
Step = 0.5 V to 2.5 V, 
RL = 600 n:t:, 
CL = 100 pF:t: To 0.01% 

RL = 600 n:t:, CL= 100pF:t: 
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TLV2442M 

TAt TLV2442AM UNIT 
MIN TYP MAX 

25°C 0.75 1.4 

Full range 0.5 
V/flS 

25°C 130 
nV/;!Hz 

25°C 16 

25°C 1.8 

25°C 3.6 
flY 

25°C 0.6 IAI-{Hz 

0.017% 

25°C 0.17% 

1.5% 

25°C 1.81 MHz 

25°C 0.5 MHz 

1.5 

25°C flS 
2.6 

25°C 68° 

25°C 8 dB 
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TLV2442, TLV2442A, TLV2442V 
Advanced LinCMOSTM RAIL· TO-RAIL OUTPUT 
WIDE·INPUT·VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 3 V, TA = 25°C (unless otherwise 
noted) . 

TLV2442Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

VIO Input offset voltage 300 !lV 

aVIO Temperature coefficient of input offset voltage 2 !lV/oC 

Input offset voltage long-term drift (see Note 4) VIC=O, VO=O, 0.002 !lV/mo 
RS=50n 

110 Input offset current 0.5 pA 

liB Input bias current 1 pA 

-0.25 

VICR Common-mode input voltage range IVI0Is5mV, RS=50n to V 
2.5 

10 = -100 I1A 2.98 
VOH High-level output voltage V 

10=-3mA 2.5 

10 = 100 I1A 0.02 
VOL Low-level output voltage VIC=O V 

10=3mA 0.63 

RL=600n 1 
AVD Large-signal differential voltage amplification VO=±4V V/mV 

RL=1 mn 750 

qd Differential input resistance 1012 n 

tj Common-mode input resistance 1012 n 

ci Common-mode input capacitance f=10kHz 8 pF 

zo Closed-Ioopoutput impedance f=1 MHz, AV=10 130 n 

CMRR Common-mode rejection ratio 
VIC = 0 to 2.25 V, VO=1.5V, 

75 dB 
RS=50n 

kaVR Supply-voltage rejection ratio (b.VDD±hWIO) 
VDD = 2.7 V to 8 V, VIC = VDot2, 95 dB 
No load 

IDD Supply current VO'" 1.5 V, No load 1.5 rnA 

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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TLV2442, TLV2442A,TLV2442Y 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 

WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

operating characteristics at specified free-air temperature, Voo = 3 V, TA = 25°C 

SR 

Vn 

VN(PP) 

In 

THD+N 

BOM 

ts 

<Pm 

PARAMETER 

Slew rate at unity gain 

Equivalent input noise voltage 

Peak-to-peak equivalent input noise voltage 

Equivalent input noise current 

Total harmonic distortion plus noise 

Gain-bandwidth product 

Maximum outp!Jt-swing bandwidth 

Settling time 

Phase margin at unity gain 

Gain margin 

TEST CONDITIONS 

YO=±2.3V, 
CL= 100 pF 

f=10Hz 

f= 1 kHz 

f = 0.1 Hz to 1 Hz 

f= 0.1 Hz to 10 Hz 

Vo = 0.5 V to 2.5 V, 
RL=600Q, 
f= 1 kHz 

f =10 kHz, 
CL= 100 pF 

VO(PP)= 1 V, 
RL = 600 0, 

Ay=-l, 
Step = -2.3 V to 2.3 V, 
RL = 600 0, 
CL=100pF 

RL = 600 0, 

~TEXAS 
INSTRUMENTS 

RL= 6000, 

Ay=l 

AV= 10 

Ay = 100 

RL= 6000, 

Ay=l, 
CL= 100pF 

ToO.l% 

To 0.01% 

CL= 100pF 
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TLY2442Y 
UNIT 

MIN TYP MAX 

1.3 V/IlS 

170 
nV/VHz 

18 

2.6 

5.1 
IlV 

0.6 fAlVHz 

0.08% 

0.3% 

2% 

1.75 MHz 

0.9 MHz 

1.5 

IJ.S 
3.2 

650 

9 dB 
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TLV2442, TLV2442A, TLV2442V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WtDE;.INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOSI69A- NOVEMBER 1996 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, VDD = 5 V, TA = 25°C (unless otherwise 
noted) 

TLV2442V 
PARAMETER TEST CONDITIONS UNIT 

MIN TVP MAX 

VIO Input offset voltage 300 I1V 

Input offset voltage long-term drift (see Note 4) VDD± = ±2.5 V, VIC=O, 0.002 I1V/mo 

110 Input offset current VO=O, RS=50a ,0.5 pA 

liB Input bias current 1 pA 

-0.25 
VICR Common-mode input voltage range IV101:;;5mV, RS=50a to V 

4.5 

10H = -100 I1A 4.97 
VOH High-level output voltage V 

IOH=-5mA 4.35 

LOW-level output voltage 
10L = 100 I1A 0.01 

VOL VIC=2.5V V 
10L= 5mA 0.8 

VIC=2.5V, RL=600at 1.3 
AVD Large-signal differential voltage amplification V/mV 

VO= 1 Vt04V RL= 1 mat 950 

rid Differential input resistance 1012 a 

ri Common-mode input resistance 1012 a 

ci Common-mode input capacitance f=10kHz 8 pF 

Zo Closed-loop output impedance 1=1 MHz, AV= 10 140 a 

CMRR Common-mode rejection ratio VIC = 0 to 4.25 V, VO=2.5V 75 dB 

kSVR Supply-voltage rejection ratio (ll.VDD/ll.VIO) VDD = 4.4 V to B V, VIC=VDnl2 95 dB 

IDD Supply current VO=2.5V, No load 1.5 rnA 

t Referenced to 2.5 V 
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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Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
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operating characteristics at specified free-air temperature, Voo = 5 V, TA = 25°C 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

VN(PP) Peak-to-peak equivalent input noise voltage 

In Equivalent input noise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BaM Maximum output-swing bandwidth 

ts Settling time 

<l>m Phase margin at unity gain 

Gain margin 

t Relerenced to 2.5 V 

TEST CONDITIONS 

Va = 0.5 V to 2.5 V, 
RL=600nt, CL = 100 pFt 

1= 10 Hz 

1= 1 kHz 

1=0.1 Hz to 1 Hz 

1=0.1 Hz to 10Hz 

VO= 1.5 Vto 3.5 V, AV=1 

1= 1 kHz, AV=10 
RL=600nt AV= 100 

1 =10 kHz, RL=600n,t 
CL = 100 pFt 

VO(pp)=2V, AV=l, 
RL = 600 nt, CL = 100 pFt 

AV=-1, ToO.l% 
Step = 0.5 V to 2.5 V, 
RL = 600 nt, 
CL = 100 pFt 

RL = 600 nt, 
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To 0.01% 

CL = 100 pFt 
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TLV2442Y 
UNIT 

MIN TYP MAX 

1.4 V/I,J.S 

130 

16 
nV/vHz 

1.8 

3.6 
IlV 

0.6 IA/VHz 

0.017% 

0.17% 

1.5% 

1.81 MHz 

0.5 MHz 

1.5 

I,J.S 
2.6 

680 

8 dB 
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TYPICAL CHARACTERISTICS 

Table of Graphst 

Via Input offset voltage 
Distribution 
vs Common-mode voltage 

aVIO Input offset voltage temperature coefficient Distribution 

IIBIIIO Input bias and input offset currents vs Free-air temperature 

VOH High-Ievel.output voltage vs High-level output current 

VOL Low-level output voltage vs Low-level output current 

VO(PP) Maximum peak-to-peak output voltage vs Frequency 

10$ Short-circuH output current 
vs Supply voltage 
vs Free-air temperature 

Va Output voltage vs Differential Input voltage 

vs Load resistance 

AVD Differential voltage amplification vs Frequency 
vs Free-air temperature 

Zo Output impedance vs Frequency 

CMRR Common-mode rejection ratio 
vs Frequency 
vs Free-air temperature 

kgVR Supply-voltage rejection ratio 
vs Frequency 
vs Free-air temperature 

IDD Supply current vs Supply voltage 

SR Slew rate 
vs Load capacitance 
vs Free-air temperature 

Inverting large-signal pulse response vs Time 

Voltage-follower large-signal pulse response vs Time 
Va 

Irwerting small-signal pulse response vs Time 

Voltage-follower small-signal pulse response vsTime 

Vn Equivalent input noise voltage vs Frequency 

Noise voltage Over a 10-second period 

THD+N Total harmonic distortion plus noise vs Frequency 

Gain-bandwidth product 
vs Free-air temperature 
vs Supply voltage 

<Pm Phase margin 
vs Frequency 
vs Load capacitance 

Gain margin vs Load capacitance 

B1 Unity-gain bandwidth vs Load capacitance 

t For all graphs where VDD = 5 V, all loads are referenced to 2.5 V. 
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TYPICAL CHARACTERISTICS 
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GAIN-BANDWIDTH PRODUCT 
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TA - Free-Air Temperature - °C 

Figure 46 
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TLV2442, TLV2442A, TLV2442Y 
Advanced LinCMOSTM RAIL· TO-RAIL OUTPUT 

WIDE-IN PUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

GAIN-BANDWIDTH PRODUCT 
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TLV2442, TLV2442A, TLV2442V 
Advanced LinCMOSTM RAIL-TO-RAIL OUTPUT 
WIDE-INPUT-VOLTAGE DUAL OPERATIONAL AMPLIFIERS 
SLOS169A - NOVEMBER 1996 - REVISED FEBRUARY 1997 

APPLICATION INFORMATION 

macromodel information 

Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle 
macromodel (see Note 5) and subcircuit in Figure 53 were generated using the TLV2442 typical electrical and 
operating characteristics at T A = 25°C. Using this information, output simulations of the following key parameters 
can be generated to a tolerance of 20% (in most cases): 

• Maximum positive output voltage swing • Unity gain frequency 

• Maximum negative output voltage swing • Common-mode rejection ratio 

• Slew rate • Phase margin 
• Quiescent power dissipation • DC output resistance 

• Input bias current • AC output resistance 

• Open-loop voltage amplification • Short-circuit output current limit 

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integated Circuit Operational Amplifiers," IEEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 

DLN 
3 

92 

91 
+ 

RP VLP VLN 

IN - --t--I---<III+--' 
2 + 

-::- -::- -::-

IN+ _-I--t----+--I-----' 

R01 

5 
VCC-~~~----~-~~_e~~~----------~-__ 

VE 

.SUBCKT TLV2442 1 2345 
C1 11 12 14E-12 
C2 6 7 60.00E-12 
DC 5 53 DX 
DE 54 5 DX 
DLP 90 91 DX 
DLN 92 90 DX 
DP 4 3 DX 
EGND 99 0 POLY (2) (3,0) (4,) 0 .5 .5 
FB 99 0 POLY (5) VB vC VE VLP VLN 0 
+ 984.9E3 -1E61E61E6-1E6 
GA 6 0 11 12377.0E-6 
GCM 0 6 10 99134E-9 
ISS 3 10 DC 216.0E-6 
HUM 90 0 VUM 1 K 
J1 11 2 10JX 
J2 12 1 10JX 
R2 6 9 100.0E3 

OUT 

RD1 60 11 2.653E3 
RD2 60 12 2.653E3 
R01 8 5 50 
R02 7 99 50 
RP 3 4 4.310E3 
RSS 10 99 925.9E3 
VAD 60 4 -.5 
VB 9 0 DCO 
VC 3 53 DC .78 
VE 54 4 DC .78 
VUM 7 8 DCO 
VLP 91 0 DC 1.9 
VLN 0 92 DC 9.4 
.MODEL DX D (IS=800.0E-18) 
.MODEL JX PJF (IS=1.500E-12BETA=1.316E-3 
+VTO~.270) 
.ENDS 

Figure 51. Boyle Macromodel and Subcircuit 

PSpice and Parts are registered trademarks of MicroSim COrporation. 
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JlA741 , JlA741Y 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

• Large Common-Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-Up 
• Designed to Be Interchangeable With 

Fairchild ~741 

description 

The ~741 is a general-purpose operational 
amplifier featuring offset-voltage null capability. 

The high common-mode input voltage range and 
the absence of latch-up make the amplifier ideal 
for voltage-follower applications. The device is 
short-circuit protected and the internal frequency 
compensation ensures stability without external 
components. A low value potentiometer may be 
connected between the offset null inputs to null 
out the offset voltage as shown in Figure 2. 

The ~A741C is characterized for operation from 
O°C to 70°C. The ~7 411 is characterized for 
operation from -40°C to 85°C.The ~A741 M is 
characterized for operation over the full military 
temperature range of -55°C to 125°C. 

symbol 

OFFSET N1 ----, 

IN+ 

IN-

OFFSET N2 ----' 

OUT 

~TEXAS 
INSTRUMENTS 

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992 

~741M ... J PACKAGE 
(TOP VIEW) 

NC NC 
NC NC 

OFFSET N1 NC 
IN- Vcc+ 
IN+ OUT 

VCC- OFFSET N2 
NC NC 

~741M ..• JG PACKAGE 
IlA741C, ~7411 ... D, P, OR PW PACKAGE 

(TOP VIEW) 

OFFSET N1 D8 NC 
IN- 2 7 Vcc+ 
IN+ 3 6 OUT 

Vcc- 4 5 OFFSET N2 

~741M ... U PACKAGE 
(TOP VIEW) 

NC, 
OFFSETN1 

NC 

OFFSET N2 

~741M ... FK PACKAGE 
(TOP VIEW) 

~ 

z 
I-w en u-

au-ooo zOzzz 

NC 
3 2 1 2019 

NC 4 18 
IN- 5 17 Vcc+ 
NC 6 16 NC 
IN+ 7 15 OUT 
NC 8 14 NC 

9 10 11 1213 

0 OONO 
Z zzz 
~ tu 

en u-u-
0 

NC - No internal connection 

Copyright © 1992, Texas Instruments Incorporated 
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J,lA741 , J,lA741Y 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992 

AVAILABLE OPTIONS 

PACKAGED DEVICES 
CHIP 

TA SMALL CHIP CERAMIC CERAMIC PLASTIC 
TSSOP 

FLAT FORM 
OUTLINE CARRIER DIP DIP DIP 

(PW) 
PACK (Y) 

(D) (FK) (J) (JG) (P) (U) 

0°9 to 70°C uA741CD uA741CP uA741CPW uA741Y 

-40°C to 85°C uA7411D uA7411P 

-55°C to 125°C uA741MFK uA741MJ uA741MJG uA741MU 

The D package IS available taped and reeled. Add the suffix R (e.g., uA741 CDR). 

schematic 
r-----------~~------~----------------------._--- VCC+ 

IN- -----------l-~f---__, 

IN+ 

OFFSETN1 

OFFSETN2 

6-910 

OUT 

L-__ ~ ____ ~~-4~ ____ ~~ ________ ~~ ____ ~ __ ~ ____ ~___ VCC-

Component Count 

Transistors 22' 
Resistors 11 
Diode 
Capacitor 

~TEXAS 
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~741Y chip information 

J.1A741 , J.1A741Y 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992 

This chip, when properly assembled, displays characteristics similar to the 1lA741C. 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 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 

~TEXAS 
INSTRUMENTS 

IN+ 

IN

OFFSETN1 

OFFSETN2 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

T Jmax = 150°C. 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 
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/lA741 , /lA741Y 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992 

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

f1A741C f1A741 I f1A741M UNIT 

Supply voltage, VCC+ (see Note 1) 18 22 22 V 

Supply voltage, VCC- (see Note 1) -18 -22 -22 V 

Differential input voltage, VID (see Note 2) ±15 ±30 ±30 V 

Input voltage, VI any input (see Notes 1 and 3) ±15 ±15 ±15 V 

Voltage between offset null (either OFFSET Nl or OFFSET N2) and VCC- ±15 ±D.5 ±D.5 V 

Duration of output short circuit (see Note 4) unlimited unlimited unlimited 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, TA Ot070 -40 to 85 -55 to 125 °c 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 °c 

Case temperature for. 60 seconds FKpackage 260 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds J, JG, or U package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D, P, or PW package 260 260 °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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-. 

6-912 

2. Differential voltages are at IN+ with respect to IN-. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
4. The output may be shorted to ground or either power supply. For the f1A741 M only, the unlimited duration of the short circuit applies 

at (or below) 125°C case temperature or 75°C free-air temperature. 

PACKAGE 
TA,,25°C 

POWER RATING 

D 500mW 

FK 500mW 

J 500mW 

JG 500mW 

P 500mW 

PW 525mW 

U 500mW 

DISSIPATION RATING TABLE 

DERATING DERATE TA = 70°C 
FACTOR ABOVETA POWER RATING 

5.8mW/oC 64°C 464mW 

11.0mW/oC 105°C 500mW 

11.0 mW/oC 105°C 500mW 

8.4 mW/oC 90°C 500mW 

N/A N/A 500mW 

4.2 mW/oC 25°C 336mW 

5.4 mW/oC 57°C 432mW 

~TEXAS 
INSTRUMENTS 
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TA=85°C TA = 125°C 
POWER RATING POWER RATING 

377mW N/A 

500mW 275mW 

500mW 275mW 

500mW 210mW 

500mW N/A 

N/A N/A 

351 mW 135mW 



JlA741 , JlA741Y 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992 

electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless otherwise noted) 

PARAMETER 
TEST 

TAt 
/JA741C 1JA7411, 1JA741 M 

UNIT 
CONDITIONS MIN TYP MAX MIN TYP MAX 

25°C 1 6 1 5 
VIO Input offset voltage VO=O mV 

Full range 7.5 6 

aVIO(adj) Offset voltage adjust range VO=O 25°C ±15 ±15 mV 

25°C 20 200 20 200 
110 Input offset current VO=O nA 

Full range 300 500 

25°C 80 500 80 500 
liB Input bias current VO=O nA 

Full range 800 1500 

Common-mode input 25°C ±12 ±13 ±12 ±13 
VICR V 

voltage range Full range ±12 ±12 

RL= 10kO 25°C ±12 ±14 ±12 ±14 

Maximum peak output RL",10kO Full range ±12 ±12 
YOM voltage swing 

V 
RL=2kO 25°C ±10 ±13 ±10 ±13 

RL",2 kQ Full range ±10 ±10 

Large-signal differential RL",2 kQ 25°C 20 200 50 200 
AVD V/mV 

voltage amplification VO=±10V Full range 15 25 

1j Input resistance 25°C 0.3 2 0.3 2 MQ 

ro Output resistance VO=O, See Note 5 25°C 75 75 Q 

Ci Input capacitance 25°C 1.4 1.4 pF 

Common-mode rejection 25°C 70 90 70 90 
CMRR 

ratio VIC = VICRmin dB 
Full range 70 70 

Supply voltage sensitivity 25°C 30 150 30 150 
kSVS 

(aVIOlaVCC) 
VCC = ±9 V to ±15 V 

Full range 150 150 
/JVN 

lOS Short-circuit output current 25°C ±25 ±40 ±25 ±40 mA 

25°C 1.7 2.8 1.7 2.8 
ICC Supply current VO=O, No load mA 

Full range 3.3 3.3 

25°C 50 85 50 85 
PD Total power dissipation VO=O, No load mW 

Full range 100 100 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for 
the /.1A741C is O°C to 70°C, the /.1A741 I is -40°C to 85°C, and the /.1A741M is -55°C to 125°C. 

NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 

operating characteristics, VCC± = ±15 V, TA = 25°C 

PARAMETER 

tr Rise time 

Overshoot factor 

SR SI?w rate at unity gain 

TEST CONDITIONS 
MIN 

VI =20mV, RL=2kO, 
CL = 100 pF, See Figure 1 

VI =10V, RL=2kO, 
CL=100pF, See Figure 1 

~TEXAS 
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1JA741C 

TYP 

0.3 

5% 

0.5 
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1JA741 I, 1JA741M 
UNIT 

MAX MIN TYP MAX 

0.3 /JS 
5% 

0.5 V//Js 
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J,tA741, J,tA741Y 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992 

electrical characteristics at specified free-air temperature, Vcc± = ±15 V, TA = 25°C (unless 
Qtherwise noted) 

PARAMETER TEST CONDITIONS 
1lA741Y 

UNIT 
MIN TYP MAX 

VIO Input offset voltage VO=O 1 6 mV 

L1VIO(adj) Offset voltage adjust range VO=O ±15 mV 

110 Input offset current VO=O 20 200 nA 

liB Input bias current VO=O 80 500 nA 

VICR Common-mode input voltage range ±12 ±13 V 

RL=10kn ±12 ±14 
YOM Maximum peak output voltage swing V 

RL=2kn ±10 ±13 

AVD large-signal differential voltage amplification RL",2kn 20 200 V/mV 

11 Input resistance 0.3 2 Mn 

ro Output resistance VO=O, See Note 5 75 n 

Ci Input capacitance 1.4 pF 

CMRR Common-mode rejection ratio VIC = VICRmin 70 90 dB 

kSVS Supply voltage sensitivity (L1VIO/L1VCC) VCC=±9Vto±15V 30 150 IlVN 

lOS Short-circuit output current ±25 ±40 mA 

ICC Supply current VO=O, No load 1.7 2.8 mA 

PD Total power dissipation VO=O, No load 50 85 mW 
. . .. .. 

tAli charactenstlcs are measured under open-loop conditions with zero common-mode voltage unless otherwise speCified . 
NOTE 5: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 

operating characteristics, VCC± = ±15 V, TA = 25°C 

PARAMETER 

Ir Rise time 

Overshoot factor 

SR Slew rate at unity gain 

6-914 

TEST CONDITIONS 

VI =20mV, 
CL= 100pF, 

VI =10V, 
CL= 100pF, 

~TEXAS 
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RL=2kn, 
See Figure 1 

RL=2kn, 
See Figure 1 

1lA741Y 
UNIT 

MIN TYP MAX 

0.3 jlS 

5% 

0.5 V/jlS 



JlA741 , JlA741V 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFDORM 

CL= 100 pF 

TEST CIRCUIT 

Figure 1. Rise Time, Overshoot, and Slew Rate 

APPLICATION INFORMATION 

Figure 2 shows a diagram for an input offset voltage null circuit. 

ToVCC_ 

Figure 2. Input Offset Voltage Null Circuit 

~TEXAS 
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JlA741 , JlA741Y 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

SLOS094A - NOVEMBI':R 1970 - REVISED JANUARY 1992 

TYPICAL CHARACTERISTICSt 
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Figure 5 

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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IlA741,IlA741Y 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992 

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

OPEN-LOOP SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 
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Figure 6 

VCC±- Supply Voltage - V 

OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

10-1~~~~~~~~~~~~~ww~ 
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f - Frequency - Hz 

Figure 8 
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10M 

Figure 7 
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J.l,A741 , J.l,A741V 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

SLOS094A - NOVEMBER 1970 - REVISED JANUARY 1992 

TYPICAL CHARACTERISTICS 
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LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

• Fast Response Times 

• Strobe Capability 
• Maximum Input Bias Current ... 300 nA 

• Maximum Input Offset Current ... 70 nA 

• Can Operate From Single 5-V Supply 

• Designed to Be Interchangeable With 
National Semiconductor LM111, LM211, 
and LM311 

description 

The LM111, LM211, and LM311 are single 
high-speed voltage comparators. These devices 
are designed to operate from a wide range of 
power supply voltages, including ±15-V supplies 
for operational amplifiers and 5-V supplies for 
logic systems. The output levels are compatible 
with most TTL and MOS circuits. These 
comparators are capable of driving lamps or 
relays and switching voltages up to 50 V at 50 mA. 
All inputs and outputs can be isolated from system 
ground. The outputs can drive loads referenced to 
ground, VCC+ or VCC-. Offset balancing and 
strobe capabilities are available, and the outputs 
can be wire-OR connected. If the strobe is low, the 
output will be in the off state regardless of the 
differential input. 

The LM 111 is characterized for operation over the 
full military range of -55°e to 125°e. The LM211 
is characterized for operation from -40oe to 
85°e, and the LM311 is characterized for 
operation from ooe to 70oe. 

functional block diagram 

BALANCE 

BAUSTRB 

IN+ 

IN-

COL OUT 

EMIT OUT 

LM111 .•. J PACKAGE 

(TOP VIEW) 

NC NC 
EMIT OUT NC 

NC 
Vcc+ 

NC NC 
Vcc- 6 

BALANCE 7 8 BAUSTRB 

LM111 ... JG PACKAGE 
LM211, LM311 ... 0, DB, P, OR PW PACKAGE 

(TOP VIEW) 

EMIT OUT08 Vcc+ 
IN+ 2 7 COL OUT 
IN- 3 6 BAUSTRB 

Vcc- 4 5 BALANCE 

LMll1 ... U PACKAGE 

(TOP VIEW) 

EMIT OUT 10 Vcc+ 

NC 
IN+ 
NC 
IN

NC 

IN+ 9 COL OUT 
IN- 8 NC 
NC 4 7 BAUSTRB 

6 BALANCE 

LM111 ... FK PACKAGE 

(TOP VIEW) 

4 

5 

6 

7 

8 

I-
::J o 
I- + 

o ~ 0 g0 
ZUJZ>,Z 

3 2 1 2019 
18 

17 

16 

15 

14 
9 1011 1213 

NC 
COL OUT 
NC 
BAUSTRB 
NC 
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LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

Vlomax 
CHIP 

TA 
SMALL 

SSOP 
CHIP CERAMIC CERAMIC PLASTIC 

TSSOP FLATPACK FORM 
at 25°C OUTLINE CARRIER DIP DIP DIP 

(PW) M 
(D)t 

(DB) 
(FK) (J) (JG) (P) 

(U) 

O°C 
to 7.5mV LM311D LM311DBLE LM311P LM311PWLE LM311Y 

70°C 

-40°C 
to 3mV LM211D LM211P 

85°C 

-55°C 
to 3mV LM111FK LM111J LM111JG LM111U 

125°C 

t The D package is available taped and reeled. Add the suffix R (e.g .• LM311DR). The DB and PW packages are only available left-end taped and 
reeled. 

schematic 

BAUSTRB 
BALANCE 

3000 3000 

IN+ 

f---f-_- COL OUT 
IN-

1300 

6000 

2500 2000 

2kn 40 
L--+-___ --< .......... EMIT OUT 

L-----------*-----------*---~--~----*-~~------~----------VCC-

All resistor values shown are nominal. 

7-4 

Component Count 

Resistors 20 
Diodes 2 
Epifet 1 

I Transistors 22 I 

~TEXAS 
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LM311Y chip information 

LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

This chip, when properly assembled, displays characteristics similar to the LM311. 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 

1'['['['['1'['['['['1'['['['['1'['['['['1'['['['['1 

~TEXAS 
INSTRUMENTS 

(5) 
BALANCE 

IN+ 

IN-

BAL/STRB 

COL 
VCC+ OUT 

(8) (7) 

(4) (1) 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJ max = 150°C 

TOLERANCES ARE ± 1 0%. 

ALL DIMENSIONS ARE IN MILS. 
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LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCSOO7A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

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

Supply voltage, V cc+ (see Note 1) .......................................................... 18 V 
Supplyvoltage,Vcc_(seeNote1) ......................................................... -18V 
Supply voltage, V cc+ - V cc- .............................................................. 36 V 
Differential input voltage"VID (see Note 2) .................................................. ±30 V 
Input voltage, VI (either input, see Notes 1 and 3) ...................................... ' ..... ±15 V 
Voltage from emitter output to Vcc- ......................................................... 30 V 
Voltage from collector output to Vcc-: LM111 ............................................... 50 V 

LM211 ............................................... 50 V 
LM311 .... , .......................................... 40V 

Duration of output short circuit (see Note 4) ................................................... 10 S 

Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: LM111 .......... , ............... ,......... -55°C to 125°C 

LM211 ..................................... -40°C to 85°C 
LM311 ........................................ O°C to 70°C 

Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, or U package ............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: D, DB, P, or PW package ........ 260°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, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-. 
2. Differential voltages are at IN+ with respect to IN-. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or ± 15 V, whichever is less. 
4. The output may be shorted to ground or either power supply. 

DISSIPATION RATING TABLE 

PACKAGE 
TA,,25°C DERATING DERATE TA = 70°C 

POWER RATING FACTOR ABOVETA POWER RATING 

D 500mW 5.8mW/oC 64°C 464mW 

DBorPW 500mW 4.2mW/oC 31°C 336mW 

FK 500mW 11.0mW/oC 105°C 500mW 

J 500mW 11.0mW/oC 105°C 500mW 

JG 500mW 8.4 mW/oC 90°C 500mW 

P 500mW 8.0mW/oC 88°C 500mW 

U 500mW 5.4mW/oC 57°C 432mW 

recommended operating conditions 

Supply voltage, VCC+ - VCC-

Input voltage (IVCC+I,,15 V) 

Operating free-air temperature range, TA 

7-6 

LM111 

LM211 

LM311 

~TEXAS 
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TA = 85°C TA = 125°C 
POWER RATING POWER RATING 

377mW 

500mW 275mW 

500mW 275mW 

500mW 210mW 

500mW 

351 mW 135mW 

MIN MAX UNIT 

3.5 30 V 

VCC-+0.5 VCC+-1.5 V 

-55 125 

-40 85 °C 

0 70 



LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCSOO7A-SEPTEMBER 1973- REVISED FEBRUARY 1992 

electrical characteristics at specified free-air temperature, V cc± = ± 15 V (unless otherwise noted) 

TAt 
LM111, LM211 LM311 

PARAMETER TEST CONDITIONS 
MIN TVP:J: MAX MIN TVP:J: MAX 

25°C 0.7 3 2 7.5 
VIO Input offset voltage See Note 5 

Full range 4 10 

25°C 4 10 6 50 
110 Input offset current See Note 5 

Full range 20 70 

25°C 75 100 100 250 
liB Input bias current VO=1 Vt014V 

Full range 150 300 

IIL(S) 
Low-level strobe 

V(strobe) = 0.3 V, VIO S;-10 mV 25°C -3 -3 
current (see Note 6) 

Common-mode 
13 13.8 13 13.8 

VICR input voltage range 
Full range to to to to 

-14.5 -14.7 -14.5 -14.7 

Large-signal 

AVO differential voltage VO= 5 Vto 35 V, RL= 1 kO 25°C 40 200 40 200 
amplification 

I(strobe) = -3 mA, 25°C 0.2 10 

10H 
High-level (collector) 

VIO=5mV, VOH =35 V Full range 0.5 
output current 

Vlo=5mV, VOH =35 V 25°C 0.2 50 

VID=-5 mV 25°C 0.75 1.5 

Low-level 
IOL=50 mA 

VIO=-10mV 25°C 0.75 1.5 

VOL (collector-to-emitter) VCC+ =4.5 V, VIO=-6mV Full range 0.23 0.4 
output voltage VCC-=O, 

IOL=8mA Vlo=-10mV Full range 0.23 0.4 

ICC+ 
Supply current from 

Vlo=-10mV, No load 25°C 5.1 6 5.1 7.5 
VCC+, output low 

ICC-
Supply current from 

VIO= 10mV, No load 25°C -4.1 -5 -4.1 -5 
VCC-, output high 

t Unless otherwise noted, all characteristics are measured with BALANCE and BAUSTRB open and the emitter output grounded. 
Full range for LM111 is -55°C to 125°C, for LM211 is -40°C to 85°C, and for LM311 is O°C to 70°C. 

:J: All typical values are at TA = 25°C. 

UNIT 

mV 

nA 

nA 

mA 

V 

V/mV 

nA 

Jl.A 
nA 

V 

mA 

mA 

NOTES: 5. The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 
1 V with a pullup resistor of 7.5 kO to VCC+. These parameters actually define an error band and take into accountthe worst-case 
effects of VOltage gain and input impedance. 

6. The strobe should not be shorted to ground; it should be current driven at -3 mA to -5 mA (see Figures 13 and 27). 

switching characteristics, VCC± = ±15 V, TA = 25°C 

PARAMETER TEST CONDITIONS 
LM111, LM211, LM311 

UNIT 
MIN TVP MAX 

Response time, low-to-high-Ievel output 115 ns 

Response time, high-to-Iow-Ievel output 
RC =5000to 5 V,. CL=5pF, See Note 7 

165 ns 

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the interval between the input step function and the 
instant when the output crosses 1.4 V. 

~TEXAS 
INSTRUMENTS 
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· LM111, LM2n, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A- SEPTEMBER 1973- REVISED FEBRUARY 1992 

electrical characteristics at VCC± = ±15 V (unless otherwise noted) 

TEST CONDITIONSt 
LM311Y 

PARAMETER UNIT 
MIN TYP MAX 

Via Input offset voHage See Note 5 2 7.5 mV 

110 Input offset current See Note 5 6 50 nA 

liB Input bias current VO=1 Vt014V 100 250 nA 

IIL(S) Low-level strobe current (see Note 6) V(strobe>-= 0.3 V, VID:S-10mV -3 rnA 

13 13.8 

VICR Common-mode input voltage range to to V 
-14.5 -14.7 

AVD Large-signal differential voltage amplification Va =5 Vt035 V, RL= 1 kn 40 200 V/mV 

10H High-level (collector) output current Istrobe = -3 rnA, VID=5mV, VOH =35V 0.2 50 nA 

VOL 
Low-level (collector-to-emitter) output 

10L= 50 rnA, VID=-10mV 0.75 1.5 V 
voltage 

ICC+ Supply current from VCC+, output low VID=-10mV, No load 5.1 7.5 rnA 

ICC- Supply current from VCC-, output low VID= 10mV, No load -4.1 -5 rnA 

t Unless otherwise noted, all characteristics are measured with BALANCE and BAUSTRB open and the emitter output grounded. 
NOTES: 5. The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to 

1 V with a pullup resistor of 7.5 kn to VCC +, These parameters actually define an error band and take into account the worst-case 
effects of voltage gain and input impedance. 

6. The strobe should not be shorted to ground; it should be current driven at -3 rnA to -5 mA (see Figures 13 and 27). 

switching characteristics, VCC± = ±15 V, TA = 25°C 
LM311Y 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX 

Response time, low-to-high-Ievel output 115 ns 

Response time, high-to-Iow-Ievel output 
RC=5000t05V, CL=5pF, See Note 7 

165 ns 

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive and is the intelVal between the input step function and the 
instant when the output crosses 1 .4 V. 
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LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

TYPICAL CHARACTERISTICSt 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

o 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

\ ~ VCC±=±15V 

\ 
Vo = 1 V to 14 V -

i\. See Note A 

'\ "- LJ311 LM111 t " LM211 '-
I I "- )-

I- Condition 1 Pl "-~ .-L Condition 2 
./ 

...... ~v r-t r- "'-r--.. I'-.. LM311 .............. 
~ 

LM111 ......... """--Lj211j 

-~-~-~ 0 ~ ~ ~ ~ 1001~1~ 

TA - Free-Air Temperature - °c 

Figure 1 
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'!!i 
Q. 
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~ 

500 
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350 
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250 
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50 

o 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

~M31~ VCC±=±15V 
- r-- VO=1Vt014V -

............. See Note A 

........ 

"'-' ..... 

i I' 
-LM111 t 

LM211 
, 
~ f--L Condition 2 

r--.. I'-.. ----
LM311 Condition 1 -

a(' 1 - + 
- LM111 

L~211t 

-60-~-20 0 20 40 60 80 100120140 

TA - Free-Air Temperature - °c 

Figure 2 
NOTE A: Condition 1 is with BALANCE and BAUSTRB open. Condition 2 is with BALANCE and BAUSTRB connected to VCC+. 
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VOLTAGE TRANSFER CHARACTERISTICS 

60 

50 

40 

30 

20 

10 

o 
-1 

VCC+=30V LM111 
VCC-=O LM211 
TA = 25°C 

f r LMt1 

Emitter Output r IL:' COllect~r 
RL=600n Output _ 

II 
RL=1k.Q 

.......... 

r\ 
'\ 

i\. 
J '\ "" -0.5 o 0.5 

VIO - Oifferentiallnput Voltage - mV 

Figure 3 

VI = 50 V (LM111, LM211) 
~V(LM311) 

1 kn 

.....-t_.- Output 

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 

VCC+=30V 

""'-'1--.- Output 

600n 

EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 

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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LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

TYPICAL CHARACTERISTICS 

> S 
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'!5 
,e. 2 
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OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

! 100 mV 

VCC±=±1S If 
RC=SOOntoSV 
'TA=2SoC 

;r 
/1 

SmV-IiJ ~ 2mV 

20lmV ~ VI 
~rt 

> 
1 

S 

t 4 

~ 3 
:; 
,e. 2 
:::I o 
I 

~ o 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

I 100 mV 

IrCC±=±1S V 
RC=SOOntoSV 
TA = 25°C 

20mV-~ 

~mv f-------"' ~ 
"'--21mV 

~ 

o SO 100 1S0 200 2S0 300 3S0 o SO 100 1S0 200 2S0 300 3S0 

t-Time-ns 

Figure 4 

7-10 

SV 

soon 

VCC_=-1SV 

TEST CIRCUIT FOR FIGURES 4 AND S 
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LM111, LM211, LM311, LM311V 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

1 l00mV 
VCC±=±15V 
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\. 
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o u u ~ M 1~ 12 lA 1~ 1~ 

t-Time-ns 
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Figure 6 
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r--

VCC_=-15V 

I 
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...--- Vo 

2kn 

TEST CIRCUIT FOR FIGURES 6 AND 7 
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LM111, LM211, LM311, LM311V 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCSOO7A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 
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TYPICAL CHARACTERISTICS 

OUTPUT CURRENT AND DISSIPATION 
vs 

POSITIVE SUPPLY CURRENT 
vs 

OUTPUT VOLTAGE POSITIVE SUPPLY VOLTAGE 

800 6 
VCC±=±15V 
ts 10s 
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TA = 25°C ./ 
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\ ./ 
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Figure 8 

-6 

1 -5 
I 

e ... c 
-4 

d 
~ 

It 
:::I -3 

1/1 

~ 
Dl -2 
~ 
I 

g -1 

o 
o 

NEGATIVE SUPPLY CURRENT 
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Figure 10 
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LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

Figure 11 through Figure 29 show various applications for the LM111, LM211, and LM311 comparators. 

20kn 1 kn 

Square Wave 
Output 
(fanout to two 
Series 54 gates 
or equivalent) 

39kn 

r----
I 
I 
I 
I 
I 

----, 
I 
I 
I 
I 
I 

I I L ____________ .J 

Figure 11. 100-kHz Free-Running Multivibrator Figure 12. Offset Balancing 

r----------, 
I I 

------, 
I 

20kn r---
I 
I 

I 
I 
I 
I 
I ______ .J 

Input -+-----1 
I 

..__---t-410- Output 

vcc-

Figure 13. Strobing Figure 14. Zero-Crossing Detector 

5V 

82kQ 1 kQ 

240kn 1"'-- -----, 

Inputt -JV'v'lr-_.--4t__--.j--+--OI ...-1-"'- Output to TTL 
I 
I 
I * .J 

t Resistor values shown are for a O-to-30-V logic swing and a 1S-V threshold. * May be added to control speed and reduce susceptibility to noise spikes. 

Figure 15. TTL Interface With High-Level Logic 
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LM111, LM211, LM311 , LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 
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APPLICATION INFORMATION 

5V 

4.5 lin 
/O.---~ Output 

1 lin 

Magnetic 
Transducer 

to TTL 

Figure 16. Detector for Magnetic Transducer 

._--l.--_.--.- Output 

22 lin 

Figure 18. Comparator and Solenoid Driver 

3.9 lin soon 

10 lin 

Figure 20. Low-Voltage 
Adjustable Reference Supply 

Output 

+ 
1.5 ~F 

100 lin 2 lin 

100 kHz 10 pF 

.-------+-----1 0 ~ 
,--- ------, Output 

I I 
'-~H--; ~+-__ 

100 lin 

Analog 
Inputt 

I 
I 
I 

oJ 

SOlin 

Figure 17. 100-kHz Crystal Oscillator 

From D/A Network 

tTypical input current is 50 pA with inputs strobed off. 

Figure 19. Strobing Both Input and 
Output Stages Simultaneously 

3kn 

Input ----If--------j 

VCC-=-10V 

---, 
I 
I 

..;--+-...-_ Output 
I toMOS 

I 
I 

_oJ 10 lin 

Figure 21. Zero-Crossing 
Detector Driving MOS Logic 
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LM111, LM211, LM311, LM311V 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

30kQt 1 kQ 

Input 
H--- From TTL 

t Adjust to set clamp level 

From TTL Gate 

5V 

Figure 22. Precision Squarer 

5 len 
1 len 

r-- -----, 
.---+-_____ - TTL Output 

I 
I 
I ____ .J 

Figure 23. Digital Transmission Isolator 

r--
Input -~V\fv----+-----' 

1 MQ 

VCC- = -15 V -= 

Figure 24. Positive-Peak Detector 
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>---i-....... - Output 
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LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCSOO7A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

7-16 

APPLICATION INFORMATION 

Vcc+ = 15 V 

1 Mf.l 

2k!l 

r-----' I TL081 I 
I I 10 k!l 

Input -VV'v---t-I/ 

I 
I 
I 
'-~~;I~ --~Ir.--

.J Output 

oJ 

VCC_=-15V 

+ I 15J.1F 

Figure 25. Negative-Peak Detector 

3.9kf.l 

1 kf.l 

....-lH~- Output to TTL 

t R1 sets the comparison level. At comparison, the photodiode has less than 5 mV across it 
decreasing dark current by an order of magnitude. 

Figure 26. Precision Photodiode Comparator 

Inputs 

TTL Strobe 

:j: Transient voltage and inductive kickback protection 

Figure 27. Relay Driver With Strobe 
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100kQ 

100kQ 

10kQ 

LM111, LM211, LM311, LM311Y 
DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS007A - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

~~------------__ ----__ --__ ---Vcc+ 

TIP30 

Output 

Input --"VV\,.---j--+-------.. 
TIP29 

0.1 ~F 

300kQ 

15kQ 
Reference 

5100 

15kO 
Input 

39kQ 

4H1 
6200 

~---------r--~----~----.---Vcc-
L-____ ~----------------------+_~ 

39kQ 

0.22~F 

5100 

Figure 28. Switching Power Amplifier 

6200 

,----
IBAUSTRB 6200 

Figure 29. Switching Power Amplifiers 

~TEXAS 
INSTRUMENTS 
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TIP29 

VCC+ 

TIP30 

Outputs 

TIP30 
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• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage 
2Vt036V 

• Low Supply-Current Drain Independent of 
Supply Voltage ... 0.8 rnA Typ 

• Low Input Bias Current .•. 25 nA Typ 

• Low Input Offset Current .•• 3 nA Typ 
(LM139) 

• Low Input Offset Voltage ... 2 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ±36 V 

• Low Output-Saturation Voltage 

• Output Compatible With TTL, MOS, and 
CMOS 

description 

These devices consist of four independent 
voltage comparators that are designed to operate 
from a single power supply over a wide range of 
voltages. Operation from dual supplies is also 
possible as long as the difference between the two 
supplies is 2 V to 36 V and Vcc is at least 1.5 V 
more positive than the input common-mode 
voltage. Current drain is independent of the 
supply voltage. The outputs can be connected to 
other open-collector outputs to achieve wire-AND 
relationships. 

The LM139 and LM139A are characterized for 
operation from -55°C to 125°C. The LM239 and 
LM239A are characterized for operation from 
-25°C to 125°C. The LM339 and LM339A are 
characterized for operation from O°C to 70°C. The 
LM2901 and LM2901 Q are characterized for 
operation from -40°C to 125°C. 

LM139, LM139A, LM239, LM239A, LM339 
LM339A, LM339Y, LM2901, LM2901 Q 

QUAD DIFFERENTIAL COMPARATORS 
SLCS006C - OCTOBER 1979 - REVISED NOVEMBER 1996 

0, DB, J, N, OR PW PACKAGE 
(TOP VIEW) 

10UT 1 
20UT 

Vcc 
21N-

OUT3 
OUT4 
GND 

31N+ 
8 31N-

Vcc 
NC 

21N
NC 

21N+ 

FK PACKAGE 
(TOP VIEW) 

1-1- 1-1-
::J::J(,)::J::J 
~2zg~ 

I + (,) I + 
z~zz~ 
;:: ....... (¥5C") 

NC - No internal connection 

symbol (each comparator) 

GND 
NC 
41N+ 
NC 
41N-

IN+~_-OUT 
IN----v-

~TEXAS 
INSTRUMENTS 

Copyright © 1996. Texas Instruments Incorporated 
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LM139,LM139A,LM239,LM239A,LM339 
LM339A, LM339Y, LM2901, LM2901 Q 
QUAD DIFFERENTIAL COMPARATORS 
SLCS006C - OCTOBER 1979 - REVISED NOVEMBER 1996 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA 
Vlomax SMALL CHIP CERAMIC 
at 25°C OUTLINE 

SSOP 
CARRI~R DIP 

(D)t (DB)* (FK) (J) 

O°C to 70°C 
SmV LM339D LM339DBLE 
2mV LM339AD - --

-2SoC to 8SoC SmV LM239D 
2mV LM239AD 

- - -

-40°C to 12SoC 7mV LM2901D LM2901DBLE 
LM2901QD - --

-SsoC to 12SoC 
SmV LM139D 

LM139AFK 
LM139J 

2mV LM139AD - LM139AJ 

PLASTIC 
DIP 
(N) 

LM339N 
LM339AN 

LM239N 
LM239AN 

LM2901QN 

LM139N 
LM139AN 

t The D package is available taped and reeled. Add the SUffiX R to the device type (e.g., LM339DR). 
:J: The DB and PW packages are only available left-end taped and reeled. 
§ Chips are tested at 2SoC (see electrical characteristics). 

schematic (each comparator) 

IN+ 

BO-1lA 
Current 

Regulator 

IN--------------r------+-------~ 

TSSOP 
(PW>* 

LM339PWLE 
-
-

LM2901PWLE 
-
-

VCC 

OUT 

L-----~~------~--_.--~e-- GND 

7-20 

All current values shown are nominal. 

-!II TEXAS 
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CHIP FORM 
(Y)§ 

LM339Y 

-

-
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LM339Y chip information 

LM139,LM139A,LM239,LM239A,LM339 
LM339A, LM339V, LM2901, LM2901 Q 

QUAD DIFFERENTIAL COMPARATORS 
SLCSOO6C - OCTOBER 1979 - REVISED NOVEMBER 1996 

This chip, when properly assembled, displays characteristics similar to the LM339. Thermal compression or 
ultrasonic bonding can be used on the doped-aluminum bonding pads. Chips can be mounted with conductive 
epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

GND 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 
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LM139, LM139A,LM239, LM239A, LM339 
LM339A, LM339Y, LM2901, LM2901 Q 
QUAD DIFFERENTIAL COMPARATORS 
SLCS006C - OCTOBER 1979 - REVISED NOVEMBER 1996 

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

Supply voltage, Vee (see Note 1) ........................................................... 36 V 
Differential input voltage, VID (see Note 2) .................................................. ±36 V 
Input voltage range, VI (either input) ................................................. -0.3 V to 36 V 
Output voltage, Vo ........................................................................ 36 V 
Output current, 10 ........................................................................ 20 mA 
Duration of output short circuit to ground (see Note 3) ..................................... unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: LM139, LM139A ........................... -55°C to 125°C 

LM239, LM239A ............................ -25°C to 85°C 
LM339, LM339A ............................... O°C to 70°C 
LM2901, LM2901Q ........ ; ............... -40°C to 125°C 

Storage temperature range. ... ... .... . . . . ... . . ... . . . . . . ... ... . . . .. .... ... . . . . . . . .-65°C to 150°C 
Case temperature for 60 seconds: FK package ....................................•......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0, DB, N, or PW package ........ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J 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 network ground. 
2. Differential voltages are at IN+ with respect to IN-. 
3. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 

PACKAGE 
TA,.,25°C 

POWER RATING 

D 900mW 

DB 775mW 

FK 900mW 

J 900mW 

N 900mW 

PW 700mW 

7-22 

DISSIPATION RATING TABLE 

DERATING DERATE TA=70°C 
FACTOR ABOVETA POWER RATING 

7.6mW/oC 31°C 608mW 

6.2mW/oC 25°C 496mW 

11.0 mW/oC 68°C 880mW 

11.0 mW/oC B8°C 880mW 

9.2 mW/oC 52°C 736mW 

5.BmW/oC 25°C 448mW 

~TEXAS 
INSTRUMENTS -

POST OFFICE eox 655303 • DALLAS, TEXAS 75265 

TA=85°C 
POWER RATING 

494mW 

403mW 

715mW 

715mW 

598mW 

364mW 

TA = 125°C 
POWER RATING 

155mW 

275mW 

275mW 

140mW 
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electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TAt 
LM139 

PARAMETER TEST CONDITIONS 
MIN TYP MAX 

VCC = 5 V to 30 V. VIC = VICRmin. 25°C 2 5 
VIO Input offset voltage VO=l.4V - 55°C to 125°C 9 

25°C 3 25 
110 Input offset current Vo = 1.4 V 

-55°C to 125°C 100 

25°C -25 -100 
liB Input bias current VO=l.4V 

-55°C to 125°C -300 

25°C 
Oto 

VCC-1.5 
VICR Common-mode input voltage range 

- 55°C to 125°C 
Oto 

VCC-2 

AVO 
Large-signal differential voltage 

VCC± = ± 7.5 V. Vo =-5 Vto 5 V 25°C 200 
amplification 

I VoH=5V 25°C 0.1 
10H High-level output current VIO= 1 V 

IVoH =30V - 55°C to 125°C 1 

25°C 150 400 
VOL Low-level output voltage VIO=-lV. IOL=4rT)A 

-55°C to 125°C 700 

10L Low-level output current VIO=-l V. VOL=1.5V 25°C 6 16 

ICC Supply current (four comparators) VO=2.5V. No load 25°C 0.8 2 

t All characteristics are measured with zero common-mode input voltage unless otherwise specified. 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

RL connected to 5 V through 5.1 kfl. 1100-mV input step with 5-mV overdrive 
Response time 

CL = 15 pR. See Note 4 I TIL-level input step 

:t: CL includes probe and jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and Ihe instant when the output crosses 1.4 V. 

LM139A 

MIN TYP MAX 

1 2 

4 

3 25 

100 

-25 -100 

-300 

Oto 
VCC-l.5 

Oto 
VCC-2 

50 200 

0.1 

1 

150 400 

700 

6 16 

0.8 2 

LM139, LM139A 

MIN TYP MAX 

1.3 

0.3 

UNIT 

mV 

nA 

nA 

V 

V/mV 

nA 

~A 

mV 

mA 

rnA 

UNIT 

~s 
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electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
LM239, LM339 LM239A, LM339A LM2901, LM2901Q 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VCC= 5 Vto 30 V, 25°C 2 5 1 3 2 7 

Via Input offset voltage VIC = VICRmin, mV 
VO= 1.4V Full range 9 4 .' 15 

25°C 5 50 5 50 5 50 
110 Input offset current VO=1.4V nA 

Full range 150 150 200 

25°C -25 -250 -25 -250 -25 -250 
liB Input bias current VO=1.4V nA 

Full range -400 -400 -500 

25°C 
Oto Oto Oto 

VICR 
Common-mode input VCC-1.5 VCC-1.5 VCC-1,5 

V 
voltage range 

Full range 
Oto Oto Oto 

VCC-2 VCC-2 VCC-2 

Large-signal differential 
VCC=15V, 

AVD voltage amplification 
Va = 1.4 Vto 11.4 V, 25°C 50 200 50 200 25 100 V/mV 
RL",15 kn to VCC 

IVOH=5V 25°C 0.1 50 0.1 50 0.1 50 nA 
10H High-level output current VID= 1 V IVoH=30V Full range 1 1 1 I!A 

25°C 150 400 150 400 150 500 
VOL Low-level output voltage VID=-l V, IOL=4mA mV 

Full range 700 700 700 

10L Low-level output current VID=-lV, VOL=1.5V 25°C 6 16 6 16 6 16 rnA 

VO=2.5V, No load 0.8 2 0.8 2 0.8 2 

ICC 
Supply current 

VCC=30V, VO=2.5V, 25°C 1 2.5 rnA 
(fQur comparators) 

No load 

t Full rangE! (MIN to MAX) for LM239 and LM239A is -25°C to 85°C, for LM339 and LM339A is O°C to 70°C, and for LM2901 is -40°C to 125°C. All characteristics are measured 
with zero common-mode input voltage unless otherwise specified. 

switChiJ19 characteristics, Vee = 5 V, TA = 25°C 
LM239, LM239A 

PARAMETER TEST CONDITIONS 
LM339, LM339A 

UNIT LM2901, LM2901Q 

MIN TYP MAX 

RL connected to 5 V through 5.1 kQ, 1100-mV input step with 5-mV overdrive 1.3 
Response time CL= 15 pFt, See Note 4 1 TTL-level input step 0.3 

/IS 

t CL includes probe and jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LM139,LM139A,LM239,LM239A,LM339 
LM339A, LM339Y, LM2901, LM2901 Q 

QUAD DIFFERENTIAL COMPARATORS 
SLCS006C - OCTOBER 1979 - REVISED NOVEMBER 1996 

electrical characteristics at Vee = 5 V, TA = 25°C (unless otherwise noted) 

TEST CONDITIONSt 
LM339Y 

PARAMETER 
MIN TYP MAX 

VIO Input offset voltage 
Vee =5 Vt030V, VIC = VICRmin, 2 5 
VO=1.4V 

110 Input offset current VO= 1.4 V 5 50 

liB Input bias current VO= 1.4 V -25 -250 

VICR Common-mode input voltage range 
Oto 

VCC-1.5 

AVO Large-signal differential voltage amplification 
Vec=15V, VO=1.4Vt011.4V, 

25 100 
RL,,15kQtoVec 

10H High-level output current VIO=1 V, VOH =5 V 0.1 50 

VOL Low-level output voltage VIO=-1 V, IOL=4mA 150 400 

10L Low-level output current VIO=-1 V, VOL = 1.5 V 6 16 

VO=2.5V, No load 0.8 2 

ICC Supply current (four comparators) VO=30V, VO=15V, 
No load 

1 2.5 

tAli charactenstics are measured with zero common-mode input voltage unless otherwise specified. 

switching characteristics, Vee = 5 V, TA = 25°C 
LM339Y 

PARAMETER TEST CONDITIONS 
MIN TYP MAX 

RL connected to 5 V through 5.1 kO, L 1 OO-mV input step with 5-mV overdrive 1.3 
Response time 

CL = 15 prt, See Note 4 I TTL-level input step 0.3 
.. :t: CL Includes probe and Jig capaCitance . 

NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 

~TEXAS 
INSTRUMENTS 
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UNIT 

mV 

nA 

nA 

V 

V/mV 

nA 

mV 

rnA 

rnA 

UNIT 

!J.S 
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• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage ..• 2 to 36 V 

• low Supply Current Drain Independent of . 
Supply Voltage .•• 0.5 mA Typ 

• low Input Bias Current ••. 25 nA Typ 

• low Input Offset Current •.. 3 nA Typ 
(lM193) 

• low Input Offset Voltage ... 2 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... ±36 V 

• low Output Saturation Voltage 

• Output Compatible With TTL, MOS, and 
CMOS 

description 

LM193, LM293, LM293A, LM393 
LM393A, LM393Y, LM2903, LM2903Q 

DUAL DIFFERENTIAL COMPARATORS 
SLCS005C - JUNE 1976 - REVISED SEPTEMBER 1996 

0, DB, JG, P, OR PW PACKAGE 
(TOP VIEW) 

10UT(Ja Vee 
11N- 2 7 20UT 
11N+ 3 6 21N-
GND 4 5 21N+ 

NC 
lIN

NC 
11N+ 

NC 

FKPACKAGE 
(TOP VIEW) 

I
()::J()()() 

z~z~z 

17 20UT 
16 NC 
15 21N-

a 14 NC 
9 10 11 12 13 These devices consist of two independent voltage 

comparators that are designed to operate from a 
single power supply over a wide range of voltages. 
Operation from dual supplies is also possible as 
long as the difference between the two supplies is Ne - No internal connection , 

2 V to 36 V and VCC is at least 1.5 V more positive than the input common-mode voltage. Current drain is 
independent of the supply voltage. The outputs can be connected to other open-collector outputs to achieve 
wired-AND relationships. 

The LM193 is characterized for operation from -55°C to 125°C. The LM293 and LM293,A. are characterized for 
operation from .:...25°C to 85°C. The LM393 and LM393A are characterized for operation from O°C to 70°C. The 
LM2903 and LM2903Q are characterized for operation from -40°C to 125°C and is manufactured to demanding 
automotive requirements. 

symbol (each comparator) 

IN+ =t>-
IN-

~:~~:fo:: '::=~81~~=:': ::,e=~.:m~: 
standard warranty. Proc:h.Ictlon procIBsing does not necellarlly Include 
testing of all parameters. 

OUT 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1996, Texas Instruments Incorporated 
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LM193, LM293, 'LM293A, LM393 
LM393A, LM393Y, LM2903, LM2903Q 
DUAL DIFFERENTIAL COMPARATORS 
SLCS005C - JUNE 1976 - REVISED SEPTEMBER 1996 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

VIOmax 
TA 

SMALL 
SSOP 

CHIP CERAMIC 
at 25°C OUTLINE 

(DB)* 
CARRIER DIP 

(D)t (FK) (JG) 

5mV LM393D LM393DB - -
O°C to 70°C 

2mV LM393AD - - -
5mV LM293D - - -

-25°C to 85°C 
2mV LM293AD - - -

LM2903D LM2903DB - -
-40°C to 125°C 7mV 

LM2903QD - - -
-55°C to 125°C 5mV LM193D - LM193FK LM193JG 

t The 0 package IS available taped and reeled, Add the suffix R (e,g,. LM393DR), 

CHIP 
PLASTIC 

TSSOP FORM 
DIP 

(PW)t M§ 
(P) 

LM393P LM393PW 
LM393Y 

LM393AP -
LM293P - -
LM293AP - -
LM2903P LM2903PW -
LM2903QP - -
LM193P - -

:t:The DB and PW packages are only available left-end taped and reeled. Add suffix LE (e,g,. LM393DBLE), 
§ Chips are tested at 25°C (see LM393Y for electrical characteristics, 

LM393Y chip information 

7-28 

This chip, when properly assembled, displays characteristics similar to the LM393, 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, 

.::. 49 

• • + 
T 

-
• 

BONDING PAD ASSIGNMENTS 

~ ~ ~ 
,'1'1'1'1','1'1'1'1','1'1'1'1','1'1'1'1','1'1'1'1 

-!I1TEXAS 
INSTRUMENTS 

POST OFFICE sox 655303 • DALLAS, TEXAS 75265 

l1N+ 

lOUT 
l1N-

21N+ 
20UT 

21N-

VDD-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 3.6 x 3.6 MINIMUM 

TJmax=150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

NO BACKSIDE METALLIZATION 

PIN (4) INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 



LM193, LM293, LM293A, LM393 
LM393A, LM393Y, LM2903, LM2903Q 

DUAL DIFFERENTIAL COMPARATORS 
SLCSOOSC - JUNE 1976 - REVISED SEPTEMBER 1996 

schematic (each comparator) 

IN+ 

80ilA 
Current 
Regulator 

r-------------~~--VCC 

OUT 

IN- -~---t==~i======--i 

L-----__ ----------~~~~GND 

Component Count 

Epi-SET 1 
Diodes 2 
Resistors 2 
Transistors 30 

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

Supply voltage, Vee (see Note 1) ........................................................... 36 V 
Differential input voltage, VID (see Note 2) .................................................. ±36 V 
Input voltage range, VI (either input) ................................................. -0.3 V to 36 V 
Output voltage, Vo ........................................................................ 36 V 
Output current, 10 ........................................................................ 20 mA 
Duration of output short-circuit to ground (see Note 3) ..................................... unlimited 
Continuous total power disSipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: LM193 ................................... -55°C to 125°C 

LM293, LM293A ............................ -25°C to 85°C 
LM393, LM393A ............................... O°C to 70°C 
LM2903, LM2903Q ................. :...... -40°C to 125°C 

Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respeCl to the- network ground. 
2. Differential voltages are at IN+ with respect to IN-. 
3. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 

PACKAGE 
TA~25°C 

POWER RATING 

D 725mW 

DB 525mW 

FK 900mW 

JG 900mW 

P 900mW 

PW 525mW 

DERATING 
FACTOR 

5.8mW/oe 

4.2mW/oe 

11.0mW/oe 

8.4mW/oe 

8.0mW/oe 

4.2mW/oe 

DISSIPATION RATING TABLE 

DERATE TA = 70°C 
ABOVETA POWER RATING 

25°C 464mW 

25°C 336mW 

68°C 880mW 

43°C 672mW 

37°C 640mW 

25°C 336mW 

~TEXAS " 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TA=85°C 
POWER RATING 

377.mW 

273mW 

715mW 

546mW 

520mW 

273mW 

TA = 125°C 
POWER RATING 

145mW 

N/A 

275mW 

210mW 

200mW 

N/A 
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electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TAt 
LMl93 LM293, LM393 LM293A, LM393A LM2903, LM2903Q 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vee =5 Vto 30 V, 25°C 2 5 2 5 1 3 2 7 

VIO Input offset vOltage VO=I.4V, mV 

VIC = VIC min Full range 9 9 4 15 

25°C 3 25 5 50 5 50 5 50 
110 Input offset current VO=I.4V nA 

Full range 100 250 150 200 

25°C -25 -100 -25 -250 -25 -250 -25 -250 
liB Input bias current VO=1.4V nA 

Full range -300 -400 -400 -500 

I 

25°C 
Oto Oto Oto Oto 

ecmmon-mode input Vee-1.5 Vee-1.5 Vee- 1.5 Vee-1.5 
VIO voltage rangei 

V 

Full range 
Oto Oto Oto Oto 

Vee-2 Vee-2 Vee-2 Vee-2 

I 
Large-signal Vee = 15V, 

AVO differential vollage VO= 1.4 Vto 11.4 V, 25°C 50 200 50 200 50 200 25 100 VlmV 

I ~~ 
amplification RL ~ 15 k.Q to Vee 

VOH=5V, 
25°C 

0.1 0.1 50 0.1 50 0.1 50 
nA 

Hlf!h·leveloutput VIO=IV 

current VOH=30V, t 1 1 1 

VIO=IV 
Full range IlA 

Low-level output IOL=4mA, 25°C 150 400 150 400 150 400 150 400 

voltage VIO=-1 V 
mV 

Full range 700 700 700 700 

Low·level output VOL=I.5V, 
25°C 

6 6 6 6 
mA 10L current VIO=IV 

IVee=5V 25°C 0.8 1 0.8 1 0.8 1 0.8 1 
ICC Supply current RL=~ IVee=30V 

mA 
Full range 2.5 2.5 2.5 2.5 

t Full rangE' (MIN or MAX) for LM193 is -55°e to 125°C, for LM293 and LM293A is 25°C to 85°C, for the LM393 and LM393A is ooe to 70°C, and for LM2903 and LM2903Q is -40oe to 125°C. All characteristics 
are measured with zero common-mode input voltage unless otherwise specified. 

i The volla';JE> at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end of the common-mode voltage range is Vee+ -1.5 V, but either or both inputs can go to 
30 V with'Jut damage. 

switching characteristics, Vee = 5 V, TA = 25°C 
LMI93, LM293, LM293A 

PARAMETER TEST CONDITIONS 
LM393. LM393A 

UNIT LM2903, LM2903Q 

MIN TYP MAX 

RL connected to 5 V through 5.1 kn, 100-mV input step with 5-mV overdrive 1.3 

Respons.e time CL= 15pF§, 
TTL -level input step 0.3 

jJ.S 

See Note 4 

§ CL includes probe and jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LM193, LM293,LM293A, LM393 
LM393A, LM393Y, LM2903, LM2903Q 

DUAL DIFFERENTIAL COMPARATORS 
SLCS005C - JUNE 1976 - REVISED SEPTEMBER 1996 

electrical characteristics at Vee = 5 V, TA = 25°C (unless otherwise noted) 
LM393Y 

PARAMETER TEST CONDITIONS 
TVPt MIN MAX 

VIO Input offset voltage 2 5 

110 Input offset current VCC =5 Vto 30V VIC = VICRmin, 5 50 

liB Input bias current 
VO=l.4V 

-25 -250 

VICR Common-mode input voltage range VCC = 5 Vt030V 
Oto 

VCC-1.5 

AVO Large-signal differential voltage amplification 
VCC=15V, Vo = 1.4 V to 11.4 V, 

25 200 
RL",15kntoVCC 

10H High-level output current VOH =5V, VIO=l V 0.1 50 

VOL Low-level output voltage IOL=4mA, VID=-l V 150 400 

10L Low-level output current VOL = 1.5 V, VIO=-l.V 6 

ICC Supply current RL=~, VCC=5V 0.8 1 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 

~TEXAS 
INSTRUMENTS 
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UNIT 

mV 

nA 

nA 

V 

V/mV 

nA 

mV 

mA 

mA 
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• Fast Response Times 

• Improved Gain and Accuracy 

• Fanout to 10 Series 54174 TTL Loads 

• Strobe Capability 
• Short-Circuit and Surge Protection 

• Designed to Be Interchangeable With 
National Semiconductor LM306 

description 
The LM306 is a high-speed voltage comparator 
with differential inputs, a low-impedance high
sink-current (100 mAl output, and two strobe 
inputs. This device detects low-level analog or 
digital signals and can drive digital logic or lamps 
and relays directly. Short-circuit protection and 
surge-current limiting is provided. 

A low-level input at either strobe causes the output 
to remain high regardless of the differential 
input.When both strobe inputs are either open or 
at a high logic level, the output voltage is 
controlled by the differential input voltage. The 
circuit will operate with any negative supply 
voltage between -3 V and -12 V with little 
difference in performance. 

The LM306 is characterized for operation from 
O°C to 70°C. 

LM306 
DIFFERENTIAL COMPARATOR WITH STROBES 

SLCSOOSA - OCTOBER 1979 - REVISED OCTOBER 1991 

o OR P PACKAGE 
(TOP 
VIEW) 

IN+ 2 7 OUT 
GNoOe Vcc+ 

IN- 3 6 STROBE 2 
Vcc- 4 5 STROBE 1 

functional block diagram 

STROBE 1 

STROBE 2 

IN+ ----I 

IN- ---a 
OUT 

AVAILABLE OPTIONS 

PACKAGE 

TA 
Vlomax 

SMALL OUTLINE PLASTIC DIP at 25·C 
(0) (P) 

O·cto 70·C 5mV LM306D LM306P 

Copyright © 1991. Texas Instruments Incorporated 
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LM306 
DIFFERENTIAL COMPARATOR WITH STROBES 

SLCS008A - OCTOBER 1979 - REVISED OCTOBER 1991 

schematic 

Sk.Q 

IN+ 

IN-

Vcc- ---tt-----' 

Resistor values are nominal. 

STROBE 2 

STROBE 1 

Skn 
6.3 V 

17 k.Q 

~TEXAS 
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6.3V 

70n 

OUT 

600n 

GND 



LM306 
DIFFERENTIAL COMPARATOR WITH STROBES 

SLCSOOBA - OCTOBER 1979 - REVISED OCTOBER 1991 

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

Supply voltage, Vcc+ (see Note 1) .......................................................... 15 V 
Supply voltage, Vcc- (see Note 1) ......................................................... -15 V 
Differential input voltage, VIO (see Note 2) ................................................... ±5 V 
Input voltage, VI (either input, see Notes 1 and 3) ............................................. ±7 V 
Strobe voltage range (see Note 1) .................................................... 0 V to Vcc+ 
Output voltage, Vo (see Note 1) ............................................................ 24 V 
Voltage from output to Vcc- ............................................................... 30 V 
Duration of output short circuit to ground (see Note 4) .......................................... 10 s 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A ............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 and the voltage from the output to VCC-. are with respect to the network ground. 
2. Differential voltages are at IN+ with respect to IN-. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 V. whichever is less. 
4. The output may be shorted to ground or either power supply. 

PACKAGE 

D 
P 

DISSIPATION RATING TABLE 

TA",25°C 
POWER RATING 

DERATING 
FACTOR 

DERATE 
ABOVETA 

600mW 
600mW 

5.8mW/"C 
8.0mW/oC 

~TEXAS 
INSTRUMENTS 
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TA=70°C 
POWER RATING 

464mW 
600mW 
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LM306 
DIFFERENTIAL COMPARATOR WITH STROBES 

SLCS008A - OCTOBER 1979 - REVISED OCTOBER 1991 

electrical characteristics at specified free-air temperature, V cc+ = 12 V, V cc-= -3 V to -12 V (unless 
otherwise noted) 

PARAMETER TEST CONDITIONSt 

VIO Input offset voltage RSS2000 

aVIO 
Average temperature coefficient of 

RS=50n, See Note 5 
input offset voltage 

110 Input offset current See Note 5 

Average temperature coefficient of 
aliO See Note 5 

input offset current 

liB Input bias current VO=0.5 Vt05 V 

IIL(S) Low-level strobe current V(strobe) = 0.4 V 

VIH(S) High-level strobe vol1age 

VIL(S) Low-level strobe voltage 

VICR Common-mode input voltage range VCC_=-7Vto -12V 

VIO Oifferential input voltage range 

AVO 
Large-signal differential vol1age 

Vo =0.5 Vt05 V. No load 
amplification 

VOH High-level output voltage 10H = -400 flA VIO=8mV 

10L= 100 rnA VID=-7mV 

VOL Low-level output voltage 10L= 50 mA Vlo=-7mV 

IOL=16mA Vlo=-8mV 

IVO=7 mV 
10H High-level output voltage VOH=8Vt024V I 

VIO=8mV 

ICC+ Supply current from VCC+ VID =-5 mV. No load 

ICC- Supply current from VCC- No load 

t Unless otherwise noted. all characteristics are measured with both strobes open. 
:t: Full range is O°C to 70°C. MIN is O°C. MAX is 70°C. 
§This typical value is at VCC+ = 12 V. VCC- = -6 V. 

TA* MIN TYP MAX UNIT 

25°C 1.6§ 5 
mV 

Full range 6.5 

Full range 5 20 IlV/oC 

25°C 1.8 5 

MIN 1 7.5 flA 
MAX 0.5 5 

MIN to 25°C 24 100 
nA/oC 

25°C to MAX 15 50 

MIN to 25°C 40 

25°C to MAX 16 25 
flA 

Full range -1.7 -3.2 rnA 

Full range 2.2 V 

Full range 0.9 V 

Full range· ±5 V 

Full range ±5 V 

25°C 40 V/mV 

Full range 2.5. 5.5 V 

25°C 0.8 2 

Full range 1 V 

Full range 0.4 

MIN to 25°C 0.02 2 

25°C to MAX 100 
flA 

Full range 6.6 10 rnA 

Full range -1.9 -3.6 rnA 

NOTE 5: The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (VoLl or up 
to the high range (VOH). These parameters actually define an error band and take into account the worst-case effects of voltage gain 
and input impedance. 

switching characteristics, VCC+ = 12 V, VCC- = -6 V, TA = 25°C 

PARAMETER TEST CONDITIONSt MIN TYP MAX 

Response time. low-to-high-Ievel output RL = 390 Oto 5 V. CL = 15 pF. See Note 6 28 40 

t All characteristics are measured with both strobes open. 
NOTE 6: The response time specified is for a 1 OO-mV input step with 5-mV overdrive and is the interval between the input step function and the 

instant when the output crosses 1.4 V. 
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LM306 
DIFFERENTIAL COMPARATOR WITH STROBES 

SLCSOOSA - OCTOBER 1979 - REVISED OCTOBER 1991 

TYPICAL CHARACTERISTICS 

Table of Graphs 

liB Input bias current 

110 Input offset current 

VOH High-level output voltage 

VOL Low-level output voltage 

Va Output voltage 

10 Output current 

A.io Large-slgnal differential voltage amplification 

lOS Short-circuit output current 

Output response 

ICC+ Positive supply current 

ICC- Negative supply current 

Po Total power dissipation 

INPUT OFFSET CURRENT 
va 

FREE-AIR TEMPERATURE 

VCc.=12V 
VCC_·-6V 
VO"o.5 Vto 5 V 

FIGURE 

vs Free·air temperature 1 

vs Free-air temperature 2 

vs Free-air temperature 3 

vs Free-air tamperature 4 

vs Differential input voltage 5 

vs Differential Input voltage 6 

vi; Free-air temperature 7 

vs Free-air temperature 8 

ysTime 9,10 

vs Positive supply voltage 11 

vs Negative supply voltage 12 

vs Free-air temperature 13 

INPUT BIAS CURRENT 
va 

FREE-AIR TEMPERATURE 

'" VCC+=12V 

"'-
VCC_=-6V 
Vc = 0.5 VtoS V 

C 
:I. 
I i'. ~ C 

:I. 
I 

20 

18 

16 

14 
.......... r-... 

) 2 

I 1.5 

I 
I 

g 
0.5 

o 
o 

, 
........... 

............ 
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""""-
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! 
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I 

J 

12 

10 

8 

10 20 30 40 50 60 70 

TA - F .... Air Temperature - OC 

Figure 1 
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LM306 
DIFFERENTIAL COMPARATOR WITH STROBES 

SLCSOOBA - OCTOBER 1979 - REVISED OCTOBER 1991 
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TYPICAL CHARACTERISTICS 

HIGH·LEVEL OUTPUT VOLTAGE 
vs 

FREE·AIR TEMPERATURE 

VCC+=12V 
VCC_=-3Vto-12V 
VtO=BmV 

> 
I 

CD 

1.2 

LOW·LEVEL OUTPUT VOLTAGE 
vs 

FREE·AIR TEMPERATURE 

VCC+ = 12 V 
VCC-=-3 Vto-12 V 
Vto=-BmV --- tOH=O I 

~ 5 

4 

3 

2 

1 
o 

7 

6 

5 

tOH=-400~ 

10 20 30 40 50 60 70 

TA - Free-Air Temperature - °C 

Figure 3 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

VC~+=12V 
VCC_=-6V 
Rl= 00 

I 
It-t-r-TA i 25°C 

'$ 
13-
:::I 
0 
'ii 

S 
~ 
I 
...I 

oJ' 

C 
I 

C! 

O.B 

0.6 

0.4 

0.2 

o 
o 

10 

10-1 

tOl=100mA-r--

tOl= 50 mA 

I 

tOl = 16 mA 

IOl=O 

10 20 30 40 50 60 70 
TA - Free-Air Temperature - °C 

Figure 4 

OUTPUT CURRENT 
vs 

DIFFERENTIAL INPUT VOLTAGE 

/ 
~A=OO~ 

lJr"';3 

TA=70°C~ V , 10-2 - TA=25°C ~ 

4 - _ T1=ooC-I 
~ 10-3 \ 

3 

2 

0 

-1 
-2 

:::I 
0 

10-4 '$ 

~ 10-5 0 

~. 

1\\ 
4-f-TA= 700 ( 

I 

9 10-6 

10-7 

10-B 

TA= 70°C 

TA=125oc 
VCC+=VO=12 If ~ VCj=-r tor2V 

~ 10-9 

J I) 

-1 '. 0 2 -5 -4 -3 -2 -1 0 2 3 

VIO - Olfferentiallnput Voltage - mV VIO - Oifferentlallnput Voltage - mV 

Figure 5 
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LM306 
DIFFERENTIAL COMPARATOR WITH STROBES 

SLCS008A - OCTOBER 1979 - REVISED OCTOBER 1991 

TYPICAL CHARACTERISTICS 

--.. 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

I J ~ 
VCC- = - 3 V to -12 V 
VO=1 to2V 

~ RL=~ 
...... 

......... 
............... --r-- ~15V-

..L_ Jo..,. ..... -- . ~ I, 
~+=10V --r-- I 1-

o 

.... VCC+=15V 

10 20 30 40 50 
TA - Free-Air Temperature - °C 

Figure 7 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

-
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SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

IVCC+~VO='12V 
VCC-=-6V _ 
VIO=-8mV 
See Note A 

10 20 30 40 50 60 70 

TA - Free-Air Temperature - °C 

NOTE A: This parameter was measured using a single 5-ms 
pulse. 

Figure 8 
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LM306 
DIFFERENTIAL COMPARATOR WITH STROBES 

SLCSOOBA - OCTOBER 1979 - REVISED OCTOBER 1991 

TYPICAL CHARACTERISTICS 

10 

9 

o 

POSITIVE SUPPLY CURRENT 
VB 

POSITIVE SUPPLY VOLTAGE 

VcJ-=-,- Vto~12V 
t- RL= = 

TA=2SOC 

~ 
i-"""" 
ID=-SmV 

V i-"""" 

V 
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./"" VvIP=smv 

./ V 

t---

4 

~ 
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::I 
U 

1 
til 2 

j 
I 1 
I 

~ 

o 

NEGATIVE SUPPLY CURRENT 
VB 

NEGATIVE SUPPLY VOLTAGE 

vdc+ = ~2V 
I'- RL== 

TA=2SoC 

V ~ ./ 

V 

~ 
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VCC+ - Positive Supply Voltage - V VCC- - Negative Supply Voltage - V 

Figure 11 

120 

~ 100 
I 

5 

J 
80 

60 

J 
j 40 
{!. 
I 

,p 20 

TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 
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Figure 12 
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LM339x2 
OCTAL DIFFERENTIAL COMPARATOR 

SLCS122A - APRIL 1996 - REVISED SEPTEMBER 1996 

• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage 
2Vt036V 

• Low Supply-Current Drain Independent of 
Supply Voltage ••• 1.6 mA Typ 

• Low Input Bias Current ..• 25 nA Typ 

• Low Input Offset Current .•. 5 nA Typ 

• Low Input Offset Voltage ••• 2 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage .•• ±36 V 

• Low Output Saturation Voltage 

• Output Compatible With TTL, MOS, and 
CMOS 

description 

The LM339x2 consists of eight independent 
voltage comparators that are designed to operate 
from a single power supply over a wide range of 
voltages. Operation from dual supplies is also 
possible when the difference between the two 
supplies is 2 V to 36 V and V CC is at least 1.5 V 
more positive than the input common-mode 
voltage. Current drain is independent of the 
supply voltage. The outputs can be connected to 
other open-collector outputs to achieve wire-AND 
relationships. 

10UT 

20UT 

NC 

21N-

21N+ 

11N-

11N+ 

VCC+ 

30UT 

40UT 

NC 

41N-

41N+ 

31N-

31N+ 

OBPACKAGE 
(TOP VIEW) 

CD 30 

2 29 

3 28 

4 27 

5 26 

6 25 

7 24 

8 23 

9 22 

10 21 

11 20 

12 19 

13 18 

14 17 

15 16 

NC - No internal connection 

symbol (each comparator) 

IN+=t>-

IN-

AVAILABLE OPTION 

PACKAGE 

TA VIOmax AT 25°C SMALL OUTLINE 
(OB)t 

O°Cto 70°C 5mV LM339x2DBLE 

t The DB package is only available left-end taped and reeled. 

70UT 

BOUT 

NC 

BIN+ 

BIN-

71N+ 

71N-

Vcc_/GND 

SOUT 

60UT 

NC 

61N+ 

61N-

SIN+ 

SIN-

OUT 
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LM339x2 
OCTAL DIFFERENTIAL COMPARATOR 

SLCS122A-APRIL 1996- REVISED SEPTEMBER 1996 

schematic (each comparator) 

,----------------.------- VCC+ 
ACTUAL DEVICE 

COMPONENT COUNT 
SO-IJA 

Current 
Regulator 

Transistors 120 
Diodes 7 
Resistors 4 
JFET 2 

IN+ 

OUT 

IN- -------------+-------+---------' 

All component values shown are nominal. 

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

Supply voltage, Vee (see Note 1) ........................................................... 36 V 
Differential input voltage, VID (see Note 2) .................................................. ±36 V 
Input voltage range, VI (any input) ................................................... -0.3 V to 36 V 
Output voltage, Vo ........................................................................ 36 V 
Output current, 10 ......................................................................... 20 mA 
Duration of output short circuit to ground (see Note 3) ..................................... unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A ............................................. O°C to 70°C 
Storage temperature range ....................................................... -60°C to 150°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 conditions beyond those indicated is not implied. Exposure to absolute-maxi mum-rated conditions for 
extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to network GND. 
2. Differential voltages are at IN+ with respect to IN-. 
3. Short circuits from outputs to VCC can cause excessive heating and eventual destruction. 

DISSIPATION RATING TABLE 

PACKAGE 
TA S 25°C DERATING FACTOR TA = 70°C 

POWER RATING ABOVE TA = 25°C POWER RATING 

DB 1024 mW 8.2 mW/oC 655 mW 

electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 
PARAMETER 

VIO Input offset voltage 

110 Input offset current 

7-42 

TEST CONDITIONS 

VCC = 5 Vto 30 V, 
VIC = VICRmin, VO=1.4V 

VO=1.4V 

~TEXAS 
INSTRUMENTS 

TAt 

25°C 

Full range 

25"C 

Full range 
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MIN TYP* MAX UNIT 

2 5 
mV 

9 

5 50 
nA 

150 



LM339x2 
OCTAL DIFFERENTIAL COMPARATOR 

SLCS122A-APRIL 1996 - REVISED SEPTEMBER 1996 

25°C -25 -250 
liB Input bias current VO=l.4V nA 

Full range -400 

25°C 
Oto 

VICR Common-mode input voltage range 
VCC-l.5 

V 

Full range 
Oto 

VCC-2 

VCC=15V, 
AVD Large-signal differential voltage amplification Vo = 1.4 Vto 11.4 V, 25°C 50 200 V/mV 

RL=" 15 knto VCC 

25°C 150 400 
VOL Low-level output voltage VID=-l V, IOL=4mA mV 

Full range 700 

IVOH=5V 25°C 0.1 50 nA 
IOH High-level output current VID= 1 V I VOH =30V Full range 1 IlA 

IOL Low-level output current VID=-l V, VOL = 1.5 V 25°C 6 16 mA 

VO=2.5V, No load 25°C 1.6 4 mA 
ICC Supply current (eight comparators) 

VCC= 30 V, No load 25°C 2 5 mA 
.. t Full range for LM339 IS O°C to 70°C. All characteristics are measured With zero common-mode Input voltage unless otherwise specified . 

=1= All typical values are measured at TA = 25°C. 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX 

RL connected to 5 V through 5.1 kQ, 1100-mV input step with 5-mV overdrive 1.3 
Response time CL = 15 pF§, See Note 4 I TTL Hevel input step 0.3 

§ CL includes probe and jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 

SLCS014 -OCTOBER 1977 -REVISED APRIL 1988 

• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage 
2Vt028V 

• Low Supply Current Drain Independent of 
Supply Voltage ••• 0.8 rnA Typ 

• Low Input Bias Current ... 25 nA Typ 

• Low Input Offset Current ... 3 nA Typ 

• Low Input Offset Voltage •.. 3 mV Typ 

• Common-Mode Input Voltage Range 
Includes Ground 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage •.. ± 28 V 

• Low Output Saturation Voltage 

• Output Compatible With TTL, MOS, and 
CMOS 

description 

D, J, OR N PACKAGE 
(TOP VIEW) 

lOUT 30UT 
20UT 40UT 

GND 
41N+ 

21N+ 41N-
11N- 31N+ 

31N-

This device consists of four independent voltage comparators that are designed to operate from a single power 
supply over a wide range of voltages. Operation from dual supplies is also possible so long as the difference 
between the two supplies is 2 V to 28 V and Vee is a least 1 .5 V more positive than the input common-mode 
voltage. Current drain is independent of the supply voltage. The outputs can be connected to other 
open-collector outputs to achieve wired-AND relationships. 

AVAILABLE OPTIONS 

PACKAGE 

TA VIOmax at 25°C SMALL OUTLINE CERAMIC DIP PLASTIC DIP 
(D)t (J) (N) 

-40°C to 85°C 20mV LM3302D LM3302J LM3302N 

t The D packages are available taped and reeled. Add the suffix R to the deVice type, when ordenng (I.e .• LM3302DR). 

~TEXAS 
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LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 

SLCS014 -OCTOBER 19n -REVISED APRIL 1988 

symbol (each comparator) 

IN+~ ___ OUT 

IN------v--

schematic 

IN+-..... ---J 

80-1lA Current 
Regulator 

IN-------------~------_r----------~ 

Current values shown are nominal. 

Vcc 

801lA 

OUT 

GND 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage, Vee (see Note 1) ........................................................... 28 V 
Differential input voltage, VID (see Note 2) .................................................. ±28 V 
Input voltage range, VI (either input), VI ............................................. - 0.3 V to 28 V 
Output voltage, Vo ........................................................................ 28 V 
Output current, 10 ........................................................................ 20 mA 
Duration of output short-circuit to ground (see Note 3) ..................................... unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A ........................................... - 40°C to 85°C 
Storage temperature range ......•................................................ - 65°C to 150°C 
Lead temperature range 1,6 mm (1/16 inch) from case for 60 seconds: J package ................ 300°C 
Lead temperature range 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........... 260°C 

t Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. There are stress ratings only, and 
functional operation of the device atthese or any other conditions beyond those indicated in the recommended operating conditions section ofthis 
specification 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 network ground. 
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2. Differential voltages are at IN+ with respect to IN-. 
3. Short circuits from the output to vCC can cause excessive heating and eventualdastruction. 
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LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 

SLCS014-OCTOBER 1977-REVISEDAPRIL 1988 

DISSIPATION RATING TABLE 

PACKAGE 
TA~25°C DERATING FACTOR TA=70°C TA=85°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING 

D 950 mW 7.6mW/"C 608mW 494mW 
J 1025 mW 8.2mW/oC 656mW 533mW 
N 1150 mW 9.2 mW/oC 736mW 598mW 

electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS* TA MIN TYP MAX 

VCC =5 Vt028 v, VIC = VICR min, 25°C 3 20 
VIO Input offset voltage 

Vo = 1.4 V - 40°C to 85°C 40 

25°C 3 100 
110 Input offset voltage VO=1.4V 

- 40°C to 85°C 300 

25°C -25 -500 
liB Input bias current 

- 40°C to 85°C -1000 

25°C 
Oto 

VICR 
Common-mode input VCC-1.5 

voltage range Oto 
- 40°C to 85°C 

VCC-2 

AVD 
Large-signal differential VCC=15V, VO=1.4Vt011.4V, 

25°C 2 30 voltage amplification RL= 15ntoVcC 

25°C 0.1 
10H High-level output current VID= 1 V, VOH=5V 

- 40°C to 85°C 1 

25°C 150 500 
VOL Low-level output voltage VID=1 V, VOH=5V 

- 40°C to 85°C 700 

10L Low-level output current VID= 1 V, VOL=1.5V 25°C 6 16 

ICC 
Supply current 

VO=2.5V, No load 25°C 0.8 
(four comparators) 

.. 
:j: All characteristics are measured With zero common-mode Input voltage unless otherwise specified . 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX 

RL=5.1 knt05V, CL= 15pFt, 1100-mV input step with 5-mV overdrive 1.3 
Response time See Note 4 I TTL-level input step 0.3 

" t CL Includes probe and Jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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mV 

nA 

nA 

V 

VlmV 

nA 

!iA 

mV 

rnA 

rnA 

UNIT 

!f.S 
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LP111, LP211, LP311 
LuW-POWERDIFFERENTIAL COMPARATORS WITH STROBES 

SLCSOO3A- 1987 - REVISED MAY 1988 

• Low Power Drain ••• 900 JlW Typical With 
5-V Supply 

• Operates From ±15 Vor From a Single 
Supply as Low as 3 V 

• Output Drive Capability of 25 mA 

• Emitter Output Can Swing Below Negative 
Supply 

• Response Time ••• 1.2 Jls Typ 

• Low Input Currents: 
Offset Current ••• 2 nA Typ 
Bias Current ••• 15 nA Typ 

• Wide Common-Mode Input Range: 
-14.5 V to 13.5 V Using ±15-V Supply 

• Same Pinout as LM111, LM211, LM311 

• Designed to Be Interchangeable With 
National Semiconductor LP311 

description 

The LP111, LP211, LP311 are low-power versions 
of the industry standard LM111, LM211, LM311. 
They take advantage of stable, high-value, 
ion-implanted resistors to perform the same 
function as the LM311 series, with a 30:1 
reduction in power consumption but only a 6:1 
slowdown in response time. They are well suited 
for battery-powered applications and all other 
applications where fast response times are not 
needed. They operate over a wide range of supply 
voltages, from ±18 V down to a single 3-V supply 
with less than 300-JlA current drain, but are still 
capable of driving a 25-mA load. The LP111, 
LP211, and LP311 are quite easy to apply free of 
oscillation if ordinary precautions are taken to 
minimize stray coupling from the output to either 
input or to the trim pins. 

The LP111 is characterized for operation over the 
full military temperature range of-55°eto 125°e. 
The LP211 is characterized for operation from 
- 25°e to 85°e, and the LP311 is characterized for 
operation from ooe to 70oe. 

LP111 ••• JG PACKAGE 
LP211, LP311 ••• D, JG, OR P PACKAGE 

(TOP VIEW) 

IN+ 2 7 COL OUT 
EMIT OUT []8 VCC+ 

IN- 3 6 BAL I STRB 

VCC- 4 5 BALANCE 

LP111 ••• FK PACKAGE 

NC 4 
IN+ 5 
NC 6 
IN- 7 

NC 8 

(TOP VIEW) 

I-
:> 
0 

+ I-

~ ~~~~ 
3 2 1 20 19 

18 

17 

16 

15 

14 
9 10 11 12 13 

0 1 
zO 

§: 
OWO 
ZOz 

i 
NC - No intemal connection 

unctional block diagram 

BALANCE -----, 

BAL I STRB -----, 

IN+ 

IN-

NC 

COL OUT 

NC 

BAL/STRB 

NC 

COL OUT 

EMIT OUT 

AVAILABLE OPTIONS 

PACKAGE 

TA VIOmax AT 25°C SMALL OUTUNE CERAMIC CERAMIC DIP PLASTIC DIP 
(D) (FK) (JG) (P) 

0°Cl070°C 7.5mV LP311D - LP311JG LP311P 

-25 OCto 85 °C 7.5mV LP211D - LP211JG LP211P 

-55 OCto 125°C 7.5mV - LP111FK LP111JG -

~TEXAS 
INSTRUMENTS 

Copyright © 1988. Texas Instruments Incorporated 
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LP111, LP211, LP311 
LOW-POWER DIFFERENTIAL COMPARATORS WITH STROBES 

SLCSOO3A-JUNE 1987 - REVISED MAY 1988 

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 
Supply voltage, Vcc+ (see Note 1) .......................................................... 18 V 
Supply voltage, V cc- (see Note 1) ......................................................... - 18 V 
Differential input voltage, VIO (see Note 2) .................................................. ±30 V 
Input voltage, VI (either input, see Notes 1 and 3) ............................................ ±15 V 
Voltage from emitter output to V cc _ ........................................................ 30 V 
Voltage from collector output to Vcc _ ....................................................... 40 V 
Voltage from collector outputto emitter output ................................................ 40 V 
Duration of output short circuit (see Note 4) .................................................. 40 V 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: LP111 .................................... - 55°C to 125°C 

LP211 ..................................... -25°Ct085°C 
LP311 ........................................ O°C to 70°C 

Storage temperature range ....................................................... - 65°C to 150°C 
Lead temperature range 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ........... 260°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature range 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 in the recommended operating conditions section of this 
specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCe- . 
2. Differential input voltages are at IN+ with respect to IN -. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage of ±15 V, whichever is less. 
4. The output may be shorted to ground or to either power supply. 

DISSIPATION RATING TABLE 

PACKAGE TAS25°C DERATING DERATE TA = 70°C 
POWER RATING FACTOR ABOVETA POWERRAnNG 

D 500mW 5.8mW/"C 64°C 464mW 
FK 1375mW 11.0mW/oC 25°C 880mW 

JG (LPll1) 1050mW 8.4mW/"C 25°C 672mW 
JG (LP_11) 825mW 6.6mW/oC 25°C 528mW 

P SOOmW 8.0mW/oC 88°C SOOmW 

recommended operating conditions 

Input voltage (I VCC+ I S 1S V) 

Supply voltage, VCC+ - VCC-

7-50 
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TA = 85°C TA = 125°C 
POWER RATING POWER RATING 

377mW -
715mW 275mW 
546mW 210mW 
429mW -
500mW -

MIN MAX UNIT 

VCC_+O.S VCC+-1.S V 

3.5 30 V 



LP111, LP211, LP311 
LOW-POWER DIFFERENTIAL COMPARATORS WITH STROBES 

SLCS003A - JUNE 1967 - REVISED MAY 1966 

electrical characteristics at specified free-air temperature, Vcc± = ±15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA MIN TYpt MAX UNIT 

25°C 2 7.5 
VIO Input offset voltage RS < 100 kn, See Note 5 mV 

Full range 10 

VIO> 10 mY, IOL=25mA, 
25°C 0.4 1.5 

See Note 6 

VOL LOW-level output voltage VCC =4.5 V, VCC-=O, LP111 0.1 0.7 V 

Vlo<-10mV, 10L= 1.6 mA, LP211, Full range 
See Note 6 LP311 

0.1 0.4 

25°C 2 25 
110 Input offset current See Note 5 nA 

Full range 35 

25°C 15 100 
liB Input bias current nA 

Full range 150 

LOW-level strobe current V(strobe) = 0.3 V, VIO <-10mV, 25°C 100 300 !lA See Note 7 

10(011) Output off-state current VIO> 10mV, VCE=35V 25°C 0.2 100 nA 

AVO 
Large signal differential voltage 

RL=5 kn 25°C 40 100 V/mV 
amplification 

ICC+ Supply current from VCC+ VIO =-50 V, RL= 00 Full range 150 300 !lA 

ICC- Supply current from VCC- VIO=50V, RL=oo Full range -80 -180 !lA 

t All typical values are at VCC± = ±15 V, TA = 25°C. 
NOTES: 5. The offset voltages and offset currents given are the maximum values required to drive the output within 1 V of either supply with 

a 1-mA load. Thus, these parameters define an error band and take into account the worst-case effects of voltage gain and input 
impedance. 

6. Voltages are with respect to EMIT OUT and VCC _ tied together. 
7. The strobe should not be shorted to ground; it should be current driven at 100 !lA to 300!lA. 

switching characteristics, VCC± = ±5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

Response time See Note 8 

NOTE 8: The response time is specified for a 100-mV input step with 5-mV overdrive. 
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LP239,LP339,LP2901 
LOW·POWER QUAD DIFFERENTIAL COMPARATORS 

• Ultra low Power Supply Current 
Drain ... 60 itA Typ 

• Low Input Biasing Current ..• 3 nA 
• Low Input Offset Current .•. ±O.5 nA 
• Low Input Offset Voltage •.• ±2 mV 
• Common-Mode Input Voltage Includes 

Ground 

• Output Voltage Compatible With MOS and 
CMOS Logic 

• High Output Sink-Current Capability 
(30 mA at Vo = 2V) 

• Power Supply Input Reverse-Voltage 
Protected 

• Single-Power-Supply Operation 
• Pin-for-Pin Compatible With LM239, LM339, 

LM2901 

description 

D, J, OR N PACKAGE 
(TOP VIEW) 

10UT 30UT 
20UT 40UT 

Vcc GND 
21N- 4 41N+ 
21N+ 41N-
11N-

1988 

The LP239, LP339, LP2901 are low-power quadruple differential comparators. Each device consists of four 
independent voltage comparators designed specifically to operate from a single power supply and typically to 
draw 50-ItA drain current over a wide range of voltages. Operation from split power supplies is also possible 
and the ultralow power supply drain current is independent of the power supply voltage. 

Applications include limit comparators, simple analog-to-digital converters, pulse generators, squarewave 
generators, time delay generators, voltage controlled oscillators, multivibrators, and high-voltage logic gates. 
The LP239, LP339, LP2901 were specifically designed to interface with the CMOS logiC family. The ultralow 
power supply current makes these products desirable in battery-powered applications. 

The LP239 is characterized for operation from - 25°C to 85°C. The LP339 is characterized for operation from 
O°C to 70°C. The LP2901 is characterized for operation from - 40°C to 85°C. 

AVAILABLE OPTIONS 

PACKAGE 

TA VIOmax AT 25°C SMALL OUTLINE PLASTIC DIP CERAMIC DIP 
(D) (N) (J) 

O°Cto70°C ±5mV LP339D LP339N LP339J 

-25°Cto85°C ±5mV LP239D LP239N LP239J 

-40°Cto85°C ±5mV LP2901D LP2901N LP2901J 
.' The D package IS available taped-and-reeled. Add R suffiX to deVice type when ordering (e.g., LP339DR). 

~:~':"':1:.=.~,::::.:::,c~~ 
~TEXAS 
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LP239, LP339, LP2901 
LOW-POWER QUAD DIFFERENTIAL COMPARATORS 

SLCS004A - OCTOBER 1987 - REVISED MAY 1988 

schematic diagram (each comparator) 
Vcc 

IN+ 
OUT 

IN-

GND 

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

Supply voltage, Vee (see Note 1) ........................................................... 36 V 
Differential input voltage, VIO (see Note 2) .................................................. ±36 V 
Input voltage range, VI (either input) ................................................ - 0.3 V to 36 V 
Input current, VI :5: - 0.3 V (see Note 3) ................................................... - 50 rnA 
Duration of output short-circuitto ground (see Note 4) ..................................... Unlimited 
Continuous total dissipation (see Note 5) ................................ See Dissipation Rating Table 
Operating free-air temperature range, T A: LP239 ..................................... - 25°C to 85°C 

LP339 ........................................ O°C to 70°C 
LP2901 .................................... - 40°C to 85°C 

Storage temperature range ............................................ , .......... - 65°C to 150°C 
Lead temperature range 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........... 260°C 
Lead temperature range 1,6 mm (1/16 inch) from case for 60 seconds: J 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 in the recommended operating conditions is not implied. 
Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabilitY. 

NOTES: 1. All voRage values, except differential voltages, are with respect to the network ground. 
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2. Differential voRages are at IN+ with respect to IN-. 
3. This input current only exists when the voltage at any of the inputs is driven negative. The current flows through the collector-base 

junction of the input clamping device. In addition to the clamping device action, there Is lateral n-p-n parasitic transistor action. This 
action is not destructive and normal output states are re-established when the input voltage retums to a value more positive than 
-0.3 V atTA = 25°e. 

4. Short circuits between outputs to Vee can cause excessive heating and eventual destruction. 
5. If the output transistors are allowed to saturate, the low bias dissipation and the on-off characteristics of the outputs keep the 

dissipation very small (usually less than 100 mW). 

PACKAGE 

D 
J 
N 

TAS25°C 
POWER RATING 

950 mW 
1025 mW 
1150 mW 

DISSIPATION RATING TABLE 

DERATING FACTOR 
ABOVE TA = 25°C 

7.6mW/"C 
B.2mWre 
9.2mWre 

~11. TEXAS 
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TA=70°C 
POWER RATING 

60BmW 
656mW 
736mW 
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-TA=85°C 
POWER RATING 

494mW 
533mW 
59BmW 



LP239, LP339, LP2901 
LOW-POWER QUAD DIFFERENTIAL COMPARATORS 

SLCS004A - OCTOBER 1987 - REVISED MAY 1988 

recommended operating conditions 

LP239 LP339 

MIN MAX MIN MAX 

VCC Supply voltage 5 30 5 30 

VCC=5V 0 3 0 3 
V'C Common-mode input voltage 

VCC=30V 0 28 0 28 

VCC=5V 0 3 0 3 
V, Input voltage 

VCC=30V 0 28 0 28 

TA Operating free-air temperature -25 85 0 70 

electrical characteristics, Vee = 5 V, TA = 25°e (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN 

VCC =5 Vt030 V, VO=2V, 25°C 
V,O Input offset voltage 

RS=O, See Note 6 Full range 

',0 Input offset current 
25°C 

Full range 

25°C 
liB Input bias current See Note 7 

Full range 

25°C 
Oto 

V,CR 
Common-mode input voltage 

Single supply 
VCC-1.5 

range 
Full range 

Oto 
VCC-2 

AVD 
Large-signal differential voltage 

VCC=15V, RL=15kO amplification 

VO=2V, 25°C 20 

Output sink current V,_= 1 V, See Note 8 Full range 15 
V,+=O 

VO=O.4V 25°C 0.2 

VI+= 1 V, VO=5V 25°C 
Output leakage current 

VI_=O VO=30V Full range 

V,D Differential input voltage V, ~ 0 (or VCC _ on split supplies) 

ICC Supply current RL = 00 all comparators 

t Full range IS -25°C to 85°C for the LP239, O°C to 70°C for the LP339, and -40°C to 85°C for the LP2901. 
NOTES: 6. V,O is measured over the full common-mode input voltage range. 

LP2901 
UNIT 

MIN MAX 

5 30 V 

0 3 V 

0 28 V 

0 3 V 

0 28 V 

-40 85 °C 

TYP MAX UNIT 

±2 ±5 
mV 

±9 

±O.5 ±5 
nA 

±1 ±15 

-2.5 -25 
nA 

-4 -40 

V 

500 V/mV 

30 

mA 

0.7 

0.1 nA 

1 I!A 
36 V 

60 100 I!A 

7. Because of the p-n-p input stage, the direction of the current is out olthe device. This current is essentially constant (i.e., independent 
of the output state). No loading change exists on the reference or input lines as long as the common-mode input voltage range is 
not exceeded. 

8. The output sink current is a function of the output voltage. These devices have a bimodal output section that allows them to sink 
(via a Darlington connection) large currents at output voltages greater than 1.5 V, and smaller currents at output voltages 
less than 1.5 V. 

switching characteristics, Vee = 5 V, TA = 25°e, RL connected to 5 V through 5.1 kn 

PARAMETER 

Large-signal response time 

Response time 

TEST CONDITIONS 

TIL logic swing, Vref = 1.4 V 

~TEXAS 
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MIN TYP 

1.3 

8 

MAX UNIT 

its 
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LP239,LP339,LP2901 
LOW·POWER QUAD DIFFERENTIAL COMPARATORS 

SLCS004A - OCTOBER 1987 - REVISED MAY 1988 

7-56 

APPLICATION INFORMATION 

Figure 1 shows the basic configuration for using the LP239, LP339, or LP2901 comparator. Figure 2 shows the 
diagram for using one of these comparators as a CMOS driver. 

IN+ 

IN-

Vee 

30kn 

>---OUT 

1/4 LP239, LP339, 
or LP2901 

Figure 1. Basic Comparator 

IN+ 

IN-

1/4 LP239, LP339, 
or LP2901 

Vee 

100kn 

OUT 

1/4 SN54(74LSOO or 
1/4 SN54(74ALS1000A 

Figure 2. CMOS Driver 

All pins of any unused comparators should be grounded. The bias network of the LP239, LP339, and LP2901 
establishes a drain current that is independent of the magnitude of the power supply voltage over the range of 
2 V to 30 V. It is usually necessary to use a bypass capaCitor across the power supply line. 

The differential input voltage may be larger than Vee without damaging the device. Protection should be 
provided to prevent the input voltages from going negative by more than - 0.3 V. The output section has two 
distinct modes of operation: a Darlington mode and a ground-emitter mode. This unique drive circuit permits 
the device to sink 30 mA at Vo = 2 V in the Darlington mode and 700 J.IA at Vo = 0.4 V in the ground-emitter 
mode. Figure 3 is a simplified schematic diagram of the output section. The output section is configured in a 
Darlington connection (ignoring 03). If the output voltage is held high enough (above 1 V), 01 is not saturated 
and the output current is limited only by the product ofthe hFE of 01, the hFE of 02, and 11 and the 60-n saturation 
resistance of 02. The devices are capable of driving LEDs, relays, etc. in this mode while maintaining an ultralow 
power supply current of 60 J.IA typically. 

-.....-------- vee 

t--f-----.- Vo 

Figure 3. Output-Section Schematic Diagram 
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LP239,LP339,LP2901 
LOW-POWER QUAD DIFFERENTIAL COMPARATORS 

SLCS004A-OCTOBER 1987-REVISED MAY 1988 

APPLICATION INFORMATION 

Without transistor 03, if the output voltage were allowed to drop below 0.8 V, transistor 01 would saturate and 
the output current would drop to zero. The circuit would be unable to pull low current loads down to ground or 
the negative supply, if used. Transistor 03 has been included to bypass transistor 01 under these conditions 
and apply the current 11 directly to the base of 02. The output sink current is now approximately 11 times the 
hFE of 02 (700 IlA at Vo = 0.4 V). The output of the devices exhibit a bimodal characteristic with a smooth 
transition between modes. 

In both cases, the output is an uncommitted collector. Several outputs can be tied together to provide a dot logic 
function. An output pullup resistor can be connected to any available power supply voltage within the permitted 
power supply rallge, and there is no restriction on this voltage based on the magnitude of the voltage that is 
supplied to Vee of the package. 

~TEXAS 
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TL393, TL393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS120A - AUGUST 1993 - REVISED DECEMBER 1993 

• Low-Voltage and Single-Supply Operation 
Vcc=2Vto7V 

• Common-Mode Voltage Range That 
Includes Ground 

description 

0, P, OR PW PACKAGE 
(TOP VIEW) 

10UTua Vee 
11N- 2 7 20UT 
lIN+ 3 6 21N-
GND 4 5 21N+ 

The TL393 is a dual differential comparator built using a new Texas Instruments-developed bipolar process. The 
TL393 is intended as an enhanced alternative to the industry-standard LM393 in circuits with supply-voltage 
limits of7V. 

The new bipolar process allows the TL393 to perform with lower supply-current requirements than the LM393 
(0.7 mA typical) while still providing a faster response time than the older device. 

Package availability for this device includes the TSSOP (thin-shrink small-outline package). With a maximum 
thickness of 1.1 mm and a package area that is 25% smaller than the standard surface-mount package, the 
TSSOP is ideal for high-density circuits, particularly in hand-held and portable equipment. 

AVAILABLE OPTIONS 

SUPPLY PACKAGED DEVICES 

TA CURRENT 
RESPONSE TIME CHIP FORM 

(TYP) SMALL OUTLINE PLASTIC DIP TSSOP M (TYP) (D) (P) (pW)t 

-40oe to 105°e O.7mA O.65!J.S TL3931D TL3931P TL3931PWLE TL393Y 

t The PW packages are only avaIlable left-ended taped and reeled (e.g., TL393IPWLE). 

symbol (each comparator) 

IN+:[>-
OUT 

IN-
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TL393, TL393Y 
DUAL DIFFER ENTIAt COMPARATORS 

SLCS120A - AUGUST 1993 - REVISED DECEMBER 1993 

equivalent schematic (each comparator) 

Vcc 

IN+ 

IN-----~~--+-------r---1----J 

GND OUT 

7~O 

COMPONENT COUNT' " 

Transistors 48 
Resistors 5 
Diodes 7 
Epl-FETs 2 

~TEXAS 
INSTRUMENTS 
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TL393Y chip information 

TL393, TL393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCSl20A - AUGUST 1993 - REVISED DECEMBER 1993 

This chip, when properly assembled, displays characteristics similar to the TL393. 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 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

~TEXAS 
INSTRUMENTS 
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1 OUT 

2IN+ 

21N-

GND 

CHIP THICKNESS: 13 TYPICAL 

BONDING PADS: 3.54 x 3.54 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

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

74S1 



TL393, TL393Y 
DUAL DIFFERENTIAL COMPARATORS 

S.LCS120A - AUGUST 1993 - REVISED DECEMBER 1993 

ab$olute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee (see Note 1) ............................................................ 7 V 
Differential input voltage, VID (see Note 2) ....................... ,............................ 7 V 
Input voltage, VI (any input) ................................................................. 7 V 
Output voltage, Vo ......................................................................... 7 V 
Output current, 10 (each output) ........................................................... 20 mA 
Duration of short-circuit current to GND (see Note 3) ...................................... unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A .......................................... -40°C to 105°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 network GND. 
2. Differential voltages are at IN+ with respect to IN-. 
3. Short circuits from the outputs to Vee can cause eXcessive heating and eventual destruction of the chip. 

PACKAGE 
TA$25°C 

POWER RATING 

D 725mW 
P 1000mW 

PW 525mW 

recommended operating conditions 

Supply voltage, Vee 
Operating free-air temperature, TA 

DISSIPATION RATING TABLe 

DERATING FACTOR TA = 70°C 
ABOVE TA = 25°C POWER RATING 

5.8mW/oe 
8.0mW/oe 
4.2mW/oe 

~TEXAS· .. 
INSTRUMENTS 

464mW 
640mW 
336mW 

7-62 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TA=85°C 
POWER RATING 

377mW 
520mW 
273mW 

MIN 

2 

-40 

MAX UNIT 

7 V 
105 °e 



TL393, TL393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS120A - AUGUST 1993 - REVISED DECEMBER 1993 

electrical characteristics, Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
MIN 

25°C 
Vlb Input offset voltage VO= 1.4 V, VIC = VICRmin 

Full range 

25°C 
Oto 

VICR Common-mode input voltage range 
VCC-1.5 

Full range 
010 

VCC-2 

VID=-1V, IOL=1 mA 25°C 
VOL Low-level output voltage 

VIO=-1 V, IOL=4mA Full range 

25°C 
110 Input offset current VO=1.4V 

Full range 

25°C 
liB Input bias current VO=1.4V 

Full range 

VIO=1 V, VOH =3V 25°C 
10H High-level output current 

VIO=1 V, VOH =5V Full range 

10L low-level output current VID=-1V, VOL=1.5V 25°C 6 

ICCH High-level supply current VO=VOH 
25°C 

Full range 

25°C 
ICCL Low-level supply current VO=VOL 

Full range 

t Full range IS -40°C to 105°C. 

switching characteristics, Vee = 5 V, CL = 15 pF, TA = 25°C 

PARAMETER TEST CONDITIONS 

Response time 
100-mV input step with 5-mVoverdrive, RL connected to 5 V through 5.1 kO 

TTL-level input step, RL connected to 5 V through 5.1 kO 

~TEXAS 
INSTRUMENTS 
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TL393 
UNIT 

TYP MAX 

1.5 5 
mV 

9 

Oto 
VCC-1.2 

V 

70 300 
mV 

200 700 

5 50 
nA 

150 

-40 -250 
nA 

-400 

0.1 
nA 

100 

rnA 

140 200 

300 
IJA 

0.8 1 
mA 

1.2 

TL393 
UNIT 

MIN TYP MAX 

0.65 

0.2 
liS 
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TL393, TL393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS120A - AUGUST 1993 - REVISED DECEMBER 1993 

electrical characteristics, Vee = 5 V, TA = 25°C (unless otherwise noted) 
TL393Y 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX 

Via Input offset voltage VO=1.4V, 1.5 5 mV 

VICR Common-mode input voltage range 
Oto Oto 

V 
VCC-l.5 VCC-l.2 

VOL Low-level output voltage VID=-l V, 10L=1 rnA 70 300 mV 

110 Input offset current VO=l.4V 5 50 nA 

liB Input bias current VO=l.4V -40 -250 nA 

10H High-level output current VID=l V, VOH=3V 0.1 nA 

10L low-level output current VID=-l V, VOL = 1.5 V 6 rnA 

ICCH High-level supply current VO=VOH 140 200· l1A 
ICCL Low-level supply current Va = VOL 0.8 1 rnA 

switching characteristics, Vee = 5 V, CL = 15 pF, TA = 25°C 

PARAMETER TEST CONDITIONS 
TL393Y 

UNIT 
MIN TYP MAX 

100-mV input step with 5-mVoverdrive; RL connected to 5 V through 5.1 kO 0.65 
Response time 

TTL-level input step, RL connected to 5 V through 5.1 kO 0.2 
I!s 

TYPICAL CHARACTERISTICS 

LOW- TO HIGH-LEVEL OUTPUT RESPONSE 
FOR VARIOUS INPUT OVERDRIVES 

HIGH- TO LOW-LEVEL OUTPUT RESPONSE 
FOR VARIOUS INPUT OVERDRIVES 

> 
I 

II> 
CI 

~ S 
~ 
;; 
~ 
0 
I 

~ 
0 

> 
'liE 100 
1!1 ell> 
~f 0 c:> 
1-
c'" -Q. 
>.5 
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40 mV ----+ '{ ( 
20 mV----i 
10mV- ~ 

> 
I 

t 
~ 
;; 

S 

40 mV---Io 
, , \ 20mV-

SmV ~ o 
I 

r-----10mV 

.\ 2mV 

J J J 

VCC=SV 

TAj2S0 C 

o O.S 1.S 2 2.S 

~ 
o 

'li:e 100 
1!1 ell> 
:flf 
c~ 0 
l-ea 
>.5 

tpLH - Low- to High-Level Output 
Response Time -I!S 

Figure 1 
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SmV 
2mV Hl 

VCC=SV _ 
TA=2SoC 

o 0.2 0.4 0.6 

tpHL - High- to Low-Level Output 
Response Time - I!S 

Figure 2 
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TL712 
DIFFERENTIAL COMPARATOR 

• Operates From a Single 5-V Supply 

• 0 to 5 V Common-Mode Input Voltage 
Range 

• Self-Biased Inputs 

• Complementary 3-State Outputs 

• Enable Capability 

• Hysteresis .•. 5 mV Typ 

• Response Times ... 25 ns Typ 

description 

The TL712 is a high-speed comparator fabricated 
with bipolar Schottky process technology. The 
circuit has differential analog inputs and 
complementary 3-state TTL-compatible logic 
outputs with symmetrical switching 
characteristics. When the output enable, (DE), is 
low, both outputs are in the high-impedance state. 
This device operates from a single 5-V supply and 
is useful as a disk memory read-chain data 
comparator. 

The TL712 is characterized for operation from 
ooe to 70oe. 

schematics of inputs and outputs 

D, JG, P, OR PW PACKAGE 
(TOP VIEW) 

Neue vcc IN- 2 7 OUT-
IN+ 3 6 OUT+ 
OE 4 5 GND 

NC-No internal connection 

symbol (positive logic) 

4 

I::.? ~o",-
IN+~OUT+ 

EQUIVALENT OF EACH 
DIFFERENTIAL INPUT 

EQUIVALENT OF EACH ENABLE INPUT TYPICAL OF ALL OUTPUTS 

VCC ----4.----4.-
VCC-----.-

4 k.Q 960 Q 
Nom Nom 

Input OE ~I--.-I 

960 Q 

-----4.-- VCC 

85 Q 
Nom 

Nom Output 

~TEXAS 
INSTRUMENTS 
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TL712 
DIFFERENTIAL COMPARATOR 

SLCS002B - JUNE 1983 - REVISED DECEMBER 1992 

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

Supplyvoltage,Vcc(seeNote1) ............................................................ 7V 
Input voltage, VI, any differential input ...................................................... ±25 V 
Differential input voltage, VID (see Note 2) .................................................. ±25 V 
Enable input voltage ............................................................... , . . . . . . .. 7 V 
Low-level output current, IOL .............................................................. 50 mA 
Operating free-air temperature range, T A .............................................. O°C to 70°C 
Storage temperature range ....................................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package ............ 260°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 in the "recommended operating conditions' section of 
this specification 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 network ground. 
2. Differential voltage values are at IN+ with respect to IN-. 

recommended operating conditions 

Supply voltage, VCC 

Common-mode input voltage, VIC 

High·level output current, 10H 

Low-level output current, 10L 

Operating free-air temperature, TA 

electrical characteristics at Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

VT Threshold voltage (VT + and VT _) VICR = Ot05 v 
Vhys Hysteresis (VT + - VT _) 

VOH High-level output voltage VID= 100mV, 10H=-1 rnA 

VOL LOW-level output voltage VID =-100 mV, IOL=16mA 

10Z Off·state output current Va = 2.4 V 

II Enable current VI =5.5V 

IIH High-level enable current VIH =2.7V 

IlL Low-level enable current VIL=O.4V 

q Differential input resistance 

ro Output resistance 

lOS Short-circuit output current 

ICC Supply current VID = 0, No load 

MIN NOM MAX UNIT 

4.75 5 5.25 V 

0 5 V 

-1 rnA 

16 rnA 

0 70 °C 

MIN TYP MAX UNIT 

-10<>* 100 mV 

5 mV 

2.7 3.5 V 

0.4 0.5 V 

-20 !IA 
100 !IA 
20 !IA 

-360 !IA 
4 kO 

100 W 

-15 -85 rnA 

17 20 rnA 
.. . . t The algebraiC convention, where the more negative limit IS deSignated as minimUm, IS used In thiS data sheet for Input threshold voltage levels 

only. 

switching characteristics, Vee = 5 V, TA = 25°C 

I PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

ItPLH Propagation delay time, low-to·high-Ievel output 25 ns 

ItPHL Propagation delay time, high-to-Iow·level output 
TTL load, See Figure I, See Note 3 

25 ns 
I I .. 

NOTE 3: The response time specified is for a 100-mV input step With 5-mVoverdrive (105 mVtotal), and is the interval between the Input step 
function and the instant when the output crosses 2.5 V. 
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TL712 
DIFFERENTIAL COMPARATOR 

SLCS002B - JUNE 1983- REVISED DECEMBER 1992 

PARAMETER MEASUREMENT INFORMATION 

5V 

2kQ 

Output --.---14 __ _____ 
1N4148 

Figure 1. TTL Output Load Circuit 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVE VOLTAGES 

OUTPUT RESPONSE FOR VARIOUS 
INPUT OVERDRIVE VOLTAGES 

c---

f--

! ,oi mV + Overdrive 

I 
100mV ~ 

~rr r 
50mV " W 1/ 20mV, 

~ 5mV 

l 7 I 
~ j If 

Vcc=5V 
TTL Load 
TA=25°c 

I 

/ 

=:- 5 
CD 

;'4 
;g 
= 3 a. = 2 o 
I 1 
~ 

o 

Vcc=5V 
TTL Load 
TA = 25°C 

\ 100 mt + Overdrive 

\ .J, 

I- 100mV _ 
r.1 \ \ I- 50mV 

" 
, 5mV-f--

20mV ~ r-.., \ 
'h ~\ \ 

\. \. 

o 5 10 15 20 25 30 35 40 

t-llme-ns 

o 5 10 15 20 25 30 35 40 

Figure 2 
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TL712 
DIFFERENTIAL COMPARATOR 

SLCS002B - JUNE 1983 - REVISED DECEMBER 1992 
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II 

'8 4 

if 3 

~1 2 
U c 
1- 1 

~ o 

> 
~ 

I 1.7 

f I 1.6 

1.65 

1.55 
I 

e 1.5 

TYPICAL CHARACTERISTICS 

r--
VI 

r--

COMMON-MODE 
PULSE RESPONSE 

I 

~ YO 

1-. 500 
.n. 

I- .". 

"-
V 

I I 
VCC=5V -
TA=25°C 

o ~ ~ 50 501001~1~150 

t-TIme-ns 

Figure 4 
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TL714C 
HIGH-SPEED DIFFERENTIAL COMPARATOR 

• Operates From a 5-V Supply 

• Self-Biasing Inputs 
• Hysteresis ... 10 mV Typ 

• Response Time . .. 6 ns Typ 

• Maximum Operating Frequency 
50MHzTyp 

description 

The TL714C is a high-speed differential symbol 

D OR P PACKAGE 
(TOP VIEW) Nc(Je Vee 

IN- 2 7 NC 
IN+ 3 6 OUT 
NC 4 5 GND 

Ne - No internal connection 

comparator fabricated with bipolar Schottky IN+ =r>-
process technology. The circuit has differential OUT 
inputs and a TTL-compatible logic output with 
symmetrical switching characteristics. IN-

The device operates from a Single 5-V supply and is useful as a disk-memory read-chain data comparator. 

The TL714C is characterized for operation from O°C to 70°C. 

schematic of inputs and outputs 

EACH INPUT 

Vcc 

100n 
IN -VVIr-• .---. 

GND -----4..-..... --' 

All resistor values shown are nominal. 

OUTPUT 

son 
Vcc --JVI/Ir_e_-----, 

OUT 

:'I TEXAS 
INSTRUMENTS 

Copyright @ 1989, Texas Instruments Incorporated 
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TL714C 
HIGH-SPEED DIFFERENTIAL COMPARATOR 

SLCS015 - DECEMBER 1988 - REVISED JUNE 1989 

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

Supply voltage, Vee (see Note 1) ............................................................ 7 V 
Differential input voltage, VIO (see Note 2) ................................................... ± 5 V 
Input voltage range, VI .............................................................. Vee to GND 
Low-level output current, IOL .............................................................. 40 mA 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A .............................................. O°C to 70°C 
Storage temperature range ................................... ;................... - 65°C to 150°C 
Lead temperature1 ,6 mm (1/16 inch) from case for 10 seconds ................................ 260°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 atthese or any other conditions beyond those indicated in the recommended operating conditions section ofthis 
specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltage, are with respect to the network ground. 
2. Differential voltage values are at IN+ with respect to IN -. 

PACKAGE 

D 
P 

TA~25°C 
POWER RATING 

500mW 
500mW 

recommended operating conditions 

Supply voltage, VCC 

Common-mode input voltage, VIC 

High-level output current, 10H 

Low-level output current, 10L 

Operating free-air temperature, TA 

DISSIPATION RATING TABLE 

DERATING FACTOR 

5.8mW/oC 
NlA 

DERATE 
ABOVETA 

TA = 75°C 
POWER RATING 

464mW 
500mW 

MIN 

4.75 

1.4 
to 

VCC-l.4 

0 

MAX UNIT 

5.25 V 

V 

-1 mA 

16 mA 

70 °C 

electrical characteristics over free-air operating temperature range, Vee = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT 

VT Threshold voltage (VT + - VT _) VIC = 1.4 Vto 3.6 V -75§ 75 mV 

Vhys Hysteresis (VT + - VT-) 2 10 30 mV 

VOH High-level output voltage VID= 100mV, 10H=-1 mA 2.7 3.4 V 

VOL Low-level output voltage VID=-100mV, 10L= 16mA 0.4 0.5 V 

lOS Short-circuit output current -30 -110 rnA 

fj Differential input resistance 2.9 kQ 

ICC Supply current VID = -100 mY, 10=0 7 12 mA 

:I: All typical values are at TA = 25°C. 
§ The algebraic convention, where the more negative limit is designated as minimum, is used in this data sheet for input threshold voltage levels 

only. 
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TL714C 
HIGH-SPEED DIFFERENTIAL COMPARATOR 

SLCS015 - DECEMBER 1988 - REVISED JUNE 1989 

switching characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYPt MAX 

fmax Maximum operaling frequency VID = ± 250 mY, Ir = If = 4 ns, 
50 CL=25pF, Input duty cycle = 50% 

IPLH Propagation delay lime, low-to-high-Ievel output VID = ± 100 mY, Cl = 25 pF, 6 12 

IpHL Propagation delay time, high-Io-Iow-Ievel oUlpul See Figures 1 and 2 6 12 

tr Rise lime VID = ± 100 mY, Cl= 25 pF, 4 8 

If Fall time See Figure 3 4 8 

t All typical values are al TA = 25°C. 

VID 

Vo 

PARAMETER MEASUREMENT INFORMATION 

~ I+-- tr~4ns 

~ 
100mV 

~g~o/:... ____ 
-100mV 

~tpLH 
I VOH 

l~~ __ 
VOL 

Vo 

~ I+- tf~4ns 

90%&------ 100mV 
50% 

10% -100mV 
tpHL~ 

1.4:'\.---- VOH 

. VOL 

Figure 1. Propagation Delay Time, 
Low to High (tpLH) 

Figure 2. Propagation Delay Time, 
High to Low (tpHU 

Vo 

~ I+-- tr~4ns 

-! I: 90% 100mV 

----..1'10% 

~ I+- tf~4ns 

90%X-----

10% '------- -100mV 
-+t I+- tr 

_I f- 'AV 

____ Y'O.SV 

~~e=~-2.4V I 

O.SV _ 

Figure 3. Rise and Fall Times (tl'> If) 
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UNIT 

MHz 

ns 

ns 

ns 

ns 
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• Ultra-Fast Operation 7.4 ns (Typ) 
• Low Positive Supply Current 

10.6 mA (Typ) 

• Operates From a Single S-V Supply or From 
a Split ±S-V Supply 

• Complementary Outputs 
• Low Offset Voltage 
• No Minimum Slew Rate Requirement 

TL3016, TL3016V 
ULTRA-FAST LOW-POWER 

PRECISION COMPARATORS 

D AND PW PACKAGE 
(TOP VIEW) 

vcc+Q8 QOUT 
IN+ 2 7 QOUT 
IN- 3 6 GND 

VCC- 4 5 LATCH ENABLE 

• Output Latch Capability 
• Functional Replacement to the LT1016 symbol (each comparator) 

description 

The TL3016 is an ultra-fast comparator designed 
to interface directly to TTL logic while operating 
from either a single 5-V power supply or dual 
±5-V supplies. It features extremely tight offset 
voltage and high gain for precision applications. It 
has complementary outputs that can be latched 
using the LATCH ENABLE terminal. Figure 1 
shows the positive supply current of this 
comparator. The TL3016 only requires 10.6 mA 
(typical) to achieve a propagation delay of 7.4 ns. 

The TL3016 is a pin-for-pin functional replace
ment for the LT1016 comparator, offering higher 
speed operation but consuming half the power. 

AVAILABLE OPTIONS 

PACKAGED DEVICES 
CHIP 

TA SMALL TSSOP FORM* 
OUTLINEf (Pw) (Y) 

(D) 

O°C to 70°C TL3016CD TL3016CPWLE TL3016Y 

-40°C to 85°C TL30161D TL30161PWLE -
t The PW packages are available left-ended taped and reeled only. * Chip forms are tested at TA = 25°C only. 

15 

14 

~ 13 
I 

i 12 
::J 
u 11 

i til 10 

~ 9 
iii! 

l 8 
I 

~ 7 

6 

5 

---

IN+~~OUT 
IN_~QOUT 

POSITIVE SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

..;;..-~ 

~ ~ ...... 

~ 

-so -25 0 25 50 75 100 125 
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TA - Free-Air Temperature - °C 

Figure 1 

Copyright © 1997, Texas Instruments Incorporated 
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TL3016, TL3016Y 
ULTRA-FAST LOW-POWER 
PRECISION COMPARATORS 
SLCS130- MARCH 1997 

TL3016Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL3016C. 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. 

------ -
-------- ---------- -
--
---
---------- -
-------
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BONDING PAD ASSIGNMENTS 

(5) 
LATCH ENABLE 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'['1' 

~TEXAS 
INSTRUMENTS 

IN+ 

IN-

(4) I 
VCC- (6) 

GNI) 

QOUT 

QOUT 

CHIP THICKNESS: 10 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJ max = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

TERMINALS 1 AND 6 CAN BE 
CONNECTED TO MULTIPLE PADS. 
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TL3016, TL3016Y 
ULTRA-FAST LOW-POWER 

PRECISION COMPARATORS 
SLCS130 - MARCH 1997 

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

Supply voltage, Voo (see Note 1) ..................................................... -7 V to 7 V 
Output current, 10 ...................................................................... ± 20 rnA 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A ........................................... -40°C to 85°C 
Storage temperature range, Tstg .................................................. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 network ground. 
2. Differential voltages are at IN+ wHh respect to IN-. 

PACKAGE 

D 

PW 

DISSIPATION RATING TABLE 

TA~25°C DERATING FACTOR 
POWER RATING ABOVE TA = 25°C 

725mW 5.8mW/oC 

525mW 4.2mW/oC 
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TA = 70°C 
POWER RATING 

464mW 

336mW 
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TL3016,. TL3016Y 
ULTRA-FAST LOW-POWER 
PRECISION COMPARATORS 
SLCS130-MARCH 1997 

electrical characteristics at specified operating free-air temperature, Voo = ±5 V, VLE= 0 (unless 
otherwise noted) 

TEST CONDJT10NSt 
TL3016C 

PARAMETER 
TYP* '. MIN 

TA=25°C 0.5 
VIO Input offset voltage 

TA = full range 

aVIO 
Temperature coefficient of 

-4.S 
input offset voltage 

Input offset curreni 
TA = 25°C 0.1 

110 
TA = full range 

TA = 25°C 0.6 
liB Input bias current 

TA = full range 

Common-mode input VOO=±5V -3.75 
VICR voltage range . Voo= 5V 1.25 

CMRR 
Common-mode rejection 

-:3.75';; VIC';; 3.5 V, TA = 25°C SO 97 
ratio 

Positive supply: 4.S V ,;; +VOO ,;; 5.4 V, 
60 72 

kSVR 
Supply-voltage rejection TA = 25°C 

ratio Negative supply: -7 V,,; -VOO"; -2 V, 
TA = 25°C 

SO 100 

I(sink) = 4 mA, V+ ';;4.6 V, 
500 

VOL Low-level output voltage 
TA = 25°C 

~Sink) = 10 mA, V+,,;4.6V, 
750 

A=25°C 

V+:>4.6V, 10=1 mA, 
3.6 3.9 

VOH High-level output voltage 
TA=25°C 

V+ ';;4.S V, 10=10mA, 
3.4 3.7 

TA=25°C 

I Positive supply current 10.S 
100 1 Negative supply current 

TA = full range 
-l.S -1.3 

VIL 
Low-level input voltage 
(LATCH ENABLE) 

VIH 
High-level input voltage 

2 (LATCH ENABLE) 

Low-level input current VLE=O 0 
IlL (LATCH ENABLE) VLE=2V 24 

t Full range for the TL311SC IS TA = O°C to 70°C. Full range for the TL31161 IS TA = -40°C to S5°C. 
:I: All typical values are measures with TA = 25°C. 
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TL30161 

TYP*MAX 
UNIT 

MAX MIN 

.3 0.5 3 
mV 

3.5 3.5 

-4.5 o,JVloC 

0.6 0.1 0.6 

0.9 1.3 
IJ.A 

7.5 O.S 7.5 

S 10 
IJ.A 

3.5 -3.75 3.5 
V 

3.5 1.25 3.5 

SO 97 dB 

60 72 

dB 

SO 100 

SOO 500 SOO 

mV 

750 

3.6 3.9 

V 

3.4 3.7 

12.5 10.S 12.5 
mA 

-2.4 -1.3 

0.8 O.S V 

2 V 

1 0 1 

39 24 45 
IJ.A 
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PRECISION COMPARATORS 
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switching characteristics, Voo = ±5 V, VLE = 0 (unless otherwise noted) 

TL3016C TL30161 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

tNI = 100mV, 
VOD=5mV, 7.8 9.9 7.8 10.9 

tpdl Propagation delay timet 
TA = 25°C 

ns 
L1VI = 100 mV, 
VOD=20 mV, 7.6 9.7 7.6 10.7 
TA = 25°C 

L1VI = 100 mV, 
tsk(p) Pulse skew (Itpd+ - tpd-I) Voo=5mV, 

TA = 25°C 
0.5 0.5 ns 

tsu Setup time, LATCH ENABLE 2.5 2.5 ns 

t cannot be measured in automatic handlin e ui ment with low values of overdrive. The TL3116 is 100% tested with a 1-V ste pd1 g q P P and500-mV 
overdrive alTA = 25°C only. Correlation tests have shown thattpdl limits given can be ensured with this test, if additional dc tests are performed 
to ensure that all internal bias conditions are correct. For low overdrive conditions, VOS is added to the overdrive. 

ICC 

ICC 

tpd 

VIC 

Vo 

II 

TYPICAL CHARACTERISTICS 

Table of Graphs 

vs Input voltage 

Positive supply current vs Frequency 

vs Free-air temperature 

Negative supply current vs Free-air temperature 

vs Overdrive voltage 

vs Supply voltage 

Propagation delay time vs Input impedance 

vs Load capacitance 

vs Free-air temperature 

Common-mode input voltage vs Free-air temperature 

Threshold voltage (Latch) vs Free-air temperature 

vs Output source current 
Output voltage 

vs Output sink current 

Input current (LATCH ENABLE) vs I nput voltage 
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TL3016, TL3016Y 
ULTRA-FAST LOW-POWER 
PRECISION COMPARATORS 
SLCS130-MARCH 1997 

TYPICAL CHARACTERISTICS 
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vs 
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PRECISION COMPARATORS 
SLCS130-MARCH 1997 

PROPAGATION DELAY TIME 
vs 

SUPPLY VOLTAGE 
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Figure 6 
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vs 

INPUT IMPEDANCE 
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Figure 7 

PROPAGATION DELAY TIME 
vs 
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TL3016, TL3016V 
ULTRA-FAST LOW-POWER 
PRECISION COMPARATORS 
SLCS130- MARCH 1997 

TYPICAL CHARACTERISTICS 
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Figure 11 
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TYPICAL CHARACTERISTICS 
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• Ultra-Fast Operation 10 ns (TYP) 

• Low Positive Supply Current 
12.7 mA (Typ) 

• Operates From a Single 5-V Supply or From 
a Split ±5-V Supply 

• Complementary Outputs 
• Input Common-Mode Voltage Includes 

Negative Rail 

• Low Offset Voltage 

• No Minimum Slew Rate Requirement 

• Output Latch Capability 

• Functional Replacementto the LT1116 

description 

The TL3116 is an ultra-fast comparator designed 
to interface directly to TTL logic while operating 
from either a single 5-V power supply or dual 
±5-V supplies. The input common-mode voltage 
extends to the negative rail for ground sensing 
applications. It features extremely tight offset 
voltage and high gain for precision applications. It 
has complementary outputs that can be latched 
using the LATCH ENABLE terminal. Figure 1 
shows the positive supply current of the 
comparator. The TL3116 only requires 12.7 mA 
(typical) to achieve a propagation delay of 10 ns. 

The TL3116 is a pin-for-pin functional replace
ment for the LT1116 comparator, offering 
high-speed operation but consuming much less 
power. 

AVAILABLE OPTIONS 

PACKAGED DEVICES 
CHIP 

TA SMALL TSSOP FORM+ 
, OUTLINEt (PW) (V) 

(D) 

O°C to 70°C TL3116CD TL3116CPWLE TL3116Y 

-40°C to 85°C TL31161D TL31161PWLE -
t The PW packages are avaJiable left-ended taped and reeled only. 
:I: Chip forms are tested at TA = 25°C only. 

TL3116, TL3116Y 
ULTRA-FAST LOW-POWER 

PRECISION COMPARATORS 

D AND PW PACKAGE 
{TOP VIEW) 

VCC+u8 QOUT 
IN+ 2 7 QOUT 
IN- 3 6 GND 

VCe- 4 5 LATCH ENABLE 

symbol (each comparator) 

15 

14 

~ 13 
I 

C 12 
~ :s 
CJ 11 
>-
is. 
g. 10 

UI 

~ 9 

III 8 a.. 
I 

~ 7 

6 

5 

IN+~~OUT 
IN_~QOUT 

~ 

POSITIVE SUPPLY CURRENT 
va 

FREE-AIR TEMPERATURE 

./ V 
~ 

I' 

..-

-'" 

-50 -25 o 25 50 75 100 125 

TA - Free-Air Temperature - °C 

Figure 1 
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TL3116, TL3116V 
ULTRA-FAST LOW-POWER 
PRECISION COMPARATORS 
SLCSl32- MARCH 1997 

TL3116Y chip information 

This chip, when properly assembled, displays characteristics similar to the TL3116C. 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. 

------ --------- ------
-- -
------- ---------- ---------

7-a4 

BONDING PAD ASSIGNMENTS 

(5) 
LATCH ENABLE 

VCC+ 
(1) 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 
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IN+ 

IN-

(4) I 
VCC- (6) 

GND 

ClOUT 

QOUT 

CHIP THICKNESS: 10 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJ max = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

TERMINALS 1 AND 6 CAN BE 
CONNECTED TO MULTIPLE PADS. 



TL3116, TL3116V 
ULTRA-FAST LOW-POWER 

PRECISION COMPARATORS 
SlCS132-MARCH 1997 

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

Supply voltage, Voo (see Note 1) ..................................................... -7 V to 7 V 
Output current, 10 ...................................................................... ± 20 mA 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A ........................................... -40°C to 85°C 
Storage temperature range, Tstg .................................................. - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 network ground. 
2. Differential vo~ages are at IN+ with respect to IN-. 

PACKAGE 

D 

PW 

DISSIPATION RATING TABLE 

TA",25°C 
POWER RATING 

725mW 

525mW 

DERATING FACTOR 
ABOVE TA = 25°C 

5.BmW/oC 

4.2mW/oC 
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TA = 70°C 
POWER RATING 

464mW 

336mW 

7-85 

z o 
~ 
:E 
a:: 
o 
LL 
Z 

W o 
Z 

~ 
C 
c( 



:t
O 

~ 
Z o 
m -Z 
-n o 
:D 
s:: 
~ -o z 

TL3116, TL3116Y 
ULTRA-FAST LOW-POWER 
PRECISION COMPARATORS 
SLCSI32-MARCH 1997 

electrical characteristics at specified operating free-air temperature, VDD = ±5 V, VLE = 0 (unless· 
otherwise noted) 

TEST CONDITIONst 
TL3116C 

PARAMETER 
TYP* MIN 

TA=25°C 0.5 
VIO Input offset voltage 

TA = full range 

aVIO 
Temperature coefficient 

-2.5 
of input offset voltage 

TA = 25°C 0.1 
110 Input offset current 

TA = full range 

TA=25°C 0.7 
liB Input bias current 

TA = full range 

Common-mode input VOO=±5V -5 
VICR voltage range VOO=5V 0 

CMRR 
Common-mode rejection 

- 5 ~ VIC ~ 2.5 V 75 100 ratio 

Positive supply: 4.6 V ~ +VOO ~ 5.4 V, 
60 80 

kSVR 
Supply-voltage rejection TA=25°C 

ratio Negative supply: -7 V ~ -VOO ~ -2 V, 
TA=25°C 

80 100 

I(sink) = 4 mA, V+~4.6V, 
400 

VOL Low-!evel output voltage 
TA = 25°C 

I(sink) = 10 mA, V+~4.6V, 
750 

TA=25°C 

V+~4.6V, 10=1 mA, 
3.6 3.9 

VOH High-level output voltage 
TA = 25°C 

V+~4.6V, 10= 10mA, 
3.4 3.8 

TA = 25°C 

I Positive supply current 12.7 
ICC I Negative supply current 

TA = full range 
-2.6 

VIL 
Low-level input voltage 
(LATCH ENABLE) 

VIH 
High-level input voltage 

2 
(LATCH ENABLE) 

Low-level input current VLE=O 0 
IlL (LATCH ENABLE) VLE=2V 24 

Full ran e for the TL3116C is T g A = O°C to 70°C. Full ran eforthe TL31161 is T g A = -40°C to 85°C. 
:I: All typical values are measures w~h TA = 25°C. 
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TL31161 

TYP* 
UNIT 

MAX MIN MAX 

3 0.5 3 
mV 

3.5 3.5 

-2.8 flVPC 

0.2 0.1 0.2 

0.3 0.35 
flA 

1.1 0.7 1.1 

1.2 1.5 
flA 

2.5 -5 2.5 
V 

2.5 0 2.5 

75 100 dB 

60 80 

dB 

80 100 

600 400 600 

mV 

750 

3.6 3.9 

V 

3.4 3.8 

14.7 12.7 15 
mA 

-3 

0.8 0.8 V 

2 V 

1 0 1 flA 
39 24 45 flA 



TL3116, TL3116Y 
ULTRA-FAST LOW-POWER 

PRECISION COMPARATORS 
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switching characteristics, Voo = ±5 V, VLE = 0 
TL3116C TL31161 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

Ll.VI = 100mV, VOO=5mV, 9.9 13 9.9 14.4 
TA = 25°C 

tpdl Propagation delay timet ns 
Ll.VI = 100 mY, VOO=20mV, 

8.2 12.3 8.2 12.7 
TA=25°C 

tsk(p) Pulse skew (Itpd+ - tpel-I) 
Ll.VI = 100mV, VOO=5mV, 

0.5 0.5 ps 
TA = 25°C 

tsu Setup time, LATCH ENABLE 3.4 3.4 ns 

t cannot be measured in automatic handlin e ui ment with low values of overdrive. The TL3116 is 100% tested with a l-V ste pdl g q P P and500-mV 
overdrive at TA = 25°C only. Correlation tests have shown that tpdl limits given can be ensured with this test, if additional dc tests are perlormed 
to ensure that all internal bias conditions are correct. For low overdrive conditions, VOS is added to the overdrive. 

ICC 

ICC 

tpd 

VIC 

VIT 

Vo 

II 

TYPICAL CHARACTERISTICS 

Table of Graphs 

vs Input voltage 

Positive supply current vs Frequency 

vs Free-air temperature 

Negative supply current vs Free-air temperature 

vs Overdrive voltage 

vs Supply voltage 

Propagation delay time vs Input impedance 

vs Load capacitance 

vs Free-air temperature 

Common-mode input voltage vs Free-air temperature 

Input threshold voltage (Latch) vs Free-air temperature 

vs Output source current 
Output voltage 

vs Output sink current 

Input current (LATCH ENABLE) vs I nput voltage 
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TL3116, TL3116Y 
ULTRA-FAST LOW-POWER 
PRECISION COMPARATORS 
SLCS132-MARCH 1997 

TYPICAL CHARACTERISTICS 
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TLC139, TLC339,TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

• Very Low Power .•. 200 !iW Typ at 5 V 

• Fast Response Time ... 2.5 !is Typ With 
5-mV Overdrive 

• Single Supply Operation: 
TLC139M ••• 4 V to 16 V 
TLC339M ••. 4 V to 16 V 
TLC339C ••. 3 V to 16 V 
TLC3391 ••• 3 V to 16 V 

• High Input Impedance ••• 1012 Q Typ 

• Input Offset Voltage Change at Worst Case 
Input at Condition Typically 0.23 !iV/Month 
Including the First 30 Days 

• On-Chip ESD Protection 

description 

The TLC139fTLC339 consists of four 
independent differential-voltage comparators 
designed to operate from a single supply. It is 
functionally similar to the LM 139/LM339 family but 
uses 1/20th the power for similar response times. 
The open-drain MOS output stage interfaces to a 
variety of leads and supplies, as well as wired 
logic functions. For a similar device with a 
push-pull output configuration, see the TLC3704 
data sheet. 

The Texas Instruments LinCMOSTM process offers 
superior analog performance to standard CMOS 
processes. Along with the standard CMOS 
advantages of low power without sacrificing 
speed, high input impedance, and low bias 
currents, the LinCMOSTM process offers 
extremely stable input offset voltages, even with 
differential input stresses of several volts. This 
characteristic makes it possible to build reliable 
CMOS comparators. 

0, J OR N PACKAGE 
(TOP VIEW) 

10UT 1 30UT 
20UT 40UT 

VDD GND 
21N- 41N+ 

41N-

FKPACKAGE 
(TOP VIEW) 

1-1- 1-1-
=>=>o=>=> 
~~z~~ 

VDD 
3 2 1 2019 

GND 4 18 
NC 5 17 NC 

21N- 6 16 41N+ 
NC 7 15 NC 

21N+ 8 14 41N-
9 10 11 12 13 

I +0 I + 
zzzzz 
-- MM 

NC - No internal connection 

symbol (each comparator) 

IN+:t>- OUT 
IN-

AVAILABLE OPTIONS 

PACKAGE 

TA 
Vlomax 

SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTICOIP AT 25°C 
(0) (FK) (J) (N) 

0°Ct070°C 5mV TLC339CD - - TLC339CN 

-40°C to 85°C 5mV TLC3391D - - TLC339IN 

-40°C to 125°C 5mV TLC3390D - - TLC3390N 

-55°C to 125°C 5mV TLC339MD TLC139MFK TLC139MJ TLC339MN 

The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLC339CDR). 

LinCMOS is a trademark of Texas Instruments Incorporated. 
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TLC139,TLC339, TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCS119 - DECEMBER 1986 - REVISED JANUARY 1991 

description (continued) 

The TLC139M and TLC339M are characterized for operation over the full military temperature range of -55°C 
to 125°C. The TLC339C is characterized for operation over the commercial temperature range of O°C to 70°C. 
The TLC3391 is characterized for operation over the industrial temperature range of -40°C to 85°C. The 
TLC339Q is characterized for operation over the extended industrial temperature range of -40°C to 125°C. 

output schematic 

OPEN-DRAIN CMOS OUTPUT 

Output 

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

Supply voltage range, Voo (see Note 1) ............................................. -0.3 V to 18 V 
Differential input voltage, VIO (see Note 2) .................................................. ±18 V 
Input voltage range, VI ............................................................. -0.3 V to Voo 
Output voltage range, Vo .......................................................... -0.3 V to Voo 
Input current, II ......................................................................... ±5 mA 
Output current, 10 (each output) ........................................................... 20 mA 
Total supply current into Voo .............................................................. 40 mA 
Total current out of GND .................................................................. 60 mA 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: TLC139M ................................. -55°C to 125°C 

TLC339C ..................................... O°C to 70°C 
TLC3391 ................................... -40°C to 85°C 
TLC339M ................................. -55°C to 125°C 
TLC339Q ................................. -40°C to 125°C 

Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package ...................................... ;....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package .......... ~ . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J 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 network ground. 
2. Differential voltages are at IN+ with respect to IN -. 

PACKAGE 
TA~25°C 

POWER RATING 

D 950mW 
FK 1375mW 
J 1375mW 
N 1150mW 

7-94 

DISSIPATION RATING TABLE 

DERATING FACTOR TA=70°C 
ABOVE TA = 25°C POWER RATING 

7.SmW/oC S08mW 
11.0 mWfOC 880mW 
11.0mW/oC 880mW 
9.2 mW/oC 73SmW 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAs 75265 

TA=85°C 
POWER RATING 

494mW 
715mW 
715mW 
598mW 

TA = 125°C 
POWER RATING 

190mW 
275mW 
275mW 
230mW 



TLC139, TLC339,TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCS119 - DECEMBER 1986 - REVISED JANUARY 1991 

recommended operating conditions 
TLC139M,TLC339M 

UNIT 
MIN NOM MAX 

Supply voltage, VOO 4 5 16 V 

Common-mode input voltage, VIC 0 Voo-l.5 V 

Low-level output current, 10L 20 mA 

Operating free-air temperature, TA -55 125 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONDtnONSt TA 
TLC139M,TLC339M 

UNIT MIN TVP MAX 
25°C 1.4 5 

VIO Input offset voltage 
VIC = VICRmin, VOO= 5 Vto 10 V, 

-55°C to mV See Note 3 10 
125°C 

25°C 1 pA 
110 Input offset current VIC=2.5V 

125°C 15 nA 

25°C 5 pA 
liB Input bias current VIC=2.5V 

125°C 30 nA 

25°C 
Oto 

VICR 
Common-mode input VOO-l 

V 
voltage range -55°C to Oto 

125°C VOO-l.5 

25°C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 125°C 84 dB 

-55°C 84! 

25°C 85 

kSVR Supply-voltage rejection ratio VOO=5Vtol0V 125°C 84 dB 

-55°C 84 

25°C 300 400 
VOL Low-level output voltage VIO=-1 V, IOL=6mA mV 

125°C 800 

25°C 0.8 40 nA 
10H High-level output current VID=-1 V, VO=5V 

125°C 1 IlA 
25°C 44 80 

100 
Supply current (four 

Outputs low, No load -55°C to IlA comparators) 
125°C 

175 

. . t All characteristics are measured with zero common-mode voltage unless otherwise noted . 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V with a 2.5-kn load to 

VOO· 
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TLC139,TLC339,TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCSl19 ~ DECEMBER 1986 - REVISED JANUARY 1991 

recommended operating conditions 

TLC339C 
MIN NOM MAX UNIT 

Supply voltage, VOO 3 5 16 V 

Common-mode input voltage, VIC -0.2 VOO-l.5 V 

Low-level output current, 10L 8 20 rnA 

Operating free-air temperature,TA 0 70 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt TA MIN 
TLC339C 

TYP MAX UNIT 

VIC = VICRmin, VOO=5Vtol0V, 25°C 1.4 5 
VIO Input offset voltage mV 

See Note 3 O°C to 70°C 6.5 

25°C 1 pA 
110 Input offset current VIC=2.5V 

70°C 0.3 nA 

25°C 5 pA 
lIB Input bias current VIC=2.5V 

70°C 0.6 nA 

25°C 
Oto 

VICR 
Common-mode inpLit VOO-l 

V 
voltage range Oto 

O°C to 70°C 
VOO-l.5 

25°C 84 

CMRR 
Common-mode rejection 

VIC = VICRmin 70°C 84 dB 
ratio 

O°C 84 

25°C 85 

kSVR 
Supply-voltage rejection 

VOO = 5 Vto 10 V 70°C 85 dB 
ratio 

O°C 85 

25°C 300 400 
VOL Low-level output voltage VIO=-l V, IOL=6mA mV 

70°C 650 

25°C 0.8 40 nA 
10H High-level output current VIO=-l V, VO=5V 

70°C 1 IlA 
Supply current (four 25°C 44 80 

100 comparators) 
Outputs low, No load IlA 

O°C to 70°C 100 

tAli charactenstlcs are measured WIth zero common-mode voltage unless otherwise noted. 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V with a 2.5-kilload to 

VOO· 
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TLC139,TLC339,TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCS119 - DECEMBER 1986 - REVISED JANUARY 1991 

recommended operating conditions 
TLC3391 

MIN NOM MAX 
UNIT 

Supply vo~age, VOO 3 5 16 V 

Common-mode input voltage, VIC -0.2 VOO-1.5 V 

Low-level output current, 10L 8 20 mA 

Operating free-air temperature,TA 0 70 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt TA 
TLC3391 

MIN TYP MAX 
UNIT 

VIC = VICRmin, VOO=5Vt010V, 25°C 1.4 5 
VIO Input offset voltage mV 

See Note 3 -40°C to 85°C 7 

25°C 1 pA 
110 Input offset current VIC=2.5V 

85°C 1 nA 

25°C 5 pA 
liB Input bias current VIC=2.5V 

85°C 2 nA 

25°C 
Oto 

VICR 
Common-mode input VOO-1 

V 
voltage range Oto 

-40°C to 85°C 
VOO-1.5 

25°C 84 

CMRR Common-mode rejection 
VIC = VICRmin 85°C 84 dB 

ratio 
-40°C 84 

25°C 85 

ksVR 
Supply-voltage rejection 

VOO =5 Vto 10V 85°C 85 dB 
ratio 

-40°C 84 

25°C 300 400 
VOL Low-level output voltage VID=-1 V, IOL=6mA mV 

85°C 700 

25°C 0.8 40 nA 
10H High-level output current VID=-1 V, VO=5V 

85°C 1 IlA 
Supply current (four 25°C 44 80 

IOD comparators) Outputs low, No load IlA 
_40°C to 85°C 125 

. . t All characteristics are measured With zero common-mode voltage unless otherwise noted . 
NOTE 3: The offset voltage limits given are the maximum values required to drive the, output up to 4.5 V or down to 0.3 V with a 2.5-kQ load to 

VOO· 
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TLC139, TLC339, TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCS119 - DECEMBER 1986 - REVISED JANUARY 1991 

recommended operating conditions 

TLC339Q 

MIN NOM MAX 
UNIT 

Supply voltage, VDO 4 5 16 V 

Common-mode input voltage, VIC 0 VOD-l.5 V 

Low-level output current, 10L 20 rnA 

Operating free-air temperature,TA -40 125 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt TA 
TLC339Q 

MIN TYP MAX 
UNIT 

VIC = VICRmin, VOO=5Vtol0V, 25°C 1.4 5 
VIO Input offset voltage mV 

See Note 3 -40°C to 125°C 10 

25°C 1 pA 
110 Input offset current VIC=2.5V 

125°C 15 nA 

25°C 5 pA 
liB Input bias current VIC=2.5V 

125°C 30 nA 

25°C 
Oto 

VICR 
Common-mode input VOO-l 

V 
voltage range 

-40°C to 125°C 
Oto 

VOO-1.5 

25°C 84 

CMRR 
Common-mode rejection 

VIC = VICRmin 125°C 84 dB 
ratio 

-40°C 84 

25°C 85 

kSVR 
Supply-voltage rejection 

VOD = 5 V to 10 V 125°C 84 dB 
ratio 

-40°C 84 

25°C 300 400 
VOL Low-level output voltage VIO =-1 V, IOL=6mA mV 

125°C 800 

25°C 0.8 40 nA 
10H High-level output current VIO =-1 V, VO=5V 

125°C 1 I1A 
Supply current (four 25°C 44 80 

IDO comparators) Outputs low, No load I1A 
-40°C to 125°C 125 

. . t All characteristics are measured with zero common-mode voltage unless otherwise noted . 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V with a 2.5-kQ load to 

VOO· 
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TLC139,TLC339,TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCSl19 - DECEMBER 1986 - REVISED JANUARY 1991 

switching characteristics, Voo = 5 V, TA = 25°C (see Figure 3) 
TLC139M, TLC339C 

PARAMETER TEST CONDITIONS 
TLC3391, TLC339M 

UNIT TLC339Q 

MIN TYP MAX 

Overdrive = 2 mV 4.5 

Overdrive = 5 mV 2.5 
f= 10 kHz, 

Overdrive = 10 mV 1.7 
tpLH Propagation delay time, low-to-high output CL= 15 pF liS 

Overdrive = 20 mV 1.2 

Overdrive = 40 mV 1.0 

VI = 1.4 V step at IN+ 1.1 

Overdrive = 2 mV 3.6 

Overdrive = 5 mV 2.1 
f=10kHz, Overdrive = 10 mV 1.3 

tpHL Propagation delay lime, high-Io-Iow level output CL= 15 pF liS 
Overdrive = 20 mV 0.85 

Overdrive = 40 mV 0.55 

VI = 1.4 V step at IN+ 0.10 

trHL Transition time, high-to-Iow level output 
f= 10kHz, 
CL= 15pF 

Overdrive = 50 mV 20 ns 

PARAMETER MEASUREMENT INFORMATION 

The TLC139 and TLC339 contain a digital output stage that, if held in the linear region of the transfer curve, can cause 
damage to the device. Conventional operational amplifier/comparator testing incorporates the use of a servo-loop 
that is designed to force the device output to a level within this linear region. Since the servo-loop method of testing 
cannot be used, the following alternatives for testing parameters such as input offset voltage, common-mode 
rejection, etc., are suggested. 

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 1 (a). With the non inverting input positive with respect to the inverting input, the output should be high. With 
the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages can 
be slewed as shown in Figure 1 (b) for the VieR test, rather than changing the input voltages, to provide greater 
accuracy. 

t 
AppliedVIO 

Limit 

5V 

(a) VIO WITH VIC = 0 V 

5.1 kg 

t 
AppliedVIO 

Limit 

1 

1V 

5.1 kQ 

(b) VIO WITH VIC = 4 V 

Figure 1. Method for Verifying That Input Offset Voltage Is Within Specified Limits 
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TLC139,TLC339,TLC339Q . 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCS119 - DECEMBER 1986 - REVISED JANUARY 1991 

PARAMETER MEASUREMENT INFORMATION 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal but 
opposite in polarity to the input offset voltage, the output changes state. 

Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator into the linear region. The circuit consists of a switching mode servo loop in which U1A generates a 
triangular waveform of approximately 20-mV amplitude. U1 B acts as a buffer, with C2 and R4 removing any residual 
dc offset. The signal is then applied to the inverting input of the comparator under test, while the noninverting input 
is driven by the output of the integrator formed by U1 C through the voltage divider formed by R9 and R10. The loop 
reaches a stable operating point when the output of the comparator under test has a duty cycle of exactly 50%, which 
can only occur when the incoming triangle wave is sliced symmetrically or when the voltage at the noninverting input 
exactly equals the input offset voltage. 

Voltage divider R9 and R10 provides a step-up of the input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the reading; therefore, it is 
suggested that their tolerance level be 1 % or lower. 

C1 
0.111F 

U1S 
1/4 TLC274CN 

U1A 
1/4 TLC274CN 

R2 
R3 10kQ 

1ookO 

Triangle 
Generator 

Voo R5 
1.S kQ, 1% 

R3 
5.1 kQ 

R7 
1 MQ 

RS 
1.SkO,1% 

R9 
R10 10 kQ, 1% 
100 Q, 1% 

C30.6S11F 

U1C 
1/4 TLC274CN 

>---e-..-- VIO 

Integrator 
C4 T 0.111F 

(X100) 

Figure 2. Circuit for Input Offset Voltage Measurement 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current and 
compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board leakage 
can be measured with no device in the socket. Subsequently, this open socket leakage value can be subtracted from 
the measurement obtained, with a device in the socket to obtain the actual input current of the device. 
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TLC139,TLC339,TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCSl19 - DECEMBER 1986 - REVISED JANUARY 1991 

PARAMETER MEASUREMENT INFORMATION 

Propagation delay time is defined as the interval between the application of an input step function and the instant when 
the output reaches 50% of its maximum value. Propagation delay time, low-to-high-Ievel output, is measured from 
the leading edge of the input pulse, while propagation delay time, high-to-Iow-Ievel output, is measured from the 
trailing edge of the input pulse. Propagation delay time measurement at low input signal levels can be greatly affected 
by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting input as shown 
in Figure 3, so that the circuit is just at the transition point. Then a low Signal, for example 1 05-mV or 5-mV overdrive, 
causes the output to change state. 

Input Offset Voltage 
Compensation Adjustment 

1V-----, 

-1 V-----' 

voo 

TEST CIRCUIT 

Overdrive 

tr-----* Input 100 mV Input 

Low-to-Hlgh-Level 
. Output 

I ----j 
I 

: 50o/j 
I I 
I I 
I I 
~tpLH 

High-to-Low-Level 
Output 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

Figure 3. Propagation Delay, Rise, and Fall Times Test Circuit and Voltage Waveforms 
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VOL 

100 

tpLH 

tpHL 

tf 

7-102 

TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage Distribution 

Input bias current vs Free-air temperature 

Common-mode rejection ratio vs Free-air temperature 

Supply-voltage rejection ratio vs Free-air temperature 

High-level output current 
vs High-level output voltage 
vs Free-air temperature 

LOW-level output voltage 
vs LOW-level output current 
vs Free-air temperature 

Supply current 
vs Supply voltage 
vs Free-air temperature 

Low-to-high level output propagation delay time vs Supply voltage 

Low-to-high level output propagation delay time vs Supply voltage 

Overdrive voltage 

Output fall time 

Overdrive voltage 

vs Low-to-high-Ievel output propagation delay time 

vs Supply voltage 

vs High-to-Iow-Ievel output propagation delay time 
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TLC139, TLC339, TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCSl19 - DECEMBER 1986 - REVISED JANUARY 1991 

TYPICAL CHARACTERISTICSt 
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SUPPLY-VOLTAGE REJECTION RATIO 
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Figure 7 

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 
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Figure 11 

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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TLC139,TLC339,TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCSl19 - DECEMBER 1986 - REVISED JANUARY 1991 

TYPICAL CHARACTERISTICSt 
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Figure 15 

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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TLC139, TLC339, TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCS119 - DECEMBER 1986 - REVISED JANUARY 1991 

TYPICAL CHARACTERISTICS 
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tpLH - Low-to-High-Level Voo - Supply Voltage - V 
Output Propagation Oelay Time - ~s 

Figure 16 
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TLC139,TLC339, TLC339Q 
LinCMOSTM MICROPOWER QUAD COMPARATORS 

SLCS119 - DECEMBER 1986 - REVISED JANUARY 1991 

APPLICATION INFORMATION 

The inputs should always remain within the supply rails in order to avoid forward biasing the diodes in the electrostatic 
discharge (ESO) protection structure. If either input exceeds this range, the device is not damaged as long as the 
input current is limited to less than 5 mAo To maintain the expected output state, the inputs must remain within the 
common-mode range. For example, at 25°C with VDD = 5 V, both inputs must remain between -0.2 V and 4 V to 
assure proper device operation. To assure reliable operation, the supply should be decoupled with a capacitor (0.1 
f.1F) positioned as close to the device as possible. 

The output and supply currents require close observation since the TLC139rrLC339 does not provide current 
protection. For example, each output can source or sink a maximum of 20 mA; however, the total current to ground 
has an absolute maximum of 60 mAo This prohibits sinking 20 mA from each of the four outputs simultaneously since 
the total current to ground would be 80 mA. 

The TLC139 and TLC339 have internal ESO-protection circuits that prevent functional failures at voltages up to 
2000 V as tested under MIL-STO-883C, Method 3015.2; however, exercise care when handling these devices as 
exposure to ESO may result in the degradation of the device parametric performance. 

5V ---.JIM-..... --I 
10 k!l 

Table of Applications 

Pulse-width-modulated motor speed controller 

Enhanced supply supervisor 

Two-phase nonoverlapping clock generator 

12V 

10 k!l 

10 k!l 

5V 

5.1 k!l 

100 k!l 

(see ~ote A) ~ 
5.1 k!l 

C1I 
O.OlIlF 

(see Note B) -=-

-=-

1/4 
TLC139/339 

-=-
Motor Speed Control 
Potentiometer 

5V 

'----...... < 10 k!l 

-=-
5V 

6 
Direction 
Control 

-=-

FIGURE 

19 

20 

21 

12 V 

SN75603 

EN 

Half-H Driver 

12 V Motor 

SN75604 

Half-H Driver 

-=-

Sl 
SPOT 

NOTES: A. The recommended minimum capacitance is 10 IlF to eliminate common ground switching noise. 
B. Select C1 for change in oscillator frequency. 

Figure 19. Pulse-Width-Modulated Motor Speed Controller 
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TYPICAL APPLICATION DATA 

SV SV 

12V 10kQ 
VCC SENSE 

S.l kQ 
>~t------l RESIN TL770SA RESETf-----4t--- To I1P 

Reset 

R2 

NOTES:A. VUNREG = 2.5 (Rl :2 R2) . 

S.l kQ 
>---+_ To I1P Interrupt 

1/4 Early Power Fail 

TLC139ITLC339 

B. The value of Ct determines the time delay of reset 

GND 

(see Note B) 

Monitors S-V Rail 
MOnitors 12-V Rail 
Early Power Fail Warning 

Figure 20. Enhanced Supply Supervisor 

12V 

S.l kQ 

100kQ 

22kQ 

100kQ 100kQ 

12V 

Cl TO.Ol I1F 
_ (see Note A) 

12V 

Rl 
100kQ 
(see Note B) 

R3 
SkQ 
(see Note C) 

R3 
100kQ 
(see Note B) 

NOTES: A. Select Cl for a change in oscillator frequency where: 
111 = 1.85 (100 kQ)Cl 

B. Select Rl and R3 to change duty cycle 
C. Select R2 to change deadtime 

12V 

S.l kQ 

Output 1 

1/4 TLC1391TLC339 

12V 

Output 1 

S.l kQ 

>----4_- Output 2 

1/4 TLC1391TLC339 

~ 
I I 
I I 
I I 
I I 

Output 2 

Figure 21. Two-Phase Nonoverlapping Clock Generator 
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TLC352 
LinCMOSTM DUAL DIFFERENTIAL COMPARATOR 

• Single- or Dual-Supply Operation 
• Wide Range of Supply Voltages 

1.5 V to 18 V 

• Very Low Supply Current Drain 
150 ~A TYP at5 V 
65 ~ TYP at 1.4 V 

• Built-In ESD Protection 
• High Input Impedance .•• 1012 n Typ 
• Extremely Low Input Bias Current 5 pA Typ 
• Ultrastable Low Input Offset Voltage 
• Input Offset Voltage Change at Worst-Case 

Input Conditions Typically 0.23 ~V1 Month, 
Including the First 30 Days 

• Common-Mode Input Voltage Range 
Includes Ground 

• Outputs Compatible With TTL, MOS, and 
CMOS 

• Pin-Compatible With LM393 

description 

This device is fabricated using LinCMOSTM 
technology and consists of two independent 
voltage comparators, each designed to operate 
from a single power supply. Operation from dual 
supplies is also possible if the difference between 
the two supplies is 1.4 V to 18 V. Each device 
features extremely high input impedance 
(typically greater than 1012 n), which allows direct 
interface to high-impedance sources. The output 
are n-channel open-drain configurations and can 
be connected to achieve positive-logic wired-AND 
relationships. The capability of the TLC352 to 
operate from 1.4-V supply makes this device ideal 
for low-voltage battery applications. 

SLCS016 - SEPTEMBER 1985 - REVISED OCTOBER 1990 

TLC352C, TLC3521 ... 0 OR P PACKAGE 
TLC352M ... JG PACKAGE 

(TOP VIEW} 

10UTD8 VDD 
11N- 2 7 20UT 
11N+ 3 6 21N-
GND 4 5 21N+ 

TLC352M ... FK PACKAGE 
(TOP VIEW} 

I-

05080 
z~z>z 

NC 
3 2 1 2019 

NC 4 18 
11N- 5 17 20UT 

NC 6 16 NC 

11N+ 7 15 21N-

NC 8 14 NC 
9 1011 1213 

NC - No Internal connection 

symbol (each comparator) 

IN+:t>- OUT 
IN-

The TLC352 has internal electrostatic discharge (ESD) protection circuits and has been classified with a 2000-V 
ESD rating tested under MIL-STD-883C, Method 3015. However, care should be exercised in handling this 
device as exposure to ESD may result in degradation of the device parametric performance. 

The TLC352C is characterized for operation from O°C to 70°C. The TLC3521 is characterized for operation over 
the industrial temperature range of - 40°C to 85°C. The TLC352M is characterized for operation over the full 
military temperature range - 55°C to 125°C. 

LinCMOS is a trademark of Texas Instruments Incorporated. 
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TLC352 
LinCMOSTM DUAL DIFFERENTIAL COMPARATOR 

SLCS016 - SEPTEMBER 1985 - REVISED OCTOBER 1990 

AVAILABLE OPTIONS 

PACKAGE 

TA 
Vlomax 

SMALL·OUTLINE CHIP·CARRIER CERAMICOIP PLASTlCOIP AT 25°C 
(0) (FK) (JG) (P) 

O°C 10 70°C 5mV TLC352CO - - TLC352CP 

- 40°C to 85°C 5mV TLC35210 - - TLC3521P 

- 55°C to 125°C 5mV - TLC352MFK TLC352MJG -
The 0 packages are available taped and reeled. Add R suffix 10 device type (e.g., TLC352 CDR). 

equivalent schematic (each comparator) 

Common to All Channels 
r:----------, 

VOOilr---1t;=~==~~~~~~~~======~==~~~----r--r~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

GNO~Il----lLL--~--l-~---J~~~tt~==tt~lt========~~--JL--1--J~~ 

7-110 
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TLC352 
LinCMOSTM DUAL DIFFERENTIAL COMPARATOR 

SLCS016 - SEPTEMBER 1985 - REVISED OCTOBER 1990 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage, Voo (see Note 1) ........................................................... 18 V 
Differential input voltage, VIO (see Note 2) .................................................. ± 18 V 
Input voltage, VI .......................................................................... Voo 
Input voltage range, VI ............................................................ - 0.3 V to 18 V 
Output voltage, Vo ........................................................................ 18 V 
Input current, II ......................................................................... ± 5 rnA 
Output current, 10 ........................................................................ 20 rnA 
Duration of output short circuit to ground (see Note 3) ..................................... unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A TLC352C ..................................... O°C to 70°C 

TLC3521 ................................... - 40°C to 85°C 
TLC352M ................................. - 55°C to 125°C 

Storage temperature range ....................................................... - 65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°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 network ground. 
2. Differential voltages are at IN+ with respect to IN -. 
3. Short circuits from outputs to VDD can cause excessive heating and eventual device destruction. 

PACKAGE 
TA,,25°C 

POWER RATING 

0 500mW 
FK 500mW 
JG 500mW 
p 500mW 

DISSIPATION RATING TABLE 

DERATING 
FACTOR 

5.8mW/oC 
11.0mW/oC 
8.4mW/oC 

N/A 

DERATE TA=70°C 
ABOVETA POWER RATING 

64°C 464mW 
104°C 500mW 
90°C 500mW 
N/A 500mW 

~TEXAS 
INSTRUMENTS 
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TA = 85°C 
POWER RATING 

377mW 
500mW 
500mW 
500mW 

TA = 125°C 
POWER RATING 

N/A 
275mW 
210mW 

N/A 

7-111 



r 
'" 

~ 
~2'" 
;~~. 
rn ~ti;I 
~~~ 
~l"l1rii 
~~ 
~(I) 

j 

recommended operating conditions 

TlC352C TlC3521 TlC352M 
UNIT 

MIN MAX MIN MAX MIN MAX 

Supply voltage, VOO 1.4 16 1.4 16 1.4 16 V 

IVOO=5V 0 3.5 0 3.5 0 3.5 
Common-mode input voltage, VIC I VOO= 10V 

V 
0 8.5 0 8.5 0 8.5 

Operatinn free-air temperature, TA 0 70 -40 85 -55 125 °C 

electrical characteristics at specified free-air temperature, VDD = 1.4 V (unless otherwise noted) 

TEST CONDITIONS TAT 
TlC352C TlC3521 TlC352M 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 2 5 2 5 2 5 
Via 111put offset voltage VIC = VICR min, See Note 4 mV 

Full range 6.5 7 10 

25°C 1 1 1 pA 
110 Input offset current 

MAX 0.3 1 10 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAX 0.6 2 20 nA 

VICR 
Common-mode input voltage 

Full range 
Oto Oto Oto 

V 
r.!nge 0.2 0.2 0.2 

25°C 100 200 100 200 100 200 
Val LOW-level output voltage mV 

Full range 200 200 200 

10l lOW-level output current VIO=-0.5 V, val = 0.3 V 25°C 1 1.6 1 1.6 1 1.6 rnA 

25°C 65 150 65 150 65 150 
100 Supply current (two comparators) VIO=0.5V, No load IJ.A 

Full range 200 200 200 

tAli charal:teristics are measured with zero common-mode input voltage unless otherwise noted. Full range is O°C to 70°C for TlC352C, - 40°C to 85°C for TlC3521, - 55°C to 125°C 
for TlC3:52M. IMPORTANT: See Parameter Measurement Information. 

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 1.25 V or below 150 mV with a 10-kO resistor between the output and VOO. They 
can be verified by applying the limit value to the input and checking for the appropriate output state. 
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electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

TAT 
TLC352C TLC3521 TLC352M 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 5 1 5 
VIO Input offset voltage VIC = VICR min, See Note 5 mV 

Full range 6.5 7 10 

25°C 1 1 1 pA 
110 Input offset current 

MAX 0.3 1 10 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAX 0.6 2 20 nA 

25°C 
Oto Oto Oto 

VICR 
Common-mode VOO-1 VOO-1 VOO-1 

V 
input voltage range Oto Oto Oto 

Full range 
VOO-1.5 VOO-1.5 VOO-1.5 

High-level output l VOH =5V 25°C 0.1 0.1 0.1 nA 
10H current 

VIO=1 V IVOH=15V Full range 1 1 1 !lA 
Low-level output 25°C 150 400 150 400 150 400 

VOL VIO= 1 V, IOL=4mA mV 
voltage Full range 700 700 700 

10L 
Low-level output 

VID=-1 V, VOL = 1.5 V 25°C 6 16 6 16 6 16 mA 
current 

Supply current 25°C 0.15 0.3 0.15 0.3 0.15 0.3 
100 (two comparators) VID = 1 V, No load mA 

Full range 0.4 0.4 0.4 

t All characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is O°C to 70°C for TLC352C, - 40°C to 85°C for TLC3521, - 55°C to 125°C 
for TLC352M. IMPORTANT: See Parameter Measurement Information. 

NOTE 5: The offset voltage lim~s given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-k.Q resistor between the output and VOO. They 
can be verified by applying the limit value to the input and checking for the appropriate output state. 

switching characteristics, VOO = 5 V, TA = 25°C 

TLC352C, TLC3521 

PARAMETER TEST CONDITIONS TLC352M UNIT 

MIN TYP MAX 

RL connected to 5 V through 5.1 k.Q" 1100-mV input step with 5-mV overdrive 650 
Response time 

CL = 15 pF+, I TTL-level input step 
ns 

See Note 6 200 

+ CL includes probe and jig capacitance. 
NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLC352 
LinCMOSTM DUAL DIFFERENTIAL COMPARATOR 

SLCS016 - SEPTEMBER 1985 - REVISED OCTOBER 1990 

PARAMETER MEASUREMENT INFORMATION 

The digital output stage of the TLC352 can be damaged if it is held in the linear region of the transfer curve. 
Conventional operational amplifier/comparator testing incorporates the use of a servo loop that is designed to force 
the device output to a level within this linear region. Since the servo-loop method of testing cannot be used, the 
following alternative for measuring parameters such as input offset voltage, common-mode rejection, etc., are 
offered. 

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 1 (a). With the noninverting input positive with respect to the inverting input, the output should be high. With 
the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages can 
be slewed as shown in Figure 1 (6) for the VieR test, rather than changing the input voltages, to provide greater 
accuracy. 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal but 
opposite in polarity to the input offset voltage, the output changes state. 
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5V 1V 

5.1 kQ 5.1 kn 

Vo Vo 

1 1 1 -4V 1 .,,- .,,- .,,- .,,- .,,- -::- .,,-

(a) VIO WITH VIC = 0 (b) VIO WITH VIC = 4 V 

Figure 1. Method for Verifying That Input Offset Voltage Is Within Specified Limits 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



TLC352 
LinCMOSTM DUAL DIFFERENTIAL COMPARATOR 

SLCS016 - SEPTEMBER 1985 - REVISED OCTOBER 1990 

PARAMETER INFORMATION 

Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator into the linear region. The circuit consists of a switching-mode servo loop in which U1a generates a 
triangular waveform of approximately 20-mV amplitude. U 1 b acts as a buffer, with C2 and R4 removing any residual 
dc offset. The signal is then applied to the inverting input of the comparator under test, while the non inverting input 
is driven by the output of the integrator formed by U1 c through the voltage divider formed by R9 and R1 O. The loop 
reaches a stable operating point when the output of the comparator under test has a duty cycle of exactly 50%, which 
can only occur when the incoming triangle wave is sliced symmetrically or when the voltage at the non inverting input 
exactly equals the input offset voltage. 

Voltage divider R9 and R10 provides a step up of the input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, RS, R9, and R10 can significantly influence the accuracy of the reading; therefore, it is 
suggested that their tolerance level be 1 % or lower. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current and 
compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board leakage 
can be measured with no device in the socket. Subsequently, this open-socket leakage value can be subtracted from 
the measurement obtained with a device in the socket to obtain the actual input current of the device. 

C1 
0.11lF 

Ulb 
1/4 TLC274CN 

Ula 
1/4 TLC274CN 

Triangle 
Generator 

R2 
10kQ 

VDD 

Rl0 
100 Q, 1% 

RS 
1.SkQ,1% 

R6 
S.l kQ 

RS 
1.S kQ, 1% 

R9 

R7 
1MQ 

10 kQ, 1% 

C30.6SIlF 

U1c 
1/4 TLC274CN 

C4 
T 0.11lF 

Figure 2. Circuit for Input Offset Voltage Measurement 
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TLC352 
LinCMOSTM DUAL DIFFERENTIAL COMPARATOR 

SLCS016 - SEPTEMBER 1985 - REVISED OCTOBER 1990 

PARAMETER MEASUREMENT INFORMATION 

Response time is defined as the interval between the application of an input step function and the instant when the 
output reaches 50% of its maximum value. Response time, low-to-high-Ievel output, is measured from the leading 
edge of the input pulse, while response time, high-to-Iow level output, is measured from the trailing edge of the input 
pulse. Response-time measurement at low input signal levels can be greatly affected by the input offset voltage. The 
offset voltage should be balanced by the adjustment at the inverting input (as shown in Figure 3) so that the circuit 
is just at the transition point. Then a low signal, for example 1 05-mV or 5-mV overdrive, causes the output to change 
state. 
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Pulse Generator 

son 

1 V ------, 
Input 

Offset Voltege 
Compensation 

10n 
10 Turn ~--"'M~ ....... ----' 

Adjustment -1 V ___ ..J 
1 lin 

T 0.1 mF 

TEST CIRCUIT 

Overdrive 

Voo 

5.1 lin 

CL 
(see Note A) 

l_-=--=p== 
Input l-=+====l ''Om f ____ +_o:tw 

100mV I f 

Low-ta-High
Level Output 

I 
I 

100mV 

-4ft:-- 90% 
I 

50% I 
, +--10% 

I I I 
I ~tr 

tpLH~ 

High-la-Low
Level Output 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and iig capacitance. 

I 

I 
I 
I 
I 
I 
14-14-~-tpHL 

Figure 3. Response, Rise, and Fall Times Circuit and Voltage Waveforms 
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TLC354 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS116B - SEPTEMBER 1985 - REVISED FEBRUARY 1997 

• Single- or Dual-Supply Operation 

• Wide Range of Supply Voltages 
1.4Vt018V 

• Very Low Supply Current Drain 
300 J.IA Typ at 5 V 
130 J.IA Typ at 1.4 V 

• Built-In ESD Protection 
• High Input Impedance ••. 1012 Q Typ 

• Extremely Low Input Bias Current 
5 pA TYP 

• Ultrastable Low Input Offset Voltage 

• Input Offset Voltage Change at Worst-Case 
Input Conditions Typically 0.23 ~V1Month, 
Including the First 30 Days 

• Common-Mode Input Voltage Range 
Includes Ground 

• Outputs Compatible With TTL, MOS, and 
CMOS 

• Pin-Compatible With LM339 

description 

D, N, OR PW PACKAGE 
(TOP VIEW) 

10UT 1 

symbol (each comparator) 

30UT 
40UT 
VDD_/GND 

41N+ 
41N-
31N+ 
31N-

IN+~ OUT 

IN-~ 

This device is fabricated using LinCMOSTM technology and consists of four independent differential voltage 
comparators; each is designed to operate from a single power supply. Operation from dual supplies is also 
possible if the difference between the two supplies is 1.4 V to 18 V. Each device features extremely high input 
impedance (typically greater than 1012 Q), which allows direct interface to high-impedance sources. The 
outputs are n-channel open-drain configurations and can be connected to achieve positive-logic wired-AND 
relationships. The. capability of the TLC354 to operate from a 1.4-V supply makes this device ideal for 
low-voltage battery applications. 

The TLC354 has internal electrostatic discharge (ESD) protection circuits and has been classified with a 2000-V 
ESD rating tested under MIL-STD-833C, Method 3015. However, care should be exercised in handling this 
device as exposure to ESD may result in degradation of the device parametric performance. 

The TLC354C is characterized for operation from O°C to 70°C. The TLC3541 is characterized for operation over 
the industrial temperature range of -40° to 85°C. The TLC354M is characterized for operation over the full 
military temperature range -55°C to 125°C. 

AVAILABLE OPTIONS 

PACKAGED DEVICES CHIP 

TA 
VIOmax 

SMALL OUTLINE PLASTIC DIP TSSOP FORM 
AT 25°C 

(D) (P) (PW) (Y) 

DOC to 7DoC ·5mV TLC354CD TLC354CN TLC354CPW TLC354Y 

-4DoC to 85°C 5mV TLC3541D TLC3541N - -
-55°C to 125°C 5mV TLC354Mb TLC354MN - -

The D packages are available taped and reeled. Add R suffiX to device type (e.g., TLC354CDR). 

LinCMOS is a trademark of Texas Instruments Incorporated. 
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Copyright © 1997. Texas Instruments Incorporated 
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TLC354 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS116B - SEPTEMBER 1985 - REVISED FEBRUARY 1997 

equivalent schematic {each comparator} 

Common to All Channels 

IN+ IN-

absolute maximum ratings over operating free-air temperature {unless otherwise noted}t 

Supply voltage, Voo (see Note 1) ........................................................... 18 V 
Differential input voltage, VIO (see Note 2) ......................................... , ......... ±18 V 
Input voltage, VI .......................................................................... Voo 
Input voltage range, VI .................................... , ........................ -0.3 V to 18 V 
Output voltage, Vo ........................................................................ 18V 
Input current, II ......................................................................... ±5 rnA 
Output current, 10 ..................................................... ,'.................. 20 rnA 
Duration of output short circuit to ground (see Note 3) ..................................... Unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: TLC354C ..................................... O°C to 70°C 

TLC354I ................................... -40°C to 85°C 
TLC354M ................................. -55°C to 125°C 

Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 network ground. 
2. Differential voltages are at IN+ with respect to IN-. 
3. Short circuits from outputs to VDD can cause excessive heating and eventual device destruction. 

PACKAGE TA,,25°C 
POWER RATING 

D 500mW 

N 500mW 

PW 700mW 
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DISSIPATION RATING TABLE 

DERATING DERATE TA = 70°C 
FACTOR ABOVETA POWER RATING 

7.6mW/oC 84°C ,500mW 

9,2mW/oC 96°C 500mW 

5.6 mW/oC 25°C 448mW 

~TEXAS ' 
INSTRUMENTS 
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TA=85°C 
POWER RATING 

494mW 

500mW 

N/A 

TA = 125°C 
POWER RATING 

190mW 

230mW 

N/A 



TLC354 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS116B - SEPTEMBER 1985 - REVISED FEBRUARY 1997 

TLC364Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLC354C. Thermal compression or 
ultrasonic bonding can be used on the doped-aluminum bonding pads. Chips can be mounted with conductive 
epoxy or a gold-silicon preform. 

-= 
-= 

-= -= 

-= -= 
== 65 

-= -= 

-= 

-= -= -= 

BONDING PAD ASSIGNMENTS 

i414---------90---------~~1 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
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VDD_/GND 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJMAX = 150°C 

TOLERANCES ARE ±100/0. 

ALL DIMENSIONS ARE IN MILS. 

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

7-119 



~ 

~ 

~~..t 
~-t 
~~~d ~t:: 
~~ 

!~ 
~ 

j 

recommended operating conditions 

TLC354C TLC3541 TLC354M 
UNIT 

MIN MAX MIN MAX MIN MAX 

Supply voltage, VOO 1.4 16 1.4 16 1.4 16 V 

VOO= 1.4V 0 0.2 0 0.2 0 0.2 

Common-mode input voltage, VIC VOO=5V 0 3.5 0 3.5 0 3.5 V 

VOO= 10V 0 8.5 0 8.5 0 8.5 

Operating free-air temperature, TA 0 70 -40 85 -55 125 °C 

electric;!1 characteristics at specified free-air temperature, Voo = 1.4 V 

TAt 
TLC354C TLC3541 TLC354M 

PARAMETER TEST CONOITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25~C 2 5 2 5 2 5 
Via Inout offset voltage VIC = VICRmin, See Note 4 mV 

Full range 6.5 7 10 

25°C 1 1 1 pA 
110 Input offset current 

MAX 0.3 1 10 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAX 0.6 2 20 nA 

VICR 
Common-mode input voltage 

25°C 
Oto Oto 010 

V 
range 0.2 0.2 0.2 

IVOH=5V 25°C 0.1 0.1 0.1 nA 
10H High-level output current VIO= 1 V IVOH=15V Full range 1 1 1 IIA 

25°C 100 200 100 200 100 200 
VOL LOW-level output voltage VIO =-0.5 V, IOL=0.6mA mV 

Full range 200 200 200 

IOL LOW-level output current VIO=-0.5V, VOL = 300 mV 25°C 1 1.6 1 1.6 1 1.6 rnA 

Supply current 25°C 130 300 130 300 130 300 
100 (four comparators) VIO = 0.5 V, No load 

400 
IIA 

Full range 400 400 

tAli charaderistics are measured with zero common-mode input voHage unless otherwise noted. Full range is O°C to 70°C for TLC354C, -40°C to 85°C for TLC3541, and -55°C 
to 125°C for the TLC354M. MAX is 70°C for TLC354C, 85°C TLC3541, and 125°C for the TLC354M. IMPORTANT: See Parameter Measurement Information. 

NOTE 4:· The offset voHage limits given are the maximum values required to drive the output above 1.25 V or below 150 mV with a 10-1<0 resistor between the output and VOO. They 
c:an be verified by applying the limit value to the input and checking for the appropriate output state. 
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electrical characteristics at specified free-air temperature, Voo = 5 V 

TAt 
TLC354C TLC3541 TLC354M 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 2 5 2 5 2 5 
VIO Input offset voHage VIC = VICRmin, See Note 5 mV 

Full range 6.5 7 10 

25°C 1 1 1 pA 
110 Input offset current 

MAX 0.3 1 10 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAX 0.6 2 20 nA 
I 

I 25°C 
Oto Oto Oto 

V Common-mode input VDO-1 VOO-1 VOO-1 
V ICR voltage range 

Full range 
Oto Oto Oto 

VOO-1.5 VOO-1.5 VOO-1.5 

• 10H 
IVoH=5V 25°C 0.1 0.1 0.1 nA 

High-level output current VIO=1 V 
IVOH= 15V Full range 1 1 1 !1A 

. VOL 
25°C 150 400 150 400 150 400 

Low-level output voltage VIO=-1 V, IOL=4mA mV 
Full range 700 700 700 

10L Low-level output current VIO=-1V, VOL = 1.5mV 25°C 6 16 6 16 6 i6 mA 

Supply current 25°C 0.3 0.6 0.3 0.6 0.3 0.6 
100 (four comparators) VIO= 1 V, No load mA 

Full range 0.8 0.8 0.8 

t All characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is O°C to 70°C for TLC354C, -40°C to 85°C for TLC3541, and -55°C to 
125°C for the TLC354M. MAX is 70°C for TLC354C, 85°C TLC3541, and 125°C for the TLC354M. IMPORTANT: See Parameter Measurement Information. 

NOTE 5: The offset voltage limits given are the maximum values required to drive the output above 4 V or below 400 mV with a 1 0-k,Q resistor between the output and VDO. They can 
be verified by applying the limit value to the inpUt and checking for the appropriate output state. 

switching characteristics, VOO = 5 V, TA = 25°C 
TLC354C, TLC3541 

PARAMETER TEST CONDITIONS TLC354M UNIT 

MIN TYP MAX 

RL connected to 5 V through 5.1 k,Q, 11oo-mV input step with 5-mVoverdrive 650 
Response time 

CL = 15 pF:t:, See Note 6 I TTL-level input step 
ns 

200 

:t: CL includes probe and jig capacitance. 
NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLC354 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS116B - SEPTEMBER 1985 - REVISED FEBRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 1.4 V, T A = 25°C (unless otherwise 
noted) 

TLC354Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

VIO Input offset voltage VIC = VICR min, See Note 4 2 5 mV 

110 Input offset current 1 pA 

liB Input bias current 5 pA 

VICR Common-mode inpllt voltage range 
Oto 

V 
0.2 

10H High-level output current VIO=1 V, VOH =5V 0.1 nA 

VOL Low-level output voltage VIO=-0.5V, IOL=0.6mA 100 200 mV 

10L Low-level output current VIO=-0.5V, VOL=300mV 1 1.6 mA 

100 Supply current (four comparators) VIO =0.5 V, No load 130 300 IiA 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 1.25 V or below 150 mV with a 1 O-kQ resistor 

between the output and VOO. They can be verified by applying the limit value to the input and checking for the appropriate output state. 

electrical characteristics at specified free-air temperature, Voo = 5 V, T A = 25°C (unless otherwise 
noted) 

TLC354Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

VIO Input offset voltage VIC = VICR min, See Note 5 2 5 mV 

110 Input offset current 1 pA 

liB Input bias current 5 pA 

VICR Common-mode input voltage range 
Oto 

V 
VOO-1 

10H High-level output current VID= 1 V, VOH=5V 0.1 nA 

VOL Low-level output voltage VIO=-1V, IOL=4mA 150 400 mV 

10L Low-level output current VID=-1V, VOL = 1.5 mV 6 16 mA 

100 Supply current (four comparators) VIO= 1 V, No load 0.3 0.6 mA 

NOTE 5: The offset voltage Iim~s given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-kQ resistor 
between the output and VOO. They can be verified by applying the limit value to the input and checking for the appropriate output state. 

switching characteristics, Voo = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 
TLC354Y 

MIN TYP MAX 

RL connected to 5 V through 5.1 kQ, 11oo-mv input step with 5-mV overdrive 650 
Response time 

CL = 15 pF:f:, See Note 6 I TTL-level input step 200 
.. 

:f: CL Includes probe and Jig capacitance . 
NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLC354 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCSl16B - SEPTEMBER 1985 - REVISED FEBRUARY 1997 

PARAMETER MEASUREMENT INFORMATION 

The digital output stage of the TLC354 can be damaged if it is held in the linear region of the transfer curve. 
Conventional operational amplifier/comparator testing incorporates the use of a servo loop that is designed to force 
the device output to a level within this linear region. Since the servo-loop method of testing cannot be used, the 
following alternative for measuring parameters such as input offset voltage, common-mode rejection, etc., are 
offered. 

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 1 (a). With the noninverting input positive with respect to the inverting input, the output should be high. With 
the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages can 
be slewed as shown in Figure 1 (b) for the VieR test, rather than changing the input voltages, to provide greater 
accuracy. 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal but 
opposite in polarity to the input offset voltage, the output changes state. 

5V lV 

5.1 k.Q 5.1 k.Q 

1 r 1 
-=- -4V 

r 
(a) VIO WITH VIC = 0 (b) VIO WITH VIC = 4 V 

Figure 1. Method for Verifying That Input Offset Voltage is Within Specified Limits 
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TLC354 . 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS116B - SEPTEMBER 1985 - REVISED FEBRUARY 1997 

PARAMETER MEASUREMENT INFORMATION 

Figure 2 illustrates a practicle circuit for direct dc measurement of input offset voltage that does not bias the 
comparator into the linear region. The circuit consists of a sWitching-mode servo loop in which U1 a generates a 
triangular waveform of approximately 20-mV amplitude. U1 b acts as a buffer with C2 and R4 removing any residual 
dc offset. The signal is then applied to the inverting input of the comparator under test, while the noninverting input 
is driven by the output of the integrator formed by U1 c through the voltage divider formed by R9 and R10. The loop 
reaches a stable operating point when the output of the comparator under test has a duty cycle of exactly 50%, which 
can only occur when the incoming triangle wave is sliced symmetrically or when the voltage at the noninverting input 
exactly equals the input offset voltage. 

Voltage divider R9 and R10 provides a step up of the input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the reading; therefore, it is 
suggested that their tolerance level be 1 % or lower .. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current and 
compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board leakage 
can be measured with no device in the socket. Subsequently, this open-socket leakage value can be subtracted from 
the measurement obtained with a device in the socket to obtain the actual input current of the device .. 
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C1 
0.1 ~F 

Voo R5 C3 
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R6 U1e 
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R7 
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R& C4 

U1.a . -=- 1.& kO, 1% T- 0.1 ~F 
-=-

1/4 TLC274CN 
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Figure 2. Test Circuit for Input Offset Voltage Measurement 
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TLC354 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCSl16B - SEPTEMBER 1985 - REVISED FEBRUARY 1997 

PARAMETER MEASUREMENT INFORMATION 

Response time is defined as the interval between the application of an input step function and the instant when the 
output reaches 50% of its maximum value. Response time, low-to-high-Ievel output, is measured from the trailing 
edge of the input pulse. Response-time measurement at low input signal levels can be greatly affected by the input 
offset voltage. The offset voltage should be balanced by the adjustment at the inverting input (as shown in Figure 3) 
so that the circuit is just at the transition point. Then a low signal, for example, 105-mV or 5-mV overdrive, causes 
the output to change. 

Pulse Generator 

1 v------, 
Input 

Offset Voltage 10 Q ~--Av'V\r-'----' 
Compensation 10 Turn 

Adjustment 
-lV-------' 

Overdrive 

TEST CIRCUIT 

voo 

5.1 kQ 'T 11!F 

CL -:;r (see Note A) 

_t_---.. __ _ 
Inp:;'-=+====~= 

~tO m~v . Overdrive 

Input ________ J_ 
-"l

I 

Low-to-Hlgh
Level Ouptut 

I 100mV 

I 

~' --90% 
50% 

---10% 
I I 

I ~tr 
tpLH~ 

High-to-Low
Level Ouptut 

VOLTAGE WAVEFORMS 
NOTE A: CL includes probe and iig capacitance. 

I 

Figure 3. Response, Rise, and Fall Times Test Circuit and Voltage Waveforms 
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TLC371, TLC371Y 
LinCMOSTM DIFFERENTIAL COMPARATORS 

• Single or Dual-Supply Operation 
• Wide Range of Supply Voltages 

3 Vto 16 V 

• Very Low Supply Current Drain 
75 JlA Typ at 5 V 

• Fast Response Time ..• 200 ns Typ for 
TTL-Level Input Step 

• Built-In ESD Protection 
• Extremely Low Input Bias Current 

5 pATyp 

• Ultrastable Low Input Offset Voltage 
• Common-Mode Input Voltage Range 

Includes Ground 

• Output Compatible With TTL, MOS, and 
CMOS 

description 

symbol 

o OR P PACKAGE 

(TOP VIEW) 

aUTDs VDD 
IN- 2 7 NC 
IN + 3 6 NC 

GND 4 5 NC 

NC - No internal connection 

IN+.~ 
IN-

OUT 

The TLC371 is a voltage comparator fabricated using LinCMOSTM technology and designed to operate from a 
single power supply. Operation from dual supplies is also possible if the difference between the two supplies 
is 2 V to 18 V. The TLC371 features extremely high input impedance, allowing direct interfacing with 
high-impedance sources. The output is in n-channel open-drain configuration. 

The TLC371 has internal electrostatic discharge (ESD) protection circuits and has been classified with a 2000-V 
ESD rating tested under MIL-STD-883, Method 3015.1. However, care should be exercised in handling this 
device as exposure to ESD may result in a degradation of the device parametric performance. 

The TLC371 C is characterized for operation from O°C to 70°C. The TLC371I is characterized for operation from 
- 40°C to 85°C. The TLC371 M is characterized for operation over the full military temperature range of - 55°C 
to 125°C. 

equivalent schematic (each comparator) 

VDD-r--~~==~~~~~~==~~~======~==~~~-----r--r-~ 

IN+ IN-

LinCMOS is a trademark of Texas Instrl.Jments Incorporated. 
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Copyright © 1992, Texas Instruments Incorporated 
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TLC371, TLC371 Y 
LinCMOSTM DIFFERENTIAL COMPARATORS 

SLCS017 - JULY 1991 - REVISED FEBRUARY 1992 

TLC371Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLC371. 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. 

- 7 
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BONDING PAD ASSIGNMENTS 
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IN+ 

IN-

VDD 

GND 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJ max = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

NO BACKSIDE METALIZATION 

PIN (4) INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 



TLC371, TLC371 V 
LinCMOSTM DIFFERENTIAL COMPARATORS 

SLCS017 - JULY 1991 - REVISED FEBRUARY 1992 

AVAILABLE OPTIONS 

PACKAGED DEVICES 
Vlomaxat CHIP FORM 

TA 25°C SMALL OUTLINE PLASTIC DIP (Y)t 
(D) (P) 

O°C to 70°C 5mV TLC371CD TLC371CP TLC371Y 

- 40°C to 85°C 5mV TLC3711D TLC3711P -
- 55°C to 125°C 5mV TLC371MD TLC371MP -

t Chips are tested at TA = 25°C. See TLC371 Y for electrical characteristics. 
The D package is available taped and reeled. Add the suffix "R" to the device type (e;g., TLC371 CDR). 

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

Supply voltage, Voo (see Note 1) ........................................................... 18 V 
Differential input voltage, V,O (see Note 2) .................................................. ± 18 V 
Input voltage range, V, .............................................................. - 0.3 to 18 V 
Output voltage, Vo ........................................................................ 18 V 
Input current, I, ......................................................................... ± 5 rnA 
Output current, 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 rnA 
Duration of output short circuit to ground (see Note 3) ..................................... unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: TLC371 C ................................ ;...... 0 to 70°C 

TLC371I ................................... - 40°C to 85°C 
TLC371 M ................................. - 55°C to 125°C 

Storage temperature range ................................................. " . . . .. ~ 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............. , .. , .. , ........... 260°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 network ground. 
2. Differential voltages are at IN+ with respect to IN-. 
3. Short circuits from outputs to VDD can cause excessive heating and eventual device destruction. 

DISSIPATION RATING TABLE 

TA:S; 25°C DERATING DERATE TA = 70°C TA = 85°C TA = 125°C 
PACKAGE POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 

D 
P 

500mW 
500mW 

5.8mW/oC 
8.0mW/oC 

recommended operating conditions 

Supply voltage, VDD 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

64°C 
87°C 

464mW 
500mW 

TLC371C 

MIN 

I VDD = 5 V 

IVDD=10V 

-!I1TEXAS 
INSTRUMENTS 

3 

0 

0 

0 

MAX 

16 

3.5 

8.5 

70 
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377mW 
500mW 

TLC371I 

MIN MAX 

3 16 

0 3.5 

0 8.5 

-40 85 

145mW 
200mW 

TLC371M 

MIN MAX 

4 16 

0 3.5 

0 8.5 

-55 125 

UNIT 

V 

V 

°C 
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electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

TLC371C TLC371 I TLC371M 
If'ARAMETER TEST CONDITIONS TAt UNIT 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 5 1 5 
VIO Input offset voltage VIC = VICRmin, See Note 4 mV 

Full range 6.5 7 10 

25°C 1 1 1 pA 
110 Input offset current 

MAX 0.3 1 10 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAX 0.6 2 20 nA 

25°C 
Oto Oto Oto 

VICR 
Common-mode input VOO-1 VOO-1 VOO-1 

V 
vcltage range 

Full range 
Oto Oto Oto 

VOO-1.5 VOO-1.5 VOO-1.5 

IVOH=5V 25°C 0.1 0.1 0.1 nA 
IIH High-level output current VIO= 1 V IVOH=15V Full range 1 1 3 IJ.A 

25°C 150 400 150 400 150 400 
VOL Lew-level output voltage VIO=-1 V, IOL=4mA mV 

Full range 700 700 700 

10L Lew-level output current VIO=-1 V, VOL = 1.5 V 25°C 6 16 6 16 6 16 rnA 

25°C 75 150 75 150 75 150 
100 Supply current VIO=1 V, No load IJ.A 

Full range 200 200 200 

t All characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is O°C to 70°C for TLC371C, -40°C to 85°C for TLC371I, and -55°C to 
125°C for TLC371 M. IMPORTANT: See Parameter Measurement Information. 

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-kQ resistor between the output and VOO. They 
_ can be verified by applying the limit value to the input and checking for the appropriate output state. 

switching characteristics, Voo = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

RL connected to 5 V through 5.1 kn" CL = 15 pF+, 1 OO-mV input step with 5-mV overdrive 650 
Response time See Note 5 TTL-level input step 200 

lIS 

:t: CL includlls probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLC371, TLC371 V 
LinCMOSTM DIFFERENTIAL COMPARATORS 

SLCS017 - JULY 1991 - REVISED FEBRUARY 1992 

electrical characteristics at Voo = 5 V, T A = 25°C (unless otherwise noted) 

Via 

110 

liB 

VICR 

10H 

Val 

10l 

IDD 

TLC371Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 
Inpul offset voltage VIC = VICRmin 1 5 mV 

Input offset current 1 100 pA 

Input bias current 5 100 pA 

Common-mode input voltage range 
Oto 

V 
VDD-1 

High-level output current 0.1 nA 

low-level output voltage 150 400 mV 

low-level output current 6 16 mA 

Supply current 75 150 itA 

PARAMETER MEASUREMENT INFORMATION 

The digital output stage of the TLC371 can be damaged if it is held in the linear region of the transfer curve. 
Conventional operational amplifier/comparator testing incorporates the use of a servo-loop that is designed to 
force the device output to a level within this linear region. Since the servo-loop method of testing cannot be used, 
the following alternatives for measuring parameters such as input offset voltage, common-mode rejection, etc., 
are offered. 

To verify thatthe input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 1 (a). With the noninverting input positive with respect to the inverting input, the output should be high. 
With the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages 
can be slewed as shown in Figure 1 (b) for the VieR test, rather than changing the input voltages, to provide 
greater accuracy. 

5V 1V 

AppliedVIO 
Limit 

ApplledVIO 
Limit 

1 1 
(a) VIO WITH VIC = 0 (b) VIO WITH VIC = 4 V 

Figure 1. Method for Verifying That Input Offset Voltage Is Within Specified Limits 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal 
but opposite in polarity, to the input offset voltage, the output changes states. 
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TLC371, TLC371 Y 
LinCMOSTM DIFFERENTIAL COMPARATORS 

\ 
SLCS017 - JULY 1991 - REVISED FEBRUARY 1992 

PARAMETER MEASUREMENT INFORMATION 

Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator in the linear region. The circuit consists of a switching-mode servo-loop in which U1 a generates a 
triangular waveform of approximately 20-mV amplitude. Ui b acts as a buffer, with C2 and R4 removing any 
residual dc offset. The signal is then applied to the inverting input of the comparator under test, while the 
non inverting input is driven by the output of the integrator formed by U 1 c through the voltage divider formed by 
R9 and RiO. The loop reaches a stable operating point when the output of the comparator under test has a duty 
cycle of exactly 50%, which can only occur when the incoming triangle wave is "sliced" symmetrically or when 
the voltage at the noninverting input exactly equals the input offset voltage. 

Voltage divider R9 and RiO provides a step-up of the input offset voltage by a factor of 100 to make 
measurement easier. The values of RS, R8, R9, and RiO can significantly influence the accuracy of the reading; 
therefore, it is suggested that their tolerance level be 1 % or lower. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current 
and compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board 
leakage can be measured with no device in the socket. Subsequently, this open-socket leakage value can be 
subtracted from the measurement obtained with a device in the socket to obtain the actual input current of the 
device. 

U1b 
1/4 TLC274C 

R1 
240kO 

Voo 

-=-

-=-

RS 
1.8kO,1% 

R6 
5.1 kO 

R7 
1 Mn 

R8 
1.8kO,1% 

C3 
O.68 IlF 

U1c 
1/4TLC274C 

VIO 
(X100) 

C4 
T 0.11lF 

-=-
C1 
0.11lF 

7-132 

R9 
R10 10kO,1% 
100n,1% 

-=-

Figure 2. Circuit for Input Offset Voltage Measurement 
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TLC371, TLC371 V 
LinCMOSTM DIFFERENTIAL COMPARATORS 

SLCS017 - JULY 1991 - REVISED FEBRUARY 1992 

PARAMETER MEASUREMENT INFORMATION 

Propagation delay time is defined as the interval between the application of an input step function and the instant 
when the output reaches 50% of its maximum value. Propagation delay time, low-to-high-Ievel output is 
measured from the leading edge of the input pulse, while propagation delay time, high-to-Iow-Ievel output, is 
measured from the trailing edge of the input pulse. Propagation delay time measurement at low input signal 
levels can be greatly affected by the input offset voltage. The offset voltage should be balanced by the 
adjustment at the inverting input (as shown in Figure 3) so that the circuit is just at the transition pOint. A low 
signal, for example 105 mV or 5 mV overdrive, causes the output to change state. 

Pulse 
Generator 

voo 

Input Offsat Voltage 
Compensation 
Adjustment 

1 V --10-0--' 
10 Turn >4--JVV"v--..... ----a 

-1V----' 

Overdrive 

1-*=-fu--t Input 100mV 

I----f 
1 

1 

Low-to-Hlgh 1 50% 
Level Output 1 

110% 

1 1 

I~ 
1 
14 tPLH 

T 0.111F 

TEST CIRCUIT 

Overdrive 

Input 1~LI 
=f====tT 

1 

High-to-Low 1 

Level Output 1 

1 

1 

1 

1 

1 

1 

14 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

CL 
(see Note A) 

10% 

1 

j.- tf 

tpHL 

Figure 3. Propagation Delay, Rise, and Fall Times Circuit and Voltage Waveforms 
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TLC371, TLC371 Y 
LlnCMOSTM DIFFERENTIAL COMPARATORS 

SLCS017-JULY 1991- REVISED FEBRUARY 1992 

PRINCIPLES OF OPERATION 

LinCMOSTM process 

The LinCMOSTM process is a linear polysilicon-gate CMOS process. Primarily designed for single-supply 
applications, LinCMOSTM products facilitate the design of a wide range of high-performance analog functions 
from operational amplifiers to complex mixed-mode converters. 

While digital designers are experienced with CMOS, MOS technologies are relatively new for analog designers. 
This short guide is intended to answer the most frequently asked questions related to the quality and reliability 
of LinCMOSTM products. Further questions should be directed to the nearest TI sales office. 

electrostatic discharge 

CMOS circuits are prone to gate oxide breakdown when exposed to high voltages even if the exposure is only 
for very short periods of time. Electrostatic discharge (ESD) is one of the most common causes of damage to 
CMOS devices. It can occur when a device is handled without proper consideration for environmental 
electrostatic charges, e.g., during board assembly. If a circuit in which one amplifier from a dual operational 
amplifier is being used and the unused pins are left open, high voltages tends to develop. If there is no provision 
for ESD protection, these voltages may eventually punch through the gate oxide and cause the device to fail. 
To prevent voltage build-up, each pin is protected by internal circuitry. 

Standard ESD-protection circuits safely shunt the ESD current by providing a mechanism whereby one or more 
transistors break down at voltages higher than the normal operating voltages but lower than the breakdown 
voltage of the input gate. This type of protection scheme is limited by leakage currents which flow through the 
shunting transistors during normal operation after an ESD voltage has occurred. Although these currents are 
small, on the order of tens of nanoamps, CMOS amplifiers are often specified to draw input currents as low as 
tens of picoamps. 

To overcome this limitation, TI design engineers developed the patented ESD-protection circuit shown in 
Figure 4. This circuit can withstand several successive 2-kV ESD pulses, while reducing or eliminating leakage 
currents that may be drawn through the input pins. 

All input and output pins on LinCMOSTM and Advanced LinCMOSTM products have associated ESD protection 
circuitry that undergoes qualification testing to withstand 2000 V discharged from a 1 OO-pF capacitor through 
a 1500-0 resistor (human body model) and 200 V from a 100-pF capacitor with no current-limiting resistor 
(charged device model). These tests simulate both operator and machine handling of devices during normal 
test and assembly operations. 

Voo 
R1 

Input ..... --..... ---'\NI.,.-... ----+---._ To Protected Circuit 

R2 

01 02 03 

VSS~--------~-~----~ 

Figure 4. LinCMOSTM ESD·Protectlon Schematic 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
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input protection circuit operation 

TLC371, TLC371 Y 
LinCMOSTM DIFFERENTIAL COMPARATORS 

SLCS017 - JULY 1991 - REVISED FEBRUARY 1992 

PRINCIPLES OF OPERATION 

Texas'lnstruments patented protection circuitry allows for both positive-and negative-going ESO transients. 
These transients are characterized by extremely fast rise times and usually low energies, and can occur both 
when the device has all pins open and when it is installed in a circuit. 

positive ESD transients 

Initial positive charged energy is shunted through Q1 to Vss. Q1 turns on when the voltage at the input rises 
above the voltage on the VDD pin by a value equal to the VBE of Q1. The base current increases through R2 
with input current as Q1 saturates. The base current through R2 forces the voltage at the drain and gate of Q2 
to exceed its threshold level (Vr - 22 to 26 V) and turn Q2 on. The shunted input current through Q1 to VSS is 
now shunted through the n-channel enhancement-type MOSFET Q2 to Vss. If the voltage on the input pin 
continues to rise, the breakdown voltage of the zener diode 03 is exceeded and all remaining energy is 
dissipated in R 1 and 03. The breakdown voltage of 03 is designed to be 24 to 27 V, which is well below the gate 
oxide voltage of the circuit to be protected. 

negative ESD transients 

The negative charged ESO transients are shunted directly through 01. Additional energy is dissipated in R1 
and 02 as 02 becomes forward biased. The voltage seen by the protected circuit is - 0.3 V to -1 V (the forward 
voltage of 01 and 02). 

circuit design considerations 

LinCMOSTM products are being used in actual circuit environments that have input voltages that exceed the 
recommended common-mode input voltage range and activate the input protection circuit. Even under normal 
operation, these conditions occur during circuit power-up or power-down, and in many cases, when the device 
is being used for a signal conditioning function. The input voltages can exceed VieR and not damage the device 
only if the inputs. are current limited. The recommended current limit shown on most product data sheets is 
±5 mAo Figures 5 and 6 show typical characteristics for input voltage vs input current. 

Normal operation and correct output state can be expected even when the input voltage exceeds the positive 
supply voltage. Again, the input current should be externally limited even though internal positive current limiting 
is achieved in the input protection circuit by the action of Q1. When Q1 is on, it saturates and limit the current 
to approximately 5-mA collector current by design. When saturated, Q1 base current increases with input 
current. This base current is forced into the VDD pin and into the device IDD or the VDD supply through R2 
producing the current limiting effects shown in Figure 5. This internal limiting lasts only as long as the input 
voltage is below the Vr of Q2. 

When the input voltage exceeds the negative supply voltage, normal operation is affected and output voltage 
states may not be correct. Also, the isolation between channels of multiple devices (duals and quads) can be 
severely affected. External current limiting must be used since this current is directly shunted by 01 and 02 and 
no internal limiting is aChieved. If normal output voltage states are required, an external input voltage clamp is 
required (see Figure 7). 
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TLC371 , TLC371 Y 
LinCMOSTM DIFFERENTIAL COMPARATORS 

SLCS017 -JULY 1991 - REVISED FEBRUARY 1992 

PRINCIPLES OF OPERATION 

circuit design considerations (continued) 
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/ 
II 

J 
/ 

, 
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! 
I 

o 
VOO VOO+4 VOO+8 VOO+12 

0 ../ 
Voo - 0.3 VOO - 0.5 Voo - 0.7 VOO - 0.9 

RI 
VI 

See Note A 

Input Voltage - V 

Figure 5 

I 
I vref I 

i -= -= 

Voo 

-= 

Input Voltage - V 

Figure 6 

Positive Voltage Input Current Limit: 

VI - Voo - 0.3 V 
RI = 5 mA 

Negative Voltage Input Current Limit: 

- VI - Voo - (- 0.3 V) 
RI = 5 mA 

NOTE A: If the correct input state is required when the negative input exceeds VSS. a Schottky clamp is required. 

Figure 7. Typical Input Current-Limiting Configuration for a LinCMOSTM Comparator 
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TLC372,TLC372Q,TLC372Y 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

• Single or Dual-Supply Operation 

• Wide Range of Supply Voltages 
2Vt018V 

• Very Low Supply Current Drain 
150 IlA Typ at 5 V 

• Fast Response Time ..• 200 ns Typ for 
TTL-Level Input Step 

• Built-in ESD Protection 

• High Input Impedance .•. 1012 Q Typ 

• Extremely Low Input Bias Current 
5 pATyp 

• Ultrastable Low Input Offset Voltage 

• Input Offset Voltage Change at Worst-Case 
Input Conditions Typically 0.23IlVlMonth, 
Including the First 30 Days 

• Common-Mode Input Voltage Range 
Includes Ground 

• Output Compatible With TTL, MOS, and 
CMOS 

• Pin-Compatible With LM393 

description 

This device is fabricated using LinCMOSTM 
technology and consists of two independent 
voltage comparators, each designed to operate 
from a Single power supply. Operation from dual 
supplies is also possible if the difference between 
the two supplies is 2 V to 18 V. Each device 
features extremely high input impedance 
(typically greater than 1012 Q), allowing direct 
interfacing with high-impedance sources. The 
outputs are n-channel open-drain configurations 
and can be connected to achieve positive-logic 
wired-AND relationships. 

SLCS114A - NOVEMBER 1983 - REVISED NOVEMBER 1996 

TLC372C, TLC3721, TLC372M, TLC372Q 
D, P, OR PW PACKAGE 

TLC372M ... JG PACKAGE 
(TOP VIEW) 

10UT(J8 VCC 
11N- 2 7 20UT 

11N+ 3 6 21N-

GND 4 5 21N+ 

NC 

TLC372M ... FK PACKAGE 
(TOP VIEW) 

3 2 1 2019 
NC 4 18 

11N- 5 17 20UT 

NC 6 16 NC 

11N+ 7 15 21N-

NC 8 14 NC 
9 1011 1213 

~~~~~ 
C!l C\I 

NC - No internal connection 

symbol (each comparator) 

IN+=t>-
OUT 

IN-

The TLC372 has internal electrostatic discharge (ESD) protection circuits and has been classified with a 2000-V 
ESD rating tested under MIL-STD-883C, Method 3015.1. However, care should be exercised in handling this 
device as exposure to ESD may result in a degradation of the device parametric performance. 

The TLC372C is characterized for operation from O°C to 70°C. The TLC3721 is characterized for operation from 
-40°C to 85°C. The TLC372M is characterized for operation over the full military temperature range of -55°C 
to 125°C. The TLC372Q is characterized for operation from -40°C to 125°C. 

LinCMOS is a trademark of Texas Instruments Incorporated. 
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TLC372,TLC372Q,TLC372Y 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

SLCSl14A - NOVEMBER 1983 - REVISED NOVEMBER 1996 

equivalent schematic (each comparator) 

IN+ IN-

AVAILABLE OPTIONS 

PACKAGED DEVICES 
Vlomax 

TA SMALL CHIP CERAMIC PLASTIC 
AT 25°C OUTLINE CARRIER DIP DIP 

(D) (FK) (JG) (P) 

O°C to 70°C 5mV TLC372CD - - TLC372CP 

-40°C to 85°C 5mV TLC3721D - - TLC3721P 

-55°C to 125°C 5mV TLC372MD TLC372MFK TLC372MJG TLC372MP 

-40°C to 125°C 5mV TLC372QD - - TLC372QP 

The D packages are available taped and reeled. Add R suffix to device type (e.g., TLC372CDR). 
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TLC372,TLC372Q,TLC372Y 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

SLCSl14A - NOVEMBER 1983 - REVISED NOVEMBER 1996 

TLC372Y chip information 

These chips, when properly assembled, display characteristics similar to the TLC372C. Thermal compression 
or ultrasonic bonding can be used on the doped-aluminum bonding pads. Chips can be mounted with 
conductive epoxy or a gOld-silicon preform. 

BONDING PAD ASSIGNMENTS 

~ ~ 
11111'11111111111111111111111111111111111'1'1'1'1'1'1'1'1'1'1 11 '1'1' 
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11N+ 

10UT 
11N-

21N+ 
20UT 

21N-

GND 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 3.6 x 3.6 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise notec:l)t 

Supply voltage, Voo (see Note 1) ........................................................... 18 V 
Differential input voltage, VIO (see Note 2 ................................................... ±18 V 
Input voltage range, VI ............................................................. -0.3 V to 18 V 
Output voltage, Vo ........................................................................ 18 V 
Input current, II ......................................................................... ±5 rnA 
Output current, 10 ........................................................................ 20 rnA 
Duration of output short circuit to ground (see Note 3) ..................................... unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: TLC372C ..................................... O°C to 70°C 

TLC372I ................................... -40°C to 85°C 
TLC372M ................................. -55°C to 125°C 
TLC372Q ................................. -40°C to 125°C 

Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, 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 network ground. 
2. Differential voltages are at IN+ with respect to IN -. 
3. Short circuits from outputs to VDD can cause excessive heating and eventual device destruction. 

DISSIPATION RATING TABLE 

PACKAGE 
TA:S:25°C DERATING DERATE TA=70°C TA=85°C 

POWER RATING FACTOR ABOVETA POWER RATING POWER RATING 

D SOOmW S.8mW/oC 64°C 464mW 377mW 

FK SOOmW 11.0mW/oC 104°C SOOmW SOOmW 

JG SOOmW 8.4mW/oC 90°C SOOmW SOOmW 

P SOOmW 8.0mW/oC 87°C SOOmW SOOmW 

PW 525mW 4.2 mW/oC 2SoC 336mW NlA 

recommended operating conditions 

Supply voltage, VDD 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

7-140 

TLC372C 

MIN MAX 

3 16 

I VDD = S V 0 3.S 

IVDD= 10V 0 8.S 

0 70 
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TLC3721 

MIN MAX 

3 16 

0 3.S 

0 8.S 

-40 8S 
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TLC372M 

MIN MAX 

4 16 

0 3.S 

0 8.S 

-SS 125 

TA= 125°C 
POWER RATING 

145mW 

27SmW 

210mW 

200mW 

NlA 

TLC372Q 
UNIT 

MIN MAX 

4 16 V 

0 3.S 
V 

0 8.S 

-40 12S °C 
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electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

TAt 
TLC372C TLC3721 TLC372M. TLC372Q 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 5 1 5 
VIO Input offset voltage VIC = VICRmin, See Note 4 mV 

Full range 6.5 7 10 

25°C 1 1 1 pA 
110 Input offset current 

MAX 0.3 1 10 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAX 0.6 2 20 nA 

25°C Oto Oto Oto 

VICR 
Common-mode input VOO-l VOO-l VOO-l 

V voltage range 
Full range Oto 010 010 

VOO-l.5 VOO-l.5 VOO-1.5 

IVOH=5V 25°C 0.1 0.1 0.1 nA 
10H High-level output current VIO=l V IVOH=15V Full range 1 1 3 IJA 

25°C 150 400 150 400 150 400 
VOL LOW-level output voltage VIO=-l V, IOL=4mA mV 

Full range 700 700 700 

10L Low-level output current VIO=-l V, VOL=1.5V 25°C 6 16 6 16 6 16 mA 

Supply current 25°C 150 300 150 300 150 300 
100 VIO=l V, No load IJA (two comparators) Full range 400 400 400 

t All characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is O°C to 70°C for TLC372C, -40°C to 85°C for TLC3721, and -55°C to 
125°C for TLC372M and -40°C to 125°C for TLC372Q. IMPORTANT: See Parameter Measurement Information. 

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-kO resistor between the output and VOO. They can 
be verified by applying the limit value to the input and checking for the appropriate output state. 

switching characteristics, Voo = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

RL connected to 5 V through 5.1 kO, CL = 15 pF:J:, 1100-mV input step with 5-mVoverdrive 650 
Response time ns 

See Note 5 I TTL-level input step 200 

:I: CL includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLC372, TLC372Q, TLC372Y 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

SLCSl14A - NOVEMBER 1983 - REVISED NOVEMBER 1996 

electrical characteristics at specified free-air temperature, Voo = 5 V, TA = 25°C (unless otherwise 
noted) . 

PARAMETER TEST CONDITIONST 
TLC372Y 

UNIT 
MIN TYP MAX 

VIO Input offset voltage VIC = VICRmin, See Note 4 1 5 mV 

110 Input offset current 1 pA 

liB Input bias current 5 pA 

VICR Common-mode input voltage range Oto V VOO-1 

10H High-level output current VIO= 1 V, VOH =5V 0.1 nA 

VOL Low-level output voltage VIO=-l V, IOL=4mA 150 400 mV 

10L Low-level output cu rrent VIO=-l V, VOL = 1.5V 6 16 mA 

100 Supply current (two comparators) VIO= 1 V, No load 150 300 !lA 
t All characteristics are measured with zero common-mode input voltage unless otherwise noted. IMPORTANT: See Parameter Measurement 

Information. 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-kO resistor 

between the output and VOO. They can be verified by applying the limit value to the input and checking forthe appropriate output state. 

PARAMETER MEASUREMENT INFORMATION 

The digital output stage of the TlC372 can be damaged if it is held in the linear region of the transfer curve. 
Conventional operational amplifier/comparator testing incorporates the use of a servo loop that is designed to force 
the device output to a level within this linear region. Since the servo-loop method of testing cannot be used, the 
following alternatives for measuring parameters such as input offset voltage, common-mode rejection, etc., are 
offered. 

To verify that the input offset voltage falls within the limits speeified, the limit value is applied to the input as shown 
in Figure 1 (a). With the non inverting input positive with respect to the inverting input, the output should be high. With 
the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages can 
be slewed as shown in Figure 1 (b) for the VieR test, rather than changing the input voltages, to provide greater 
accuracy. 

SV 1V 

Vo 

1 
(a) VIO WITH VIC = 0 (b) VIO WITH VIC = 4 V 

Figure 1. Method for Verifying That Input Offset Voltage is Within Specified Limits 
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PARAMETER MEASUREMENT INFORMATION 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal, but 
opposite in polarity, to the input offset voltage, the output changes states. 

Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator into the linear region. The circuit consists of a switching-mode servo loop in which U1 a generates a 
triangular waveform of approximately 20-mV amplitude. U1 b acts as a buffer, with C2 and R4 removing any residual 
dc offset. The signal is then applied to the inverting input of the comparator under test, while the non inverting input 
is driven by the output of the integrator formed by U1c through the voltage divider formed by R9 and R10. The loop 
reaches a stable operating point when the output of the comparator under test has a duty cycle of exactly 50%, which 
can only occur when the incoming triangle wave is sliced symmetrically or when the voltage at the noninverting input 
exactly equals the input offset voltage. 

Voltage divider R9 and R10 provides a step up of the input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the reading; therefore, it is 
suggested that their tolerance level be 1 % or lower. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current and 
compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board leakage 
can be measured with no device in the socket. Subsequently, this open-socket leakage value can be subtracted from 
the measurement obtained with a device in the socket to obtain the actual input current of the device. 

U1b 
1/4 TLC274C 

C1 
0.11J,F 

Voo 
C3 

RS 
1.S kQ, 1% 

0.6SIJ,F 

R6 U1c 

S.1 kn 1/4 TLC274CN 

R7 
1 MO 

RS Integrator 
-=- 1.S kn, 1% C4 

U1a IO.1IJ,F 
1/4 TLC274CN -=-
Triangle 

Generator R9 
10 ko., 1% 

R10 
R2 100 kn, 1% 

10kO 
-=-

Figure 2. Circuit for Input Offset Voltage Measurement 
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VIO 
(X100) 
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PARAMETER MEASUREMENT INFORMATION 

Response time is defined as the interval between the application of an input step function and the instant when the 
output reaches 50% of its maximum value. Response time, low-to-high-Ievel output, is measured from the leading 
edge of the input pulse, while response time, high-to-Iow-Ievel output, is measured from the trailing edge of the input 
pulse. Response-time measurement at low input signal levels can be greatly affected by the input offset voltage. The 
offset voltage should be balanced by the adjustment at the inverting input as shown in Figure 3, so that the circuit 
is just at the transition point. Then a low signal, for example 1 OS-mY or S-mV overdrive, causes the output to change 
state. 

7-144 

Pulse 
Generator 

lV -----, 

Input Offset Voltage 
Compensation Adjustment 

100 
10 Turn 

-lV ------' 

Overdrive 

1 k.Q 

I O•1I1F 

TEST CIRCUIT 

100mV 

Voo 

5.1 k.Q 

Input }--F---1 
'----f 

1 Overdrive 

f--+-=~ Input 

, 100mV , 
, 
, 

Low-to-High- , 
Level Output 10% 

1 

1 
tpLH ---I<141---.! 

NOTE A: CL includes probe and jig capacitance. 

High-to-Low
Level Output 

VOLTAGE WAVEFORMS 

, 
, 

Figure 3. Response, Rise, and Fall Times Circuit and Voltage Waveforms 
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PRINCIPLES OF OPERATION 

The LinCMOSTM process is a Linear polysilicon-gate complementary-MOS process. Primarily designed for 
single-supply applications, LinCMOSTM products facilitate the design of a wide range of high-performance 
analog functions, from operational amplifiers to complex mixed-mode converters. 

While digital designers are experienced with CMOS, MOS technologies are relatively new for analog designers. 
This short guide is intended to answer the most frequently asked questions related to the quality and reliability 
of LinCMOSTM products. Further questions should be directed to the nearest TI field sales office. 

electrostatic discharge 

CMOS circuits are prone to gate oxide breakdown when exposed to high voltages even if the exposure is only 
for very short periods of time. Electrostatic discharge (ESO) is one of the most common causes of damage to 
CMOS devices. It can occur when a device is handled without proper consideration for environmental 
electrostatic charges, e.g. during board assembly. If a circuit in which one amplifier from a dual operational 
amplifier is being used and the unused pins are left open, high voltages tends to develop. If there is no provision 
for ESO protection, these voltages may eventually punch through the gate oxide and cause the device to fail. 
To prevent voltage build up, each pin is protected by intemal circuitry. 

Standard ESO-protection circuits safely shunt the ESO current by providing a mechanism whereby one or more 
transistors break down at voltages higher than the normal operating voltages but lower than the breakdown 
voltage of the input gate. This type of protection scheme is limited by leakage currents which flow through the 
shunting transistors during normal operation after an ESO voltage has occurred. Although these currents are 
small, on the order of tens of nanoamps, CMOS amplifiers are often specified to draw input currents as low as 
tens of picoamps. 

To overcome this limitation, TI design engineers developed the patented ESO-protection circuit shown in 
Figure 4. This circuit can withstand several successive 2-kV ESO pulses, while reducing or eliminating leakage 
currents that may be drawn through the input pins. A more detailed discussion of the operation of TI's ESO
protection circuit is presented on the next page. 

All input and output pins on LinCMOS and Advanced LinCMOSTM products have associated ESO-protection 
circuitry that undergoes qualification testing to withstand 2000 V discharged from a 1 OO-pF capacitor through 
a 1500-0 resistor' (human body model) and 200 V from a 100-pF capacitor with no current-limiting resistor 
(charged device moC!el). These tests simulate both operator and machine handling of devices during normal 
test and assembly operations. 

Voo 
R1 

Input - ___ ---... --"v'V\,-~.------_+_--___ --__+ To Protected Circuit 

R2 

01 02 03 

VSS-------... ----~.---~------e---

Figure 4. LinCMOSTM ESO-Protectlon Schematic 

Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
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PRINCIPLES OF OPERATION 

input protection circuit operation 

Texas Instruments patented protection circuitry allows for both positive-and negative-going ESO transients. 
These transients are characterized by extremely fast rise times and usually low energies, and can occur both 
when the device has all pins open and when it is installed in a circuit. 

positive ESD transients 

Initial positive charged energy is shunted through 01 toVss. 01 turns on when the voltage at the input rises 
above the voltage on the Voo pin by a value equal to the VSE Of 01. The base -current increases through R2 
with input current as 01 saturates. The base current through R2 forces the voltage at the drain and gate of 02 
to exceed its threshold level (Vr - 22 V to 26 V) and turn 02 on. The shunted input current through 01 to V ss 
is now shunted through the n-channel enhancement-type MOSFET 02 to Vss. If the voltage on the input pin 
continues to rise, the breakdown voltage of the zener diode 03 is exceeded, and all remaining energy is 
dissipated in R1 and 03. The breakdown voltage of 03 is designed to be 24 to 27 V, which is well below the gate 
oxide voltage of the circuit to be protected. 

negative ESD transients 

The negative charged ESO transients are shunted directly through 01. Additional energy is dissipated in R1 
and 02 as 02 becomes forward biased. The voltage seen by the protected circuit is -0.3 V to -1 V (the forward 
voltage of 01 and 02). 

circuit-design considerations 

7-146 

LinCMOSTM products are being used in actual circuit environments that have input voltages that exceed the 
recommended common-mode input voltage range and activate the. input protection circuit. Even under normal 
operation, these conditions occur during circuit power up or power down, and in many cases, when the device 
is being used for a signal conditioning function. The input voltages can exceed VieR and not damage the device 
only if the inputs are current limited. The recommended current limit shown on most product data sheets is 
±5 mAo Figures 5 and 6 show typical characteristics for input voltage versus input current. 

Normal operation and correct output state can be expected even when the input voltage exceeds the positive 
supply voltage. Again, the input current should be externally limited even though internal positive current limiting 
is achieved in the input protection circuit by the action of 01. When 01 is on, it saturates and limit the current 
to approximately 5-mA collector current by design. When saturated, 01 base current increases with input 
current. This base current is forced into the Voo pin and into the device 100 or the Voo supply through R2 
producing the current limiting effects shown in Figure 5. This internal limiting lasts only as long as the input 
voltage is below the Vr of 02. 

When the input voltage exceeds the negative supply voltage, normal operation is affected and output voltage 
states may not be correct. Also, the isolation between channels of multiple devices (duals and quads) can be 
severely affected. External current limiting must be used since this current is directly shunted by 01 and 02 and 
no internal limiting is achieved. If normal output voltage states are required, an external input voltage clamp is 
required (see Figure 7). 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 



TLC372,TLC372Q,TLC372V 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

SLCS114A - NOVEMBER 1983 - REVISED NOVEMBER 1996 

PRINCIPLES OF OPERATION 

circuit-design considerations (continued) 
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Figure 6 

Positive Voltage Input Current Limit: 

R _ +V,- VOO-0.3V 
1- SmA 

Negative Voltage Input Current Limit: 

R _ -V,- VOO - (-0.3 V) 
1- SmA 

NOTE A: If the correct output state is required when the negative input exceeds VSS. a schottky clamp is required, 

Figure 7. Typical Input Current-Limiting Configuration for a LinCMOSTM Comparator 
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• Single- or Dual-Supply Operation 

• Wide Range of Supply Voltages 
2 Vto 18 V 

• Very Low Supply Current Drain 0.3 mA Typ 
at5 V 

• Fast Response Time ... 200 ns Typ for 
TTL-Level Input Step 

• Built-In ESD Protection 

• High Input Impedance ... 1012 0 Typ 

• Extremely Low Input Bias Current 5 pA Typ 

• Ultrastable Low Input Offset Voltage 

• Input Offset Voltage Change at Worst-Case 
Input Conditions Typically 0.23 IlVlMonth, 
Including the First 30 Days 

• Common-Mode Input Voltage Range 
Includes Ground 

• Outputs Compatible With TTL, MOS, and 
CMOS 

• Pin-Compatible With LM339 

description 

These quadruple differential comparators are 
fabricated using LinCMOSTM technology and 
consist of four independent voltage comparators 
designed to operate from a single power supply. 
Operation from dual supplies is also possible if the 
difference between the two supplies is 2 V to 18 V. 
Each device features extremely high input 
impedance (typically greater than 1012 0), 
allowing direct interfacing with high-impedance 
sources. The outputs are n-channel open-drain 
configurations and can be connected to achieve 
positive-logic wired-AND relationships. 

VDD 
NC 

21N-
NC 

21N+ 

D, J, N, OR PW PACKAGE 

(TOP VIEW) 

10UT 30UT 
20UT 40UT 

GND 
41N+ 

21N+ 41N-
11N- 31N+ 

31N-

FKPACKAGE 
(TOP VIEW) 

f-f- f-f-
:::>:::> :::>:::> 
~~~U~~ 

3 2 1 2019 
GND 4 18 

5 17 NC 

6 16 41N+ 
7 15 NC 
8 14 41N-

9 1011 1213 

NC - No internal connection 

symbol (each comparator) 

IN+~ 
IN-~ 

OUT 

The TLC374 has internal electrostatic discharge (ESO) protection circuits and has been classified with a 2000-V 
ESO rating tested under MIL-STO-833C, Method 3015.1. However, care should be exercised in handling this 
device as exposure to ESO may result in degradation of the device parametric performance. 

The TLC374C is characterized for operation from O°C to 70°C. The TLC3741 is characterized for operation from 
-40° to 85°C. The TLC374M is characterized for operation over full military temperature range of 
-55°C to 125°C. The TLC374Q is characterized for operation from -40°C to 125°C. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright © 1996. Texas Instruments Incorporated 
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AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA 
Vlomax 

SMALL OUTLINE CHIP CARRIER CERAMIC DIP AT 25°C 
(D) (FK) (J) 

O°Cto 70°C 5mV TLC374CD - -
-40°C to B5°C 5mV TLC3741D - -
-55°C to 125°C 5mV TLC374MD TLC374MFK TLC374MJ 

-40°C to 125°C 5mV TLC374QD - -
The 0 packages are available taped and reeled. Add R suffix to deVice type (e.g .• TLC374CDR). 

equivalent schematic (each comparator) 

Common to All Channels 

7-150 

IN+ 

~TEXAS 
INSTRUMENTS 

IN-

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

CHIP 

PLASTIC DIP TSSOP FORM 
(N) (PW) M 

TLC374CN TLC374CPW TLC374Y 

TLC3741N - -
TLC374MN - -
TLC374QN - -
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TLC374Y chip information 

-= -= 
-= -= -= -= 

This chip, when properly assembled, displays characteristics similar to the TLC374C. 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 

GND 

CHIP THICKNESS: 15 TYPICAL 

__________ ~~ BONDING PADS: 4 x 4 MINIMUM 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 TJMAX = 150°C 
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TOLERANCES ARE ±10% 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Voo (see Note 1) ........................................................... 18 V 
Differential inputvoltage, VIO (see Note 2) .....•............................................ ±18 V 
Input voltage, VI .......................................................................... Voo 
Input voltage range, VI ............................................................. -0.3 V to 18 V 
Output voltage, Vo ........................................................................ 18 V 
Input current, II ......................................................................... ±5 mA 
Output current, 10 ........................................................................ 20 mA 
Duration of output short circuit to ground (see Note 3) ..................................... unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: TLC374C ..................................... O°C to 70°C 

TLC374I ................................... -40°C to 85°C 
TLC374M ................................. -55°C to 125°C 
TLC374Q ................................ .-40°C to 125°C 

Storage temperature range, Tstg .................................................. -65°C to 150°C 
Case temperature range for 60 seconds: FK package ........................................ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: D, N, or PW package ............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J 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 network ground. 
2. Differential voltages are at IN+ with respect to IN -. 
3. Short circuits from outputs to VDD can cause excessive heating and eventual device destruction. 

DISSIPATION RATING TABLE 

PACKAGE TAs25°C DERATING DERATE TA = 70°C TA = 85°C 
POWER RATING FACTOR ABOVETA POWER RATING POWER RATING 

D 500mW 7.6mW/oC 84°C 500mW 494mW 

FK 500mW 11.0mW/oC 104°C 500mW 500mW 

J 500mW 11.0 mW/oC 104°C 500mW 500mW 

N 500mW 9.2mW/oC 95°C 500mW 500mW 

PW 700mW 5.6mW/oC 448mW 

recommended operating conditions 

TLC374C TLC3741 TLC374M 

Supply voltage, VDD 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

7-152 

MIN MAX 

3 16 

I VDD = 5 V 0 3.5 

IVDD=10V 0 8.5 

0 70 
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MAX MIN MAX 

16 4 16 

3.5 0 3.5 

8.5 0 8.5 

85 -55 125 

TA= 125°C 
POWER RATING 

190mW 

269mW 

269mW 

224mW 

TLC374Q 
UNIT 

MIN MAX 

3 16 V 

0 3.5 
V 

0 8.5 

-40 125 °C 
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electrical characteristics at specified free-air temperature, Voo = 5 V 

TAt 
TLC374C TLC3741 TLC374M 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 5 1 5 
VIO Input offset voltage VIC = VICRmin, See Note 4 mV 

Full range 6.5 7 10 

25°C 1 1 1 pA 
110 Input offset current 

MAX 0.3 1 10 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAX 0.6 2 20 nA 

25°C 
Oto Oto Oto 

VICR 
Common-mode input VDD-1 VDD-1 VDD-1 

V 
voltage range Oto Oto Oto 

Full range 
VDD-1.5 VDD-1.5 VDD-1.5 

IVoH=5V 25°C 0.1 0.1 0.1 nA 
10H High-level output current VID= 1 V IVOH=15V Full range 1 1 1 j.JA 

25°C 150 400 150 400 150 400 
VOL Low-level output voltage VID=-1 V, IOL=4mA mV 

Full range 700 700 700 

10L Low-level output current VID=-1 V, VOL = 1.5 V 25°C 6 16 6 16 6 16 mA 

Supply current 25°C 300 600 300 600 300 600 
IDD (four comparators) VID=1 V, No load mA 

Full range 800 800 800 

t All characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is O°C to 70°C for TLC374C, -40°C to 85°C for TLC3741, and -55°C to 
125°C for the TLC374M, and -40°C to 125°C for TLC374Q. MAX is 70°C for TLC374C, 85°C TLC3741, and 125°C for the TLC374M, and 125°C for TLC374Q. IMPORTANT: See 
Parameter Measurement Information. 

NOTE 4: The offset voltage limns given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-I<Q resistor between the output and VDD. They can 
be verified by applying the limit value to the input and checking for the appropriate output state. 

switching characteristics, Voo = 5 V, TA = 25°C 
TLC374C, TLC3741 

PARAMETER TEST CONDITIONS TLC374M, TLC374Q UNIT 

MIN TYP MAX 

RL connected to 5 V through 5.1 kQ, 1100-mV input step with 5-mV overdrive 650 
Response time 

CL= 15pF+, See Note 5 1 TTL-level input step 
ns 

200 

+ CL includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLC374,TLC374Q,TLC374Y 
LinCMOSTMQUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS118A- NOVEMBER 1983- REVISED OCTOBER 1996 

electrical characteristics at specified free-air temperature, Voo = 5 V, TA = 25°C (unless otherwise 
noted) 

TLC374Y 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

VIO Input offset voltage VIC = VICRmin, See Note 4 1 5 mV 

110 Input offset current 1 pA 

liB Input bias current 5 pA 

VICR Common-mode input voltage range OtoVOO-1 V 

10H High-level output current VIO= 1 V, VOH=5V 0.1 nA 

VOL LOW-level output voltage VIO=-l V, IOL=4mA 150 400 mV 

10L LOW-level output current VIO=-l V, VOL = 1.5mV 6 16 mA 

100 Supply current (four comparators) VIO=l V, N610ad 300 600 !IA 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V or below 400 mV with a 10-kO resistor 

between the output and VOO. They can be verified by applying the limit value to the inpu1 and checking for the appropriate output state. 

switching characteristics, Voo = 5 V, TA = 25°C 
TLC374Y 

PARAMETER TEST CONDITIONS 
MIN TYP MAX 

RL connected to 5 V through 5.1 kO, 1100-mv input step with 5-mV overdrive 650 
Response time 

CL= 15pFt, See Note 5 I TIL-level input step 200 

t CL includes probe and jig capacitance. 
NOTE 4: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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TLC374,TLC374Q,TLC374V 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCSl18A - NOVEMBER 1983 - REVISED OCTOBER 1996 

PARAMETER MEASUREMENT INFORMATION 

The digital output stage of the TLC374 can be damaged if it is held in the linear region of the transfer curve. 
Conventional operational amplifier/comparator testing incorporates the use of a servo loop that is designed to force 
the device output to a level within this linear region. Since the servo-loop method of testing cannot be used, the 
following alternative for measuring parameters such as input offset voltage, common-mode rejection, etc., are 
offered. 

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 1 (a). With the noninverting input positive with respect to the inverting input, the output should be high. With 
the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages can 
be slewed as shown in Figure 1 (b) for the VieR test, rather than changing the input voltages, to provide greater 
accuracy. 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal, but 
opposite in polarity to the input offset voltage, the output changes state. 

SV lV 

S.l kg S.l k.Q 

Vo 

1 
-=- -4V 

1 
(a) VIO WITH VIC = 0 (b) VIO WITH VIC = 4 V 

Figure 1. Method for Verifying That Input Offset Voltage is Within Specified Limits 
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TLC374,TLC374Q,TLC374V 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS118A -NOVEMBER 1983 - REVISED OCTOBER 1996 

PARAMETER MEASUREMENT INFORMATION 

Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator into the linear region. The circuit consists of a switching-mode servo loop in which U1 a generates a 
triangular waveform of approximately 20-mV amplitude. U1 b acts as a buffer with C2 and R4 removing any residual 
dc offset. The signal is then applied to the inverting input of the comparator under test, while the noninverting input 
is driven by the output of the integrator formed by U1c through the voltage divider formed by R9 and R10. The loop 
reaches a stable operating point when the output of the comparator under test has a duty cycle of exactly 50%, which 
can only occur when the incoming triangle wave is sliced symmetrically or when the voltage at the noninverting input 
exactly equals the input offset voltage. 

Voltage divider R9 and R10 provide a step up of the input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the reading; therefore, it is 
suggested that their tolerance level be 1 % or lower. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current and 
compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board leakage 
can be measured with no device in the socket. Subsequently, this open-socket leakage value can be subtracted from 
the measurement obtained with a device in the socket to obtain the actual input current of the device. 
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C1 
0.1 ~F 

VDD R5 C3 

1.8kQ, 1% 0.68 ~F 

R6 U1c 

5.1 kQ 1/4 TLC274CN 

R7 
1 Mel 

R8 C4 

U1a -= 1.8 kQ, 1% 'I' 0.1 ~F 
-= 

1/4 TLC274CN 

Triangle R9 
Generator R10 10 kQ, 1% 

1000, 1% 

-= 

Figure 2. Test Circuit for Input Offset Voltage Measurement 
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TLC374,TLC374Q,TLC374V 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS118A - NOVEMBER 1983 - REVISED OCTOBER 1996 

PARAMETER MEASUREMENT INFORMATION 

Response time is defined as the interval between the application of an input step function and the instant when the 
output reaches 50% of its maximum value. Response time, low-to-high-Ievel output, is measured from the trailing 
edge of the input pulse. Response-time measurement at low input signal levels can be greatly affected by the input 
offset voltage. The offset voltage should be balanced by the adjustment at the inverting input (as shown in Figure 3) 
so that the circuit is just at the transition point. Then a low signal, for example, 105-mV or 5-mV overdrive, causes 
the output to change state. 

Voo 

5.1 kQ T 111F 

Pulse Generator 

1 v-----, 
CL ':J' (see Note A) 

Input 
Offset Voltage 10 Q ..>4'--'V'I!\r---t>--' 
Compensation 10 Tum 

AdJuatment 
-1 V-----' 

TEST CIRCUIT 

Overdrive _t. --,-__ 
Inp:;f"-=+ ____ ~-

~tm~v Overdrive 

Input ________ 1_ 
-l'

I 

Low-to-Hlglt
Level Output 

I 100mV 

~I --90% 

sd% 
--- 10% 

I I 
I ~tr 

tpLH~ 

High-to-Low
Level Output 

VOLTAGE WAVEFORMS 
NOTE A: CL includes probe and jig capacitance. 

I 

Figure 3. Response, Rise, and Fall Times Test Circuit and Voltage Waveforms 
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TLC374, TLC374Q, TLC374Y 
LinCMOSJM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS11 SA - NOVEMBER 1983 -: REVISED OCTOBER 1996 

PRINCIPLES OF OPERATION 

LinCMOS process 

LinCMOS process is a linear polysilicon-gate complimentary-MOS process. Primarily designed. for single
supply applications, LinCMOS products facilitate the design of a wide range of high-performance analog 
functions from operational amplifiers to complex mixed-mode converters. 

While digital designers are experienced with CMOS, MOS technologies are relatively new for analog designers. 
This short guide is intended to answer the most frequently asked questions related to the quality and reliability 
of LinCMOS products. Further questions should be directed to the nearest TI field sales office. 

electrostatic discharge 

7-158 

CMOS circuits are prone to gate oxide breakdown when exposed to high voltages even if the exposure is only 
for very short periods of time. Electrostatic discharge (ESO) is one of the most common causes of damage to 
CMOS devices. It can occur when a device is handled without proper consideration for environmental 
electrostatic charges, e.g. during board assembly. If a circuit in which one amplifier from a dual operational 
amplifier is being used and the unused pins are left open, high voltages tends to develop. If there is no provision 
for ESO protection, these voltages may eventually punch through the gate oxide and cause the device to fail. 
To prevent voltage build up, each pin is protected by internal circuitry. 

Standard ESO-protection circuits safely shunt the ESO current by providing a mechanism whereby one or more 
transistors break down at voltages higher than normal operating voltages but lower than the breakdown voltage 
of the input gate. This type of protection scheme is limited by leakage currents which flow through the shunting 
transistors during normal operation after an ESO voltage has occurred. Although these currents are small, on 
the order of tens of nanoamps, CMOS amplifiers are often specified to draw input currents as low as tens of 
picoamps. 

To overcome this limitation, TI design engineers developed the patented ESO-protection circuit shown in 
Figure 4. This circuit can withstand several successive 2-kV ESO pulses, while reducing or eliminating leakage 
currents that may be drawn through the input pins. A more detailed discussion of the operation of TI's 
ESO-protection circuit is presented on the next page. 

All input an output pins of LinCMOS and Advanced LinCMOS products have associated ESO-protection 
circuitry that undergoes qualification testing to withstand 2000 V discharged from a 1 OO-pF capacitor through 
a 1500-0 resistor (human body model) and 200 V from a 100-pF capacitor with no current-limiting resistor 
(charged device model). These tests simulate both operator and machine handling of devices during normal 
test and assembly operations. 

R1 Voo 
Input -*"'"--.... -Wv----..... ------+--..... --. To Protected Circuit 

R2 

01 02 03 

Vss -e----.---..... ---e-----..... ---

Figure 4. LinCMOS ESO-Protection Schematic 
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Input protection circuit operation 

TLC374,TLC374Q,TLC374V 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

SLCS118A - NOVEMBER 1983 - REVISED OCTOBER 1996 

PRINCIPLES OF OPERATION 

Texas Instruments patented protection circuitry allows for both positive- and negative-going ESO transients. 
These transients are characterized by extremely fast rise times and usually low energies, and can occur both 
when the device has all pins open and when it is installed in a circuit. 

positive ESD transients 

Initial positive charged energy is shunted through 01 to Vss. 01 turns on when the voltage at the input rises 
above the voltage on VDD by a value equal to the VBE of 01. The base current increases through R2 with input 
current as 01 saturates. The base current through R2 as 01 saturates forces the voltage at the drain and gate 
of 02 to exceed its threshold level (VT - 22 to 26 V) and turn on 02. The shunted input current through 01 to 
Vss is now shunted through the n-channel enhancement-type MOSFET 02 to Vss. If the voltage on the input 
pin continues to rise, the breakdown voltage of d3 is exceeded and all remaining energy is dissipated in R1 and 
03. The breakdown voltage of 03 is designed to be 24 V to 27 V, which is well below the gate oxide voltage of 
the circuit to be protected. 

negative ESD transients 

The negative charged ESO transients are shunted directly through 01. Additional energy is dissipated in R1 
and 02 as 02 becomes forward-biased. The voltage seen by the protected circuit is -0.3 V to -1 V (the forward 
voltage of 01 and 02). 

circuit-design considerations 

LinCMOS products are being used in actual circuits environments that have input voltages that exceed the 
recommended common-mode input voltage range and activate the input protection circuit. Even under normal 
operation, these conditions occur during circuit power up or power down, and in many cases, when the device 
is being used for a signal conditioning function. The input voltages can exceed VieR and not damage the device 
only if the inputs are current limited. The recommended current limit shown on most product data sheets is 
±5 mAo Figures 5 and 6 show typical characteristics for input voltage vs input current. 

Normal operation and correct output state can be expected even when the input voltage exceeds the positive 
supply voltage. The input current should be externally limited even through internal positive current limiting is 
achieved in the input protection circuit by the action of 01. When 01 is on, it saturates and limit the current to 
approximately 5-mA collector current by design. When saturated, 01 base current increases with input current. 
This current is forced into the VDD pin and into the device IDD orthe VDD supply through R2 producing the current 
limiting effects shown in Figure 5. This internal limiting lasts only as long as the input voltage is below the VT 
of 02. 

When the input voltage exceeds the negative supply voltage, normal operation is affected and output voltage 
states may not be correct. Also, the isolation between channels of multiple devices (duals and quads) can be 
severely affected. External current limiting must be used since this current is directly shunted by 01 and 02, 
and no internal limiting is achieved. If normal output voltage states are required, an external input voltage clamp 
is required (see Figure 7). 
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t The dashed line identifies an area of operation where some 
degradation of parametric performance may be experienced. 

t The dashed line identifies an area of operation where some 
degradation of parametric performance may be experienced. 
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Figure 5 

Voo 

114 
TLC374 

Figure 6 

Positive Voltage Input Current Limit: 

+V,- VOO-O.3 V 

SmA 

Negative Voltage Input Current Limit: 

-V, - VOO - (0.3 V) 
R, = ---S-m-A---

NOTE A: If the correct output state is required when the negative input exceeds VSS. a Schotty clamp is required. 

Figure 7. Typical Input Current-Limiting Configuration for a LinCMOS Comparator 
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TLC193, TLC393 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATOR 

SLCS115B - DECEMBER 1986 - REVISED FEBRUARY 1997 

• Very Low Power ... 110 I!W Typ at 5 V 

• Fast Response Time .•. tpLH = 2.5 I!s Typ 
With 5-mV Overdrive 

• Single Supply Operation: 
TLC393C ... 3 V to 16 V 
TLC3931 ... 3 V to 16 V 
TLC393M ... 4 V to 16 V 
TLC193M ... 4 V to 16 V 

• On-Chip ESD Protection 

description 

The TLC193 and TLC393 consist of dual 
independent micropower voltage comparators 
designed to operate from a single supply. It is 
functionally similar to the LM393 but uses 
one-twentieth the power for similar response 
times. The open-drain MOS output stage 
interfaces to a variety of loads and supplies. For 
a similar device with a push-pull output 
configuration (see the TLC3702 data sheet). 

0, JG, P, OR PW PACKAGE 
(TOP VIEW) 

10UTu8 VDD 
11N- 2 7 20UT 

11N+ 3 6 21N-

GND 4 5 21N+ 

FKPACKAGE 
(TOP VIEW) 

t-
:::> 0 

~9~$l~ 

NC 
3 2 1 2019 

NC 4 18 
11N- 5 17 20UT 

NC 6 16 NC 

11N+ 7 15 21N-

NC 8 14 NC 
9 1011 1213 

0 00 +0 
Z Z Z Zz 

C!l C\i 

NC - No internal connection 

Texas Instruments LinCMOSTM process offers 
superior analog performance to standard CMOS 
processes. Along with the standard CMOS 
advantages of low power without sacrificing 
speed, high input impedance, and low bias 
currents, the LinCMOSTM process offers ex
tremely stable input offset voltages, even with 
differential input stresses of several volts. This 
characteristic makes it possible to build reliable 
CMOS comparators. 

symbol (each comparator) 

The TLC393C is characterized for operation over 
the commercial temperature range of O°C to 70°C. 
The TLC3931 is characterized for operation over 
the extended industrial temperature range of 
- 40°C to 85°C. The TLC193M and TLC393M are 
characterized for operation over the full military 
temperature range of - 55°C to 125°C. 

AVAILABLE OPTIONS 

TA 
VIOmax 

SMALL OUTLINE CHIP CARRIER at 25°C 
(D) (FK) 

IN+:[>- OUT 
IN-

PACKAGES 

CERAMIC DIP PLASTIC DIP TSSOP 
(JG) (P) (PW) 

O°C to 70°C 5mV TLC393CD - - TLC393CP TLC393CPWLE 

- 40°C to 85°C 5mV TLC3931D - - TLC3931P TLC3931PWLE 

- 55°C to 125°C 5mV TLC393MD TLC193MFK TLC193MJG TLC393MP -
t The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLC393CDR). 

LinCMOS is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA infOrmation is current 8S of publication date. 
Products conform to speclflcatlons per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

Copyright © 1997, Texas Instruments Incorporated 
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TLC193, TLC393 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATOR 

SLCS115B - DECEMBER 1 986 ~ REVISED FEBRUARY 1997 

schematic 

OPEN-DRAIN CMOS OUTPUT 

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

Supply voltage range, VDD (see Note 1) ............................................ - O.S V to 18 V 
Differential input voltage, VID (see Note 2) .................................................. ± 18 V 
Input voltage range, VI ............................................................ - O.S V to VDD 
Output voltage range, Vo ......................................................... - O.S V to 16 V 
Input current, II ......................................................................... ± 5 mA 
Output current, 10 (each output) .......................................................... 20 mA 
Total supply current into VDD ........................................................ ; ...... 40 mA 
Total current out of GND ................................................................... 40 mA 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range: TLCS9SC ....................................... O°C to 70°C 

TLCS9S1 ..................................... - 40°C to 85°C 
TLCS9SM ................................... - 55°C to 125°C 
TLC19SM ................................... - 55°C to 125°C 

Stbrage temperature range ....................................................... - 65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... SOO°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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at IN+ with respect to IN-. 

DISSIPATION RATING TABLE 

TA~25°C DERATING FACTOR TA=70°C TA = 85°C PACKAGE 
POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING 

D 725mW 

FK 1375mW 

JG 1050mW 

P 1000mW 

PW 525mW 

7-162 

5.8mW/oC 464mW 

11.0mW/oC 880mW 

8.4 mW/oC 672mW 

8.0mW/~C 640mW 

4.2mW/oC 336mW 
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377mW 

715mW 

546mW 

520mW 

273mW 

TA = 125°C 
POWER RATING 

-
275mW 

210mW 

-

-



TLC193, TLC393 
DUAL MICRO POWER LinCMOSTM VOLTAGE COMPARATOR 

SLCSl15B - DECEMBER 1986 - REVISED FEBRUARY 1997 

recommended operating conditions 

TLC393C 
UNIT 

MIN NOM MAX 

Supply voltage, VOO 3 5 16 V 

Common-mode input voltage, VIC --0.2 VOO-1.5 V 

low-level output current, 10l 20 mA 

Operating free-air temperature, TA 0 70 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

TEST CONDITIONSt 
TLC393C 

PARAMETER TA 
MIN TYP 

VIC = VICRmin, 25°C 1.4 
Via Input offset vo~age VOO = 5 V to 10 V, 

See Note 3 O°C to 70°C 

25°C 1 
110 Input offset current VIC = 2.5 V 

70°C 

25°C 5 
liB Input bias current VIC=2.5V 

70°C 

25°C OtoVOO-l 
VICR Common-mode input voltage range 

O°Cto 70°C Oto VOO-1.5 

25°C 84 

CMMR Common-mode rejection ratio VIC = VICRmin 70°C 84 

O°C 84 

25°C 85 

kSVR Supply-voltage rejection ratio VOO= 5 Vto 10V 70°C 85 

O°C 85 

VIO=-l V, 25°C 300 
Val Low-level output voltage 

IOL=6mA 70°C 

VIO= 1 V, 25°C 0.8 
10H High-level output current 

VO=5V 70°C 

Outputs low, 25°C 22 
100 Supply current (both comparators) No load O°C to 70°C 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset vo~age limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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UNIT 
MAX 

5 
mV 

6.5 

pA 

0.3 nA 

pA 

0.6 nA 

V 

dB 

dB 

400 
mV 

650 

40 nA 

1 j.lA 

40 

50 
j.lA 
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recommended operating conditions 
TLC3931 

MIN NOM MAX 
UNrr 

Supply voltage, VOO 3 5 16 V 

Common-mode input voltage, VIC -0.2 VOO-1.5 V 

Low-level output current, IOL 20 mA 

Operating free-air temperature, TA -40 85 OC 

electrical characteristics at specified operating free-air temperature, VDD = 5 V (unless otherwIse 
noted) 

. TEST CONDITIONSt 
TLC3931 

PARAMETER TA 
MIN TYP 

VIC = VICRmin, 25°C 1.4 
VIO Input offset voltage VOO = 5 Vto 10V, 

See Note 3 - 40°C to 85°C 

110 Input offset current VIC=2.5V 
25°C 1 

85°C 

liB Input bias current VIC=2.5V 
25°C 5 

85°C 

25°C OtoVOO-1 
VICR Common-mode input voltage range 

- 40°C to 85°C OtoVOO-1.5 

25°C 84 

CMMR Common-mode rejection ratio VIC = VICRmin 85°C 84 

-40°C 84 

25°C 85 

kSVR Supply-voltage rejection ratio VOO= 5 Vto 10V 85°C 85 

_40°C 84 

VIO=-1V, 25°C 300 
VOL Low-level output voltage 

IOL=6mA 85°C 

VID = 1 V, 25°C 0.8 
10H High-level output current 

VO=5V 85°C 

100 Supply current (both comparators) 
Outputs low, 25°C 22 
No load - 40°C to 85°C 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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UNrr 
MAX 

5 
mV 

7 

pA 

1 nA 

pA 

2 nA 

V 

dB 

dB 

400 
mV 

700 

40 nA 

1 J.lA 
40 

65 
J.lA 
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recommended operating conditions 

TLC193M,TLC393M 
UNIT 

MIN NOM MAX 

Supply voltage, VOO 4 5 16 V 

Common-mode input voltage, VIC 0 VOO-1.5 V 

Low-level output current, IOL 20 mA 

Operating free-air temperature, TA -55 125 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt TA 
TLC193M, TLC393M 

UNIT 
MIN TVP MAX 

VIC = VICRmin, 25°C 1.4 5 
VIO Input offset voltage VOO=5Vt010V, mV 

See Note 4 - 55°C to 125°C 10 

25°C 1 pA 
110 Input offset current VIC=2.5 V 

125°C 15 nA 

25°C 5 pA 
liB Input bias current VIC=2.5 V 

125°C 30 nA 

25°C OtoVOO-1 
VICR Common-mode input voltage range V 

- 55°C to 125°C OtoVOO-1.5 

25°C 84 

CMMR Common-mode rejection ratio VIC = VICRmin 125°C 84 dB 

-55°C 84 

25°C 85 

kSVR Supply-voltage rejection ratio VOO = 5 V to 10 V 125°C 84 dB 

-55°C 84 

VIO=-1 V, 25°C 300 400 
VOL LOW-level output voltage mV 

IOL=6mA 125°C 800 

VIO=1 V, 25°C 0.8 40 nA 
IOH High-level output current 

VO=5V 125°C 1 IJ.A 
Outputs low, 25°C 22 40 

100 Supply current (both comparators) No load - 55°C to 125°C 90 
IJ.A 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 4: . The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V (with a 2.5-kQ load to 

VOO)· 
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switching characteristics, Voo = 5 V, TA = 25°C (see Figure 3) 

tpLH 

tPHL 

tf 

TLC393C, TLC3931 

PARAMETER TEST CONDITIONS TLC193M,TLC393M UNIT 

MIN TYP MAX 

Overdrive = 2 mV 4.5 

Overdrive = 5 mV 2.5 
Propagation delay time, low-to-high-Ievel f=10kHz, 

Overdrive = 10 mV 1.7 IJ.S output CL= 15 pF 
Overdrive = 20 mV 1.2 

Overdrive = 40 mV 1.1 

VI = l.4-V step at IN + 1.1 

Overdrive = 2 mV 3.6 

Overdrive = 5 mV 2.1 
Propagation delay time, high-to-Iow-Ievel f=10kHz, 

Overdrive = 10 mV 1.3 115 output CL=15pF 
Overdrive = 20 mV 0.85 

Overdrive = 40 mV 0.55 

VI = l.4-V step at IN+ 0.10 

Fall time, output 
f=10kHz, 

Overdrive = 50 mV 22 ns 
CL= 15 pF 

PARAMETER MEASUREMENT INFORMATION 

The TLC393 contains a digital output stage which, if held in the linear region of the transfer curve, can cause 
damage to the device. Conventional operational amplifier/comparator testing incorporates the use of a servo 
loop that is designed to force the device output to a level within this linear region. Since the servo-loop method 
of testing cannot be used, the following alternatives for testing parameters such as input offset voltage, 
common-mode rejection ratio, etc., are suggested. 

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 1 (a). With the noninverting input positive with respect to the inverting input, the output should be high. 
With the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages 
can be slewed as shown in Figure 1 (b) for the VieR test, rather than changing the input voltages, to provide 
greater accuracy. 

AppliedVIO 
Limit 

1 

5V 

(a) ViC '-"!!TH ViC = 0 V 

AppliedVIO 
Limit 

1 

1V 

(b) ViO WITH ViC = 4 V 

Figure 1. Method for Verifying That Input Offset Voltage Is Within Specified Limits 
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PARAMETER MEASUREMENT INFORMATION 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal, 
but opposite in polarity, to the input offset voltage, the output changes states. 

Figure 2 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator in the linear region. The circuit consists of a switching-mode servo loop in which U1A generates 
a triangular waveform of approximately 20-mV amplitude. U1 B acts as a buffer, with C2 and R4 removing any 
residual dc offset. The signal is then· applied to the inverting input of the comparator under test, while the 
noninverting input is driven by the output of the integrator formed by U1 C through the voltage divider formed 
by R9 and R10. The loop reaches a stable operating point when the output of the comparator under test has 
a duty cycle of exactly 50%, which can only occur when the incoming triangle wave is sliced symmetrically or 
when the voltage at the noninverting input exactly equals the input offset voltage. 

The voltage divider formed by R9 and R10 provides an increase in input offset voltage by a factor of 100 to 
make measurement easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the 
reading; therefore, it is suggested that their tolerance level be 1 % or lower. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current 
and compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board 
leakage can be measured with no device in the socket. Subsequently, this open-socket leakage value can be 
subtracted from the measurement obtained with a device in the socket to obtain the actual input current of the 
device. 

C1 
0.1 !iF 

U1B 
114 TLC274CN 

R3 
100~ 

Rl 
240kn 

R2 
10kQ 

-=-

Voo 

-=-

Rl0 
100Q,l% 

R5 
1.Bkn,1% 

R6 
5.1 kQ 

R7 
1 MQ 

RB 
1.Bkn,l% 

R9 
10kQ,1% 

C3 
0.6B !iF 

U1C 
114 TLC274CN 

C4 
T 0.1 flF 

-=-

Figure 2. Circuit for Input Offset Voltage Measurement 
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PARAMETER MEASUREMENT INFORMATION 

Propagation delay time is defined as the interval between the application of an input step function and the instant 
when the output reaches 50% of its maximum value. Propagation delay time, low-to-high-Ievel output is 
measured from the leading edge of the input pulse, while propagation delay time, high-to-Iow-Ievel output, is 
measured from the trailing edge of the input pulse. Propagation delay time measurement at low input signal 
levels can be greatly affected by the input offseLvoltage. The offset voltage should be balanced by the 
adjustment at the inverting input (as shown in Figure 3) so that the circuit is just at the transition point. Then a 
low Signal, for example, 105 mV or 5 mV overdrive, causes the output to change state. 

Pulse 
Generator 

voo 

T 11!F 

Input Offset Voltage 
Compe·nsation 
Adjustment 

1 V --10-g---' 

10 Turn 

-1V----' 

Overdrive 

~. -l 
Input 1-f----

100mV 

I----f 
1 
1 

Low-to-High- 1 

Level Output 1 50% 

1 10. 

1 1 
1-.1 
1 1 
1 

14 tPLH 

TEST CIRCUIT 

Overdrive 

I~m I~~===~_} 
High,to-Low
Level Output 

1 

1 1 

1 1 

iii 10% 

1 1 1 1 

i ~ I ~tf 
1 1 
14 .1 tpHL 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 
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Figure 3. Propagation Delay, Rise Time, and Fall Time Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 

Table of Graphs 

FIGURE 

Distribution 4 

vs Free-air temperature 5 

CMRR Common-mode rejection ratio vs Free-air temperature 6 

kSVR Supply-voltage rejection ratio 

VOL 

IOH 

IDD 

tpLH 

tPHL 

tf 
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10 

o 
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Supply current 

Low-to-high level output propagation delay time 

High-to-Iow level output propagation delay time 
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High-to-Iow level output response 

Fall time 
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VOO=5IV 
VIC = 2_5 V 
TA=25°C 

IIU 

,lSI I~ 
~ 

~ISI 
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VIO - Input Offset Voltage - mV 

Figure 4 

vs Free-air temperature 
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Figure 5 
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L 
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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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vs 

LOW·LEVEL OUTPUT CURRENT 
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Figure 7 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I I 

VOO=5V 
IOL=6mA 

L 
V 

./ 
V 

~V 
V 

........ 

-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

Figure 9 

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 

HIGH-LEVEL OUTPUT CURRENT 
vs 

HIGH-LEVEL OUTPUT VOLTAGE 

. 'A = '25~\'; 

= 85°" 

T =700e 

-

T = 25°e 

jv9H =V?O 

o 2 4 6 8 10 12 14 16 

VOH - High-Level Output Voltage - V 

Figure 10 
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Figure 11 
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Figure 13 

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 CHARACTERISTICS 
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Voo - Supply Voltage - V 

Figure 14 

LOW·TO·HIGH·LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS INPUT OVERDRIVES 

40mV -.{ I I 
20mV-,. 
10mV 
5mV 
2mV 

JJ J 

'$> 
CLI 
'5& 
0., 
1:1:: 

~~ 

5 

0 

Voo - Supply Voltage - V 

Figure 15 
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.. -

TYPICAL CHARACTERISTICS 
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vs 
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Figure 18 

APPLICATION INFORMATION 

The input should always remain within the supply rails in order to avoid forward biasing the diodes in the electrostatic 
discharge (ESO) protection structure. If either input exceeds this range, the device is not be damaged as long as the 
input current is limited to less than 5 rnA. To maintain the expected output state, the inputs must remain within the 
common-mode range. For example, at 25°C with VDD = 5 V, both inputs must remain between -0.2 V and 4 V to assure 
proper device operation. 

To assure reliable operation, the supply should be decoupled with a capacitor (0.1-IlF) positioned as close to the 
device as possible. 

The TLC393 has internal ESO-protection circuits that prevent functional failures at voltages up to 2000 V as tested 
under MIL-STO-883C, Method 3015.2; however, care should be exercised in handling these devices, as exposure 
to ESO may result in the degradation of the device parametric performance. 

Table of Applications 

Pulse-width-modulated motor speed controller 

Enhanced supply supervisor 

Two-phase nonoverlapping clock generator 

Micropower switching regulator 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

FIGURE 

19 

20 

21 

28 

7-173 



TLC193, TLC393 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATOR 

SLCS115B - DECEMBER 1986 - REVISED FEBRUARY 1997 

12V 

5.1 kn 

10kn 

SV 

112TLC393 

APPLICATION INFORMATION 

C2 
(see Note A) T 

-=-

5V 

5V 

10kn 
Motor Speed Control 
Potentiometer 

5V 

Direction 6 
Control 

12V 

DIR 

EN 

-=-

12V 

DIR 

EN 

NOTES: C. The recommended minimum capacitance is 10 ~F to eliminate common ground switching noise. 
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D. Adjust C1 for change in oscillator frequency. 

Figure 19. Pulse-Width-Modulated Motor Speed Controller 
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(see Note A) 
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R1 
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APPLICATION INFORMATION 

5V 

12V 

Vcc 

TL7705A 

REF 

SENSE 5V 

GND 

10 k.Q 

TOIlP 
Reset 

2.5V ... --------~ 
12V 

R2 

To IlP Interrupt 
Early Power Fail 

I 

Monitors 5·VDC Rail 
Monitors 12-VDC Rail 
Early Power Fail Warning 

NOTES: A. V (R1 +R2) 
UNREG = 2.5~ 

B. The value of CT determines the time delay of reset. 

Figure 20. Enhanced Supply Supervisor 
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APPLICATION INFORMATION 

12V 12V 

R1 
1000 
{see Note B) 5.1 kO 

12V 

R2 
1 OUT 

5.kO 

5.1 kO (saeNoteC) 

100kO 12V 

22kO 
C1 

5.1 kO 

I 
0.01 'tl 
(see oteA) 20UT 

100kO 100kO 

R3 
-=- 100kO -=-

12V (saeNote B) 

-=-

10UT ----r--l--
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I I 
I I 

20UT, I I r 
NOTES: A. Adjust C1 for a change in oscillator frequency where: 

111 = 1.85(100 kO)C1 
B. Adjust R1 and R3 to change duty cycle 
C. Adjust R2 to change deadtime 

Figure 21. Two-Phase Nonoverlapplng Clock Generator 
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TLC3702, TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

• Push-Pull CMOS Output Drives Capacitive 
Loads Without Pullup Resistor, 
lo=±8mA 

• Very Low Power .•• 100 /lW Typ at 5 V 

• Fast Response Time .•. tpLH = 2.7 JlS Typ 
With 5-mV Overdrive 

• Single-Supply Operation .•. 3 V to 16 V 
TLC3702M ••. 4 V to 16 V 

• On-Chip ESD Protection 

description 

SLCS01 - REVISED FEBRUARY 1997 

0, JG, OR P PACKAGE 
(TOP VIEW) 

10UT[]B Voo 
11N- 2 7 20UT 
1IN+ 3 6 21N-
GND 4 5 21N+ 

FKPACKAGE 
(TOP VIEW) 

I-
::::> 0 

~S2~$l~ 

NC NC 
1IN- 20UT 

NC NC 
11N+ 21N-

NC NC 

aoa +a 
z z z Zz 

<!l C\i 

NC - No internal connection 

The TLC3702 consists of two independent 
micropower voltage comparators designed to 
operate from a single supply and be compatible 
with modern HCMOS logic systems. They are 
functionally similar to the LM339 but use 
one-twentieth of the power for similar response 
times. Th~ push-pull CMOS output stage drives 
capacitive loads directly without a 
power-consuming pullup resistor to achieve the 
stated response time. Eliminating the pullup 
resistor not only reduces power dissipation, but 
also saves board space and component cost. The 
output stage is also fully compatible with TTL 
requirements. symbol (each comparator) 
Texas Instruments LinCMOSTM process offers 
superior analog performance to standard CMOS 
processes. Along with the standard CMOS 
advantages of low power without sacrificing 
speed, high input impedance, and low bias 
currents, the LinCMOSTM process offers 
extremely stable input offset voltages with large 
differential input voltages. This characteristic 
makes it possible to build reliable CMOS 
comparators. 

IN+:[>-
OUT 

IN-

The TLC3702C is characterized for operation over the commercial temperature range of O°C to 70°C. The 
TLC37021 is characterized for operation over the extended industrial temperature range of - 40°C to 85°C. The 
TLC3702M is characterized for operation over the full military temperature range of - 55°C to 125°C. The 
TLC3702Q is characterized for operation from - 40°C to 125°C. 

LinCMOS is a trademark of Tex<ls Instruments Incorporated. 

PRODUCTION DATA Infonnatlon 18 current as of publication date. 
Products conform to specifications per the terms of r .... lnstrumenls 
_ W8ITIInty. Production proCOBBlng does not necessarlly Include 
_09 of all perameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1997, Texas Instruments Incorporated 
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TLC3702, TLC3702Q / 
DUAL MICROPOWERLinCMOST~ VOLTAGE COMPARATORS 

S~CS013C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

AVAILABLE OPTIONS 

PACKAGES 

TA 
Vlomax 

SMALL OUTLINE CERAMIC CERAMIC DIP PLASTIC DIP at 25°C 
(D) (FK) (JG) (P) 

O°C to 70°C 5mV TLC3702CD - - TLC3702CP 

- 40°C to 85°C SmV TLC37021D - - TLC37021P 

- 5SoC to 12SoC SmV - TLC3702MFK TLC3702MJG -
- 40°C to 12SoC 5mV - - TLC3702QJG -

The D package IS available taped and reeled. Add R suffix to the device type (e.g., TLC3702CDR). 

functional block diagram (each comparator) 

VDD 

d 
IN+ 

Differential }-Input OUT 
Circuits 

IN- ; 
GND 

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

Supply voltage range, VDD (see Note 1) ............................................ - 0.3 V to 18 V 
Differential input voltage, VID (see Note 2) .................................................. ± 18 V 
Input voltage range, VI ....................................... " . . . . . . . . . . . . . . . . . . . . .. - 0.3 to VDD 
Output voltage range, Vo ......................................................... ,. - 0.3 to VDD 
Input current, II ......................................................................... ± 5 mA 
Output current, 10 (each output) ......................................................... ± 20 mA 
Total supply current into VDD .............................................................. 40 mA 
Total current out of GND .................................................................. 40 mA 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: TLC3702C ...................................... 0 to 70°C 

TLC37021 ................................. - 40°C to 85°C 
TLC3702M ............................... - 55°C to 125°C 
TLC3702Q ............................... - 40°C to 125°C 

Storage temperature range ....................................................... - 65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P 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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at IN+ with respect to IN-. 
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PACKAGE 
TA,,25°C 

POWER RATING 

D 725mW 

FK 1375mW 

JG 1050mW 

p 1000mW 

TLC3702, TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS013C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

DISSIPATION RATING TABLE 

DERATING FACTOR TA = 70°C TA=85°C TA= 125°C 
ABOVE TA = 25°C POWER RATING POWER RATING POWER RATING 

5.B mW/oC 464mW 377mW N/A 

11.0mW/oC 880mW 715mW 275mW 

8.4 mwrc 672mW 546mW 210mW 

8.0 mW/oC 640mW 520mW N/A 

recommended operating conditions 

n..C3702C 
UNIT 

MIN NOM MAX 

Supply voltage, VDD 3 5 16 V 

Common-mode input voltage, VIC -0.2 VDD-1.5 V 

High-level output current, 10H -20 mA 

Low-level output current, 10L 20 mA 

Operating free-air temperature, TA 0 70 °c 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

TEST CONDITIONSt 
TLC3702C 

PARAMETER TA 
MIN TYP 

VDD=5Vto 10V, 25°C 1.2 
Via Input offset voltage VIC = VICRmin, 

See Note 3 O°C to 70°C 

25°C 1 
110 Input offset current VIC = 2.5 V 

70°C 

25°C 5 
liB Input bias current VIC =2.5 V 

70°C 

25°C OtoVDD-l 
VICR Common-mode input voltage range 

O°C to 70°C Oto VDD-l.5 

25°C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 70°C 84 

O°C 84 

25°C 85 

kSVR Supply-voltage rejection ratio VDD=5Vto 10V 70°C 85 

DoC 85 

VID=1 V, 25°C 4.5 4.7 
VOH High-level output voltage . 

IOH=-4mA 70°C 4.3 

VID=-lV, 25°C 210 
VOL LOW-level output voltage 

IOH=4mA 70°C 

Outputs low, 25°C 18 
IDD Supply current (both comparators) No load O°C to 70°C 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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UNIT 
MAX 

5 
mV 

6.5 

pA 

0.3 nA 

pA 

0.6 nA 

V 

dB 

dB 

V 

300 
mV 

375 

40 

50 
~ 
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TLC3702,TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 
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recommended operating conditions 
TLC37021 

MIN NOM 
UNIT 

MAX 

Supply voltage, VOO 3 5 16 V 

Common-mode input voltage, VIC -0.2 VOO-l.5 V 

High-level output current, 10H -20 rnA 

Low-level output current, 10L 20 rnA 

Operating free-air temperature, TA -40 85 bC 

electrical characteristics at specified operating free-air temperature, VDD = 5 V (unless otherwise 
noted) 

TEST CONDITIONSt 
TLC37021 

PARAMETER TA UNIT 
MIN TYP MAX 

VOO = 5 Vto 10V, 25°C 1.2 5 
VIO Input offset voltage VIC = VICRmin, mV 

See Note 3 - 40°C to 85°C 7 

25°C 1 pA 
110 Input offset current VIC=2.5V 

85°C 1 nA 

25°C 5 pA 
liB Input bias current VIC=2.5V 

85°C 2 nA 

25°C 
Oto 

VOO-l 
VICR Common-mode input voltage range V 

- 40°C to 85bC 
Oto 

VOO-l.5 

25°C B4 
CMRR Common-mode rejection ratio VIC = VICRmin 85°C 84 dB 

-40°C B3 

25°C 85 

ksVR Supply-voltage rejection ratio VOO = 5 V to 10 V 85°C 85 dB 

-40°C 83 

25°C 4.5 4.7 
VOH High-level output voltage VIO= 1 V, IOH=-4mA V 

85°C 4.3 

25°C 210 300 
VOL Low-level output voltage V/D=-l V, IOH=-4mA mV 

85°C 400 

25°C 18 40 
100 Supply current (both comparators) Outputs low, No load I!A 

- 40°C to 85°C 65 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3. The offset voltage limits given are the maximum values required to drive the 'output up to 4.5 V or down to 0.3 V. 
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TLC3702,TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS013C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

recommended operating conditions 

TLC3702M 
UNIT 

MIN NOM MAX 

Supply voltage, VOO 4 5 16 V 

Common-mode input voltage, VIC 0 VOO-1.5 V 

High-level output current, 10H -20 rnA 

low-level output current, 10l 20 rnA 

Operating free-air temperature, TA -55 125 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

TEST CONOITIONSt 
TLC3702M 

PARAMETER TA 
MIN TYP 

VOO=5Vto10V, 25°C 1.2 
VIO Inpu1 offset voltage VIC = VICRmin, 

See Note 3 - 55°C to 125°C 

25°C 1 
110 Input offset current VIC = 2.5 V 

125°C 

liB Input bias current VIC=2.5V 
25°C 5 

125°C 

25°C 
Oto 

VOO-1 
VICR Common-mode input voltage range 

- 55°C to 125°C 
Oto 

VOO-1.5 

25°C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 125°C 83 

-55°C 82 

25°C 85 

kSVR Supply-voltage rejection ratio VOO=5Vto10V 125°C 85 

-55°C 82 

25°C 4.5 4.7 
VOH High-level output voltage VIO= 1 V, IOH=-4mA 

125°C 4.2 

25°C 210 
VOL lOW-level output voltage VIO=-l V, IOH=-4mA 

125°C 

25°C 18 
100 Supply current (both comparators) Ou1puts low, No load 

- 55°C to 125°C 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3. The offset voltage IimHs given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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UNIT 
MAX 

5 
mV 

10 

pA 

15 nA 

pA 

30 nA 

V 

dB 

dB 

V 

300 
mV 

500 

40 

90 
!lA 
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recommended operating conditions 
TLC3702Q 

UNIT 
MIN NOM MAX 

Supply voltage, VOO 3 5 16 V 

Common-mode input voltage, VIC -0.2 VOO-1.5 V 

High-level output current, 10H -20 mA 

Low-level output current, 10L 20 mA 

Operating free-air temperature, TA -40 125 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

TEST CONDITIONSt 
TLC3702Q 

PARAMETER TA 
MIN TYP 

VOO = 5 Vto 10V, 25°C 1.2 
VIO Input offset vo~age VIC = VICRmin, 

See Note 3 - 40°C to 125°C 

25°C 1 
110 Input offset current VIC=2.5V 

125°C 

25°C 5 
liB Input bias current VIC=2.5V 

125°C 

25°C 
Oto 

VICR Common-mode input voltage range 
VOO-1 

- 40°C to 125°C 
Oto 

VOO-1.5 

25°C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 125°C 83 

-40°C 83 

25°C 85 

kSVR Supply-voltage rejection ratio VOO=5Vt010V 125°C 85 

-40°C 83 

25°C 4.5 4.7 
VOH High-level output voltage VIO=1 V, IOH=-4mA 

125°C 4.2 

25°C 210 
VOL Low-level output vo~age VIO=-1 V, IOH=-4mA 

125°C 

25°C 18 
100 Supply current (both comparators) Outputs low, No load 

- 40°C to 125°C 
. . t All characteristics are measured with zero common-mode voltage unless otherwise noted . 

NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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UNIT 
MAX 

5 
mV 

10 

pA 

15 nA 

pA 

30 nA 

V 

dB 

dB 

V 

300 
mV 

500 

40 

90 
ItA 
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switching characteristics, Voo = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

Overdrive = 2 mV 

Overdrive = 5 mV 

tpLH Propagation delay time, low-to-high-Ievel outputt 
f=10kHz, 

Overdrive = 10 mV 
CL= 50 pF 

Overdrive = 20 mV 

Overdrive = 40 mV 

VI = 1.4 V step at IN + 

Overdrive = 2 mV 

Overdrive = 5 mV 

tpHL Propagation delay time, high-to-Iow-Ievel outputt f=10kHz, 
Overdrive = 10 mV 

CL= 50 pF 
Overdrive = 20 mV 

Overdrive = 40 mV 

VI = 1.4 V step at IN + 

tf Fall time 
f = 10 kHz, 

Overdrive = 50 mV 
CL=50pF 

tr Rise time 
f=10kHz, 

Overdrive = 50 mV 
CL=50pF 

t Simultaneous switching of inputs causes degradation in output response. 
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TLC3702C, TLC37021 
TLC3702M,TLC3702Q UNIT 

MIN TVP MAX 

4.5 

2.7 

1.9 its 

1.4 

1.1 

1.1 

4 

2.3 

1.5 I!S 
0.95 

0.65 

0.15 

50 ns 

125 ns 
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PRINCIPLES OF OPERATION 

LinCMOSTM process 

The LinCMOSTM process is a linear polysilicon-gate CMOS process. Primarily designed for single-supply 
applications, LinCMOSTM products facilitate the design of a wide range of high-performance analog functions 
from operational amplifiers to complex mixed-mode converters. 

While digital designers are experienced with CMOS, MOS technologies are relatively new for analog designers. 
This short guide is intended to answer the most frequently asked questions related to the quality and reliability 
of LinCMOSTM products. Further questions should be directed to the nearest TI field sales office. 

electrostatic discharge 

CMOS circuits are prone to gate oxide breakdown when exposed to high voltages even if the exposure is only 
for very short periods of time. Electrostatic discharge (ESD) is one of the most common causes of damage to 
CMOS devices. It can occur when a device is handled without proper consideration for environmental 
electrostatic charges, e.g., during board assembly. If a circuit in which one amplifier from a dual op amp is being 
used and the unused pins are left open, high voltages tends to develop. If there is no provision for ESD 
protection, these voltages may eventually punch through the gate oxide and cause the device to fail. To prevent 
voltage buildup, each pin is protected by internal circuitry. 

Standard ESD-protection circuits safely shunt the ESD current by providing a mechanism whereby one or more 
transistors break down at voltages higher than the normal operating voltages but lower than the breakdown 
voltage of the input gate. This type of protection scheme is limited by leakage currents which flow through the 
shunting transistors during normal operation after an ESD voltage has occurred. Although these currents are 
small, on the order of tens of nanoamps, CMOS amplifiers are often specified to draw input currents as low as 
tens of picoamps. 

To overcome this limitation, TI design engineers developed the patented ESD-protection circuit shown in 
Figure 1. This circuit can withstand several successive 2-kV ESD pulses, while reducing or eliminating leakage 
currents that may be drawn through the input pins. A more detailed discussion of the operation of the TI 
ESD-protection circuit is presented on the next page. 

All input and output pins on LinCMOSTM and Advanced LinCMOSTM products have associated ESD-protection 
circuitry that undergoes qualification testing to withstand 2000 V discharged from a 1 OO-pF capacitor through 
a 1500-0 resistor (human body model) and 200 V from a 100-pF capacitor with no current-limiting resistor 
(charged device model). These tests simulate both operator and machine handling of devices during normal 
test and assembly operations. 

voo 
R1 

Input -.-----4It---J\,j\,I'y-__ ----..Jf------4I~ To Protect Circuit 

R2 

01 02 03 

Figure 1. LinCr.10s™ ESC-Piotectioii Sctien18tic 

LinCMOS and Advanced LinCMOS are trademarks of Texas Instruments Incorporated. 
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PRINCIPLES OF OPERATION 

input protection circuit operation 

Texas Instruments patented protection circuitry allows for both positive- and negative-going ESO transients. 
These transients are characterized by extremely fast rise times and usually low energies, and can occur both 
when the device has all pins open and when it is installed in a circuit. 

positive ESD transients 

Initial positive charged energy is shunted through 01 to Vss. 01 turns on when the voltage at the input rises 
above the voltage on the Voo pin by a value equal to the VBE of 01. The base current increases through R2 
with input current as 01 saturates. The base current through R2 forces the voltage at the drain and gate of 02 
to exceed its threshold level (VT - 22 to 26 V) and turn 02 on. The shunted input current through 01 to VSS is 
now shunted through the n-channel enhancement-type MOSFET 02 to Vss. If the voltage on the input pin 
continues to rise, the breakdown voltage of the zener diode 03 is exceeded and all remaining energy is 
dissipated in R1 and 03. The breakdown voltage of 03 is designed to be 24 to 27 V, which is well below the 
gate-oxide voltage of the circuit to be protected. 

negative ESD transients 

The negative charged ESO transients are shunted directly through 01. Additional energy is dissipated in R1 
and 02 as 02 becomes forward biased. The voltage seen by the protected circuit is - 0.3 V to -1 V (the forward 
voltage of 01 and 02). 

circuit-design considerations 

LinCMOSTM products are being used in actual circuit environments that have input voltages that exceed the 
recommended common-mode input voltage range and activate the input protection circuit. Even under normal 
operation, these conditions occur during circuit power up or power down, and in many cases, when the device 
is being used for a signal conditioning function. The input voltages can exceed VieR and not damage the device 
only if the inputs are current limited. The recommended current limit shown on most product data sheets is 
±5 mA. Figure 2 and Figure 3 show typical characteristics for input voltage versus input current. 

Normal operation and correct output state can be expected even when the input voltage exceeds the positive 
supply voltage. Again, the input current should be externally limited even though internal positive current limiting 
is achieved in the input protection circuit by the action of 01. When 01 is on, it saturates and limit the current 
to approximately 5-mA collector current by design. When saturated, 01 base current increases with input 
current. This base current is forced into the VOD pin and into the device IDO or the VOO supply through R2 
producing the current limiting effects shown in Figure 2. This internal limiting lasts only as long as the input 
voltage is below the VT of 02. 

When the input voltage exceeds the negative supply voltage, normal operation is affected and output voltage 
states may not be correct. Also, the isolation between channels of multiple devices (duals and quads) can be 
severely affected. External current limiting must be used since this current is directly shunted by 01 and 02 and 
no internal limiting is achieved. If normal output voltage states are required, an external input voltage clamp is 
required (see Figure 4). 
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PRINCIPLES OF OPERATION 

circuit-design considerations (continued) 
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Figure 2 

Voo 

"" 
/ 

o 
VOO - 0.3 VOO - 0.5 Voo - 0.7 VOO - 0.9 

VI - Input Voltage - V 

Figure 3 

Positive Voltage Input Current Limit: 

VI - Voo - 0.3 V 
RI = SmA 

Negative Voltage Input Current Limit: 
-VI -Voo -(-0.3V) 

RI = SmA 

NOTE A: If the correct input state is required when the negative input exceeds GND, a Schottky clamp is required. 

Figure 4. Typical Input Current-Limiting Configuration fer a LinCMOSTM Comparator 
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PARAMETER MEASUREMENT INFORMATION 

The TLC3702 contains a digital output stage which, if held in the linear region of the transfer curve, can cause 
damage to the device. Conventional operational amplifier/comparator testing incorporates the use of a servo 
loop which is designed to force the device output to a level within this linear region. Since the servo-loop method 
of testing cannot be used, we offer the following alternatives for measuring parameters such as input offset 
voltage, common-mode rejection, etc. 

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 5(a). With the noninverting input positive with respect to the inverting input, the output should be high. 
With the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages 
can be slewed as shown in Figure 5(b) for the VieR test, rather than changing the input voltages, to provide 
greater accuracy. 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal, 
but opposite in polarity, to the input offset voltage, the output changes states. 

Figure 6 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator in the linear region. The circuit consists of a switching mode servo loop in which ICi a generates 
a triangular waveform of approximately 20-mV amplitude. ICi b acts as a buffer, with C2 and R4 removing any 
residual dc offset. The signal is then applied to the inverting input of the comparator under test, while the 
non inverting input is driven by the output of the integrator formed by ICi c through the voltage divider formed 
by R8 and R9. The loop reaches a stable operating point when the output of the comparator under test has a 
duty cycle of exactly 50%, which can only occur when the incoming triangle wave is sliced symmetric;ally or when 
the voltage at the noninverting input exactly equals the input offset voltage. 

Voltage divider R8 and R9 provides an increase in input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, R7, R8, and R9 can significantly influence the accuracy of the reading; therefore, it 
is suggested that their tolerance level be one percent or lower. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current 
and compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board 
leakage can be measured with no device in the socket. Subsequently, this open socket leakage value can be 
subtracted from the measurement obtained with a device in the socket to obtain the actual input current of the 
device. 

ApplledV,O 
Limit 

1 

5V 

(a) V,O WITH v'c = 0 V 

ApplledV,O 
Limit 

1 

1V 

-4V 

(b) V,O WITH V'C = 4 V 

Figure 5. Method for Verifying That Input Offset Voltage Is Within Specified Limits 
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PARAMETER MEASUREMENT INFORMATION 

IC1a 
1/4 TLC274CN 

R1 
240 k.Q 

IC1b 
1/4 TLC274CN 

VDD 

-=-

R5 
1.8k.Q1% 

R6 
1 MO 

R7 
1.8k01% 

C3. 
O.68I1F 

IC1c 
1/4 TLC274CN 

C4 
0.111F 

Via >-...-..... QUOO) 

C1 
0.111F 

7-188 

R3 
1000 

R2 
10 k.Q 

R9 
10001% 

R8 
10 k.Q 1% 

Figure 6. Circuit for Input Offset Voltage Measurement 

Response time is defined as the interval between the application of an input step function and the instant when 
the output reaches 50% of its maximum value. Response time for the low-to-high-Ievel output is measured from 
the leading edge of the input pulse, while response time for the high-to-Iow-Ievel output is measured from the 
trailing edge of the input pulse. Response time measurement at low input signal levels can be greatly affected 
by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting input as 
shQwn in Figure 7, so that the circuit is just at the transition point. A low signal, for example 105-mV or 5-mV 
overdrive, causes the output to change state. 
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TLC3702,TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS013C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

PARAMETER MEASUREMENT INFORMATION 

Pulse 
Generator 

1Y----, 
100 

Yoo 

CL 1D-Turn 
Potentiometer (see Note A) 

-1Y 

Overdrive 

*-f----t 
Input I 100 mY 

I----f 
I 
I 

Low-to-Hlgh I 50% 
Level Output I 

I 10% 

I I 

1-1 
I 
14 tPLH 

TEST CIRCUIT 

Overdrive 

Input 1~11 
-~====1=f 

I 

High-to-Low I 
Level Output I 

I 
I 
I 
I 
I 
I 
14 

YOLTAGE WAYEFORMS 

NOTE A: CL includes probe and jig capacitance. 

10% 

I 

~tf 

tPHL 

Figure 7. Response, Rise, and Fall Times Circuit and Voltage Waveforms 
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TLC3702,TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCSOj3C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

TYPICAL CHARACTERISTICSt 

Table of Graphs 
FIGURE 

~ c 
::::I 

'0 
j 
E 
::I 
Z 

VIO Input offset voltage 

liB Input bias current 

CMRR Common-mode rejection ratio 

ksVR Supply-voltage rejection ratio 

VOH 

VOL 
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tpHL 
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Low-level output voltage 

Transition time 

Supply current response 

Low-to-high-Ievel output response 

High-to-Iow level output response 

Low-to-high level output propagation delay time 

High-to-Iow level output propagation delay time 

Supply current 

DISTRIBUTION OF INPUT 
OFFSET VOLTAGE 

V06=5IV J J 
VIC = 2.5 V.1. I 
TA=25°C 
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From 4 Wafer Lots 

Distribution 

vs Free-air temperature 

vs Free-air. temperature 

vs Free-air temperature 

vs Free-air temperature 
vs High-level output current 

vs Low-level output current 
vs Free-air temperature 

vs Load capacitance 

vsTime 

Low-to-high level output propagation delay time 

High-to-Iow level output propagation delay time 

vs Supply voltage 

vs Supply voltage 
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vs Supply voltage 
vs Free-air temperature 
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vs 

8 

9 
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11 
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VIO - Input Offset Voltage - mV 

Figure 8 

0.001 
25 50 75 100 

TA - Free-Air Temperature - °C 

Figure 9 

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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TLC3702, TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS013C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

TYPICAL CHARACTERISTICSt 

COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 
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c o 

90 

88 

86 

84 

SUPPLY VOLTAGE REJECTION RATIO 
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Figure 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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Figure 12 
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Figure 11 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

-2.5 -5 -7.5 -10 -12.5 -15 -17.5 -20 

IOH - High-Level Output Current - mA 

Figure 13 

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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TLC3702,TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCSOl3C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

~ 

250 

225 

200 

TYPICAL CHARACTERISTICSt 

LOW·LEVEL OUTPUT VOLTAGE 
va 

LOW·LEVEL OUTPUT CURRENT 
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IOL - Low·Level Output Current - mA 

Figure 14 
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Figure 15 

SUPPLY CURRENT RESPONSE 
TO AN OUTPUT VOLTAGE TRANSITION 
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Figure 17 

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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TLC3702, TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS013C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

TYPICAL CHARACTERISTICS 

LOW-TO-HIGH-LEVEL OUTPUT RESPONSE 
FOR VARIOUS INPUT OVERDRIVES 

40mV ---I ~ I 
20mV -

f-- 10mV 
5mV 
2mV 

J JJ J 

VOO=5V 
TA = 25°C 
CL=50pF -

I I 
o 2 3 4 

tpLH - Low-to-Hlgh-Level Output 
Response Time -118 

Figure 18 

LOW-TO-HIGH-LEVEL 
OUTPUT RESPONSE TIME 
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Figure 20 
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HIGH-To-LOW-LEVEL OUTPUT RESPONSE 
FOR VARIOUS INPUT OVERDRIVES 
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Figure 19 
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OUTPUT RESPONSE TIME 
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Figure 21 
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TLC3702,TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS013C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

TYPICAL CHARACTERIS.TICSt 
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Figure 23 
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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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TLC3702, TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS013C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

APPLICATION INFORMATION 

The inputs should always remain within the supply rails in order to avoid forward biasing the diodes in the 
electrostatic discharge (ESD) protection structure. If either input exceeds this range, the device is not damaged 
as long as the input is limited to less than 5 mAo To maintain the expected output state, the inputs must remain 
within the common-mode range. For example, at 25°C with VDD = 5 V, both inputs must remain between 
- 0.2 V and 4 V to ensure proper device operation. 

To ensure reliable operation, the supply should be decoupled with a capacitor (0.1 IlF) that is positioned as close 
to the device as possible. 

The TLC3702 has internal ESD-protection circuits that prevent functional failures at voltages up to 2000 V as 
tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these devices as 
exposure to ESD may result in the degradation of the device parametric performance. 

Table of Applications 
FIGURE 

Pulse-width-modulated motor speed controller 25 

Enhanced supply supervisor 26 

Two-phase nonoverlapping clock generator 27 

Micropower switching regulator 28 

12V 

DIR 
5V 

EN 
112TLC3702 

100 k.Q 
-:: 

10 k.Q 

C1 Motor 

0.01 't: 
(see ote B) 12V 

-:: -:: 

DIR 
10 k.Q 

5V EN 
-:: 10 k.Q 

Motor Speed Control 
Potentiometer 

-:: 
-:: 5V 

Direction 
6 

Control 

-:: 

NOTES: D. The recommended minimum capacitance is 10 I1F to eliminate common ground switching noise. 
E. Adjust C1 for change in oscillator frequency. 

Figure 25. Pulse-Width-Modulated Motor Speed Controller 
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TLC3702, TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS013C - NOVEMBER 1986 - REVISED FEBRUARY 1997 

APPLICATION INFORMATION 

12-V 
Sense 

3.3kn 

12 V 

5V 

vee 

RESIN TL7705A 

V(UNREG) 
(see Note A) 

NOTES: A. 

1 kQ 

REF 

2.5V.----------e 

R1 

R2 

(R1 +R2) 
V(UNREG) = 2.5---;:i2 

To flP Interrupt 
Early Power Fall 

B. The value of CT determines the time delay of reset. 
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Figure 26. Enhanced Supply Supervisor 
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T 
-=-

SENSE 5V 

10kn 

RESET 
TOflP 
Reset 

GND 

eT 
(see Note B) 

Monitors 5 VDe Rail 
Monitors 12 VDe Rail 
Early Power Fail Warning 
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12V 

TLC3702, TLC3702Q 
DUAL MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 
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APPLICATION INFORMATION 

I 
Cl 
O.OlI1F 
(see Note A) 

12V 

Rl 
100kn 
(see Note B) 

R2 
5kQ 
(see Note C) 

R3 
100kn 
(see Note B) 

lOUT 

12V 

lOUT 

20UT 

20UT 1L-___ ----J1 
NOTES: A. Adjust Cl for a change in oscillator frequency where: 

llf = 1.85(100 kO)Cl 
B. Adjust Rl and R3 to change duty cycle 
C. Adjust R2 to change deadtime 

Figure 27. Two-Phase Nonoverlapping Clock Generator 
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APPLICATION INFORMATION 

VI = 6 V to 16 V 

IL = 0.01 rnA to 0.25 rnA 

V = 2.5 (R1 + R2) 
o R2 

112 TLC3702 VI 

100kn 
~t-----'-- VI 

100kn 

100kn 

C1 
180j1F 
(s .. NoteA) 

+ 47j1F I Tantalum 

IN5818 

r-----------+-~Ar~~~---._-VO 

R2 
100kn 

100kn 

C2 
100pF 

270kn 

LM385 
2.5 V 

NOTES: A. Adjust C1 for a change in oscillator frequency 
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B. TLC271 - Tie pin 8 to pin 7 for low bias operation 
C. SK9504 - VOS = 40 V 

10S= 1 A 
O. To achieve microampere current drive, the inductance of the circuit must be increased. 

Figure 28. Micropower Switching Regulator 
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TLC3704,TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

• Push-Pull CMOS Output Drives Capacitive 
Loads Without Pullup Resistor, 
·o=±8mA 

• Very Low Power ••• 200 ~W Typ at 5 V 

• Fast Response Time •.• tpLH = 2.7 ~s Typ 
With 5-mV Overdrive 

• Single Supply Operation ••• 3 V to 16 V 
TLC3704M ••• 4 V to 16 V 

• On-Chip ESD Protection 

description 

The TLC3704 consists of four independent 
micropower voltage comparators designed to 
operate from a single supply and be compatible 
with modern HCMOS logic systems. They are 
functionally similar to the LM339 but use 1/20th 
the power for similar response times. The 
push-pull CMOS output stage drives capacitive 
loads directly without a power-consuming pullup 
resistor to achieve the stated response time. 
Eliminating the pullup resistor not only reduces 
power dissipation, but also saves board space 
and component cost. The output stage is also fully 
compatible with TTL requirements. 

Texas Instruments LinCMOSTM process offers 
superior analog performance to standard CMOS 
processes. Along with the standard CMOS 
advantages of low power without sacrificing 
speed, high input impedance, and low bias 
currents, the LinCMOS process offers extremely 
stable input offset voltages with large differential 
input voltages. This characteristic makes it 
possible to build reliable CMOS comparators. 

D, J, OR N PACKAGE 
(TOP VIEW) 

lOUT 1 30UT 
40UT 
GND 

VDD 4 

NC 5 
21N- 6 

NC 7 

21N+ 8 

11 41N+ 
41N-

FKPACKAGE 
(TOP VIEW) 

5!5 u 55 
~s?z~~ 

3 2 1 2019 
GND 18 

17 NC 

16 41N+ 
15 NC 
14 41N-

9 10 11 12 13 

NC - No intemal connection 

symbol (each comparator) 

IN+ 

IN-

The TLC3704C is characterized for operation over the .commercial temperature range of O°C to 70°C. The 
TLC37041 is characterized for operation over the extended industrial temperature range of - 40°C to 85°C. The 
TLC3704M is characterized for operation over the full military temperature range of - 55°C to 125°C. The 
TLC3704Q is characterized for operation from - 40°C to 125°C. 

LinCMOS is a trademark of Texas Instruments Incorporated. 
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TLC3704, .TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS117A - NOVEMBER 1986 - REVISED OCTOBER 1996 

AVAILABLE OPTIONS 

PACKAGE 

TA 
Vlomax 

SMALL OUTLINE CERAMIC CERAMIC DIP PLASTIC DIP at 25°C 
(D) (FK) (J) (N) 

O°Cto 70°C 5mV TLC3704CD - - TLC3704CN 

- 40°C to 85bC 5mV TLC3704ID - - TLC37041N 

- 55°C to 125°C 5mV - TLC3704MFK TLC3704MJ -
- 40°C to 125°C 5mV - - TLC3704QJ -

The D package IS available taped and reeled. Add R suffix to the device type (e.g., TLC3704CDR). 

functional block diagram (each comparator) 

VDD 

d 
IN+ 

Differential }-Input OUT 
Circuits 

IN-

1 
GND 

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

Supply voltage range, Voo (see Note 1) ............................................ - 0.3 V to 18 V 
Differential input voltage, VIO (see Note 2) .................................................. ± 18 V 
Input voltage range, VI .................................................... ;......... - 0.3 to Voo 
Output voltage range, Vo ........................................................... - 0.3 to Voo 
Input current, II ......................................................................... ± 5 mA 
Output current, 10 (each output) ......................................................... ± 20 mA 
Total supply current into Voo .............................................................. 40 mA 
Total current out of GND .................................................................. 60 mA 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: TLC3704C ...................................... 0 to 70°C 

TLC37041 .................................. - 40°C to 85°C 
TLC3704M ................................ - 55°C to 125°C 
TLC3704Q ................................ - 40°C to 125°C 

Storage temperature range ....................................................... - 65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ................ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J 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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at IN+ with respect to IN-. 
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TLC3704, TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCSl17A - NOVEMBER 1986 - REVISED OCTOBER 1996 

PACKAGE 

D 
FK 
J 
N 

TA,,25°C 
POWER RATING 

950mW 
1375mW 
1375mW 
1150mW 

DISSIPATION RATING TABLE 

DERATING FACTOR TA = 70°C 
ABOVE TA = 25°C POWER RATING 

7.6 mW/oC 608mW 
11.0mW/oC 880mW 
11.0mW/oC 880mW 
9.2 mW/oC 736mW 

recommended operating conditions 

TA=85°C TA = 125°C 
POWER RATING POWER RATING 

494mW N/A 
715mW 275mW 
715mW 275mW 
598mW N/A 

TLC3704C 

MIN NOM MAX 

Supply voltage, VDD 3 5 16 

Common-mode input voltage, VIC -0.2 VDD-l.5 

High-level output current, 10H 

Low-level output current, 10L 

Operating free-air temperature, TA 0 

electrical characteristics at specified operating free-air temperature, VOO = 5 V 
(unless otherwise noted) 

TEST CONDITIONSt 
TLC3704C 

PARAMETER TA 
MIN TYP 

VDD = 5 V to 10 V, 25°C 1.2 
Via Input offset voltage 

VIC = VICRmin, See Note 3 O°C to 70°C 

25°C 1 
110 Input offset current VIC=2.5V 

70°C 

25°C 5 
liB Input bias current VIC=2.5 V 

70°C 

25°C 
Oto 

VICR Common-mode input voltage range 
VDD-l 

O°Cto 70°C 
Oto 

VDD-l.5 

25°C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 70°C 84 

O°C 84 

25°C 85 

kSVR Supply-voltage rejection ratio VDD=5Vtol0V 70°C 85 

O°C 85 

25°C 4.5 4.7 
VOH High-level output voltage VID=1 V, IOH=-4mA 

70°C 4.3 

25°C 210 
VOL Low-level output voltage VID=-1 V, IOH=4mA 

70°C 

25°C 35 
IDD Supply current (all four comparators) Outputs low, No load 

O°C to 70°C 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 
NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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-20 

20 

70 

MAX 

5 

6.5 

0.3 

0.6 

300 

375 

80 

100 

UNIT 

V 

V 

mA 

mA 

°C 

UNIT 

mV 

pA 

nA 

pA 

nA 

V 

dB 

dB 

V 

mV 

ItA 
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TLC3704, TLC3704Q . 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS117A - NOVEMBER 1~86 - REVISED OCTOBER 1~96 

recommended operating conditions 

TLC37041 
UNIT 

MIN NOM MAX 

Supply voltage, VOO 3 5 16 V 

Common-mode input voltage, VIC -0.2 VOO-1.5 V 

High-level output current, 10H -20 rnA 

low-level output current, 10l 20 rnA 

Operating free-air temperature, TA -40 85 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V, VIC = 0 (unless 
otherwise noted) . 

TLC37041 
PARAMETER TEST CONOITIONS TA 

MIN TVP 

Voo = 5 Vto 10 V, 25°C 1.2 
VIO Input offset voltage 

VIC = VICRmin, See Note 3. -40°C to 85°C 

25°C 1 
110 Input offset current VIC=2.5V 

85°C 

25°C 5 
liB Input bias current VIC = 2.5 V 

85°C 

25°C 
Oto 

VICR Common-mode input voltage range 
VOO-1 

-40°C to 85°C 
Oto 

VOO -1.5 

25°C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 85°C 84 

-40°C 83 

25°C 85 

kSVR Supply-voltage rejection ratio VOO=5Vt010V 85°C 85 

-40°C B3 

25°C 4.5 4.7 
VOH High-level output voltage VID= 1 V, IOH=-4mA 

85°C 4.3 

25°C 210 
VOL low-level output voltage VID=-1 V, IOH=4mA 

85°C .. 

25°C 35 
100 Supply current (all four comparators) Outputs low, No load 

-400C to 85°C 

NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4 . .5 V or down to 0.3 V. 
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UNIT 
MAX 

5 

7 
mV 

pA 

1 nA 

pA 

2 nA 

V 

dB 

dB 

V 

300 
mV 

400 

BO 
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J.lA 
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QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCSI17A - NOVEMBER 1986 - REVISED OCTOBER 1996 

recommended operating conditions 

TLC3704M 
UNIT 

MIN NOM MAX 

Supply voltage, VDD 4 5 16 V 

Common-mode input voltage, V'C 0 VDD-l.5 V 

High-level output current, lOH -20 rnA 

Low-level output current, lOL 20 rnA 

Operating free-air temperature, TA -55 125 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V, VIC = 0 (unless 
otherwise noted) 

TLC3704M 
PARAMETER TEST CONDITIONS TA UNIT 

MIN TVP MAX 

VDD = 5 V to 10 V, 25°C 1.2 5 
V,O Input offset voltage 

V'C = V,CRmin, See Note 3 -55°C to 125°C 10 
mV 

25°C 1 pA ',0 Input offset current V'C =2.5 V 
125°C 15 nA 

25°C 5 pA 
liB Input bias current V'C = 2.5 V 

125°C 30 'nA 

25°C 
Oto 

V,CR Common-mode input voltage range 
VDD-l 

V 

- 55°C to 125°C 
Oto 

VDD -1.5 

25°C 84 

CMRR Common-mode rejection ratio V'C = V,CRmin 125°C 83 dB 

-55°C 82 

25°C 85 

kSVR Supply-voltage rejection ratio VDD = 5 Vto 10V 125°C' 85 dB 

-55°C 82 

25°C 4.5 4.7 
VOH High-level output voltage VID= 1 V, 'OH·=-4mA V 

125°C 4.2 

25°C 210 300 
VOL Low-level output voltage V'D=-l V, 'OH=4mA mV 

125°C 500 

25°C 35 80 
'DD Supply current (all four comparators) Outputs low, No load ~ 

-55°C to 125°C 175 

NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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recommended operating conditions 
TLC3704Q 

UNIT 
MIN NOM MAX 

Supply voltage, VOO 3 5 16 V 

Common-mode input voltage, VIC -0.2 VOO-1.5 V 

High-level output current, 10H -20 mA 

Low-level output current, 10L 20 mA 

Operating free-air temperature, TA -40 125 °C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V, VIC = 0 (unless 
otherwise noted) 

TLC3704Q 
PARAMETER TEST CONDITIONS TA 

MIN TYP 

VOO = 5 V to 10 V, 25°C 1.2 
VIO Input offset voltage 

VIC = VICRmin, See Note 3 -40°C to 125°C 

25°C 1 
110 Input offset current VIC=2.5V 

125°C 

25°C 5 
liB I nput bias current VIC = 2.5 V 

125°C 

Common-mode input voltage 25°C OtoVOO-1 
VICR range -40°C to 125°C Oto VOO-1.5 

25°C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 125°C 83 

-40°C 83 

25°C 85 

kSVR Supply:voltage rejection ratio VOO=5Vt010V 125°C 85 

-40°C 83 

25°C 4.5 4.7 
VOH High-level output voltage VIO=1 V, IOH=-4mA 

125°C 4.2 

VOL Low-level output voltage VIO=-1 V, IOH=4mA 
25°C 210 

125°C 

Supply current (all four 25°C 35 
100 comparators) Outputs low, No load 

-40°C to 125°C 

NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.5 V or down to 0.3 V. 
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UNIT 
MAX 

5 

7 
mV 

pA 

15 nA 

pA 

30 nA 

V 

dB 

dB 

V 

300 
mV 

500 

80 

175 
I1A 



TLC3704, TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS117A-NOVEMBER 1986-REVISEDOCTOBER 1996 

switching characteristics, VDD = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 

Overdrive = 2 mV 

Overdrive = 5 mV 
1=10kHz, 

Overdrive = 10 mV 
tpLH Propagation delay time, low-to-high-Ievel outputt CL=50pF 

Overdrive = 20 mV 

Overdrive = 40 mV 

VI = 1.4-V step at IN+ 

Overdrive = 2 mV 

Overdrive = 5 mV 
1=10kHz, 

Overdrive = 10 mV 
tpHL Propagation delay time, high-to-Iow-Ievel outputt CL=50pF 

Overdrive = 20 mV 

Overdrive = 40 mV 

VI = 1.4-V step at IN+ 

tl Fall time 
f= 10 kHz, 

Overdrive = 50 mV 
CL=50pF 

tr Rise time 
1= 10kHz, 

Overdrive = 50 mV 
CL= 50 pF 

t Simultaneous switching 01 inputs causes degradation in output response. 
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TLC3704C, TLC37041 
TLC3704M,TLC3704Q UNIT 

MIN TYP MAX 

4.5 

2.7 

1.9 

1.4 
~s 

1.1 

1.1 

4 

2.3 

1.5 

0.95 
~ 

0.65 

0.15 

50 ns 

125 ns 
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QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS117A - NOVEMBER 1986 - REVISED OCTOBER 1996 

PRINCIPLES OF OPERATION 

LinCMOS process 

The LinCMOS process is a linear polysilicon-gate CMOS process. Primarily designed for single-supply 
applications, LinCMOS products facilitate the design of a wide range of high-performance analog functions from 
operational amplifiers to complex mixed-mode converters. 

While digital designers are experienced with CMOS, MOS technologies are relatively new for analog designers. 
This short guide is intended to answer the most frequently asked questions related to the quality and reliability 
of LinCMOS products. Further questions should be directed to the nearest TI field sales office. 

electrostatic discharge 

7-206 

CMOS circuits are prone to gate oxide breakdown when exposed to high voltages even if the exposure is only 
for very short periods of time. Electrostatic discharge (ESO) is one of the most common causes of damage to 
CMOS devices. It can occur when a device is handled without proper consideration for environmental 
electrostatic charges, e.g., during board assembly. If a circuit in which one amplifier from a dual op amp is being 
used and the unused pins are left open, high voltages tends to develop. If there is no provision forESO 
protection, these voltages may eventually punch through the gate oxide and cause the device to fail. To prevent 
voltage buildup, each pin is protected by internal circuitry. 

Standard ESO-protection circuits safely shunt the ESO current by providing a mechanism whereby one or more 
transistors break down at voltages higher than the normal operating voltages but lower than the breakdown 
voltage of the input gate. This type of protection scheme is limited by leakage currents which flow through the 
shunting transistors during normal operation after an ESO voltage has occurred. Although these currents are 
small, on the order of tens of nanoamps, CMOS amplifiers are often specified to draw input currents as low as 
tens of picoamps. 

To overcome this limitation, TI design engineers developed the patented ESO-protection circuit shown in 
Figure 1. This circuit can withstand several successive 2-kV ESO pulses, while reducing or eliminating leakage 
currents that may be drawn through the input pins. A more detailed discussion of the operation of the TI 
ESO-protection circuit is presented on the next page. 

All input and output pins on LinCMOS and Advanced Lin CMOS products have associated ESO-protection 
circuitry that undergoes qualification testing to withstand 2000 V discharged from a 1 OO-pF capacitor through 
a 1500-Q resistor (human body model) and 200 V from a 100-pF capacitor with no current-limiting resistor 
(charged device model). These tests simulate both operator and machine handling of devices during normal 
test and assembly operations. 

Voo 
R1 

Input ..... --..... -'\NIv--..-----t---...... To Protected Circuit 

R2 

01 02 03 

GNO ..... ---.---e--e---~~ ...... 

Figure 1. '-inCMOS ESD-Protection Schematic 
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QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 
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PRINCIPLES OF OPERATION 

input protection circuit operation 

Texas Instruments patented protection circuitry allows for both positive- and negative-going ESO transients. 
These transients are characterized by extremely fast rise times and usually low energies, and can occur both 
when the device has all pins open and when it is installed in a circuit. 

positive ESD transients 

Initial positive charged energy is shunted through 01 to Vss. 01 turns on when the voltage at the input rises 
above the voltage on the Voo pin by a value equal to the VBE of 01. The base current increases through R2 
with input current as 01 saturates. The base current through R2 forces the voltage at the drain and gate of 02 
to exceed its threshold level (VT - 22 to 26 V) and turn 02 on. The shunted input current through 01 to VSS is 
now shunted through the n-channel enhancement-type MOSFET 02 to Vss. If the voltage on the input pin 
continues to rise, the breakdown voltage of the zener diode 03 is exceeded and all remaining energy is 
dissipated in R1 and 03. The breakdown voltage of 03 is designed to be 24 to 27 V, which is well below the gate
oxide voltage of the circuit to be protected. 

negative ESD transients 

The negative charged ESO transients are shunted directly through 01. Additional energy is dissipated in R1 
and 02 as 02 becomes forward biased. The voltage seen by the protected circuit is - 0.3 V to -1 V (the forward 
voltage of 01 and 02). 

circuit-design considerations 

LinCMOS products are being used in actual circuit environments that have input voltages that exceed the 
recommended common-mode input voltage range and activate the input protection circuit. Even under normal 
operation, these conditions occur during circuit power up or power down, and in many cases, when the device 
is being used for a signal conditioning function. The input voltages can exceed VieR and not damage the device 
only if the inputs are current limited. The recommended current limit shown on most product data sheets is 
±5 rnA. Figures 2 and 3 show typical characteristics for input voltage versus input current. 

Normal operation and correct output state can be expected even when the input voltage exceeds the positive 
supply voltage. Again, the input current should be externally limited even though internal positive current limiting 
is achieved in the input protection Circuit by the action of 01. When 01 is on, it saturates and limit the current 
to approximately 5-mA collector current by design. When saturated, 01 base current increases with input 
current. This base current is forced into the Voo pin and into the device IOD or the Voo supply through R2 
producing the current limiting effects shown in Figure 2. This internal limiting lasts only as long as the input 
voltage is below the VT of 02. 

When the input voltage exceeds the negative supply voltage, normal operation is affected and output voltage 
states may not be correct. Also, the isolation between channels of multiple devices (duals and quads) can be 
severely affected. External current limiting must be used since this current is directly shunted by 01 and 02 and 
no internal limiting is achieved. If normal output voltage states are required, an external input voltage clamp is 
required (see Figure 4). 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 7-207 



TLC3704, TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 
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PRINCIPLES OF OPERATION 

circuit-design considerations (continued) 
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2 

2 I / 
/ 

J 
° VOO 

VI 

VOO+4 VOO+8 

VI - Input Voltage - V 

Figure 2 

RI 

I 
I Vref I 

See Note A f 
-::- -::-

Voo + 12 

Voo 

-::-

./ V 
° VOO - 0.3 VOO - 0.5 Voo - 0.7 VOO - 0.9 

VI - Input Voltage - V 

Figure 3 

Positive Voltage Input Current Limit: 

VI - Voo - 0.3 V 
RI = 5 rnA 

Negative Voltage Input Current Limit: 

- VI - Voo - (- 0.3 V) 
RI = 5 rnA 

NOTE A: If the correct input state is required when the negative input exceeds GND, a Schottky clamp is required. 

Figure 4. Typical Input Current-Limiting Configuration for a LinCMOS Comparator 
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TLC3704, TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS117A - NOVEMBER 1986 - REVISED OCTOBER 1996 

PARAMETER MEASUREMENT INFORMATION 

The TLC3704 contains a digital output stage which, if held in the linear region of the transfer curve, can cause 
damage to the device. Conventional operational amplifier/comparator testing incDrporates the use of a servo 
loop which is designed to force the device output to a level within this linear region. Since the servo-loop method 
of testing cannot be used, we offer the following alternatives for measuring parameters such as input offset 
voltage, common-mode rejection, etc. 

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 5(a). With the noninverting input positive with respect to the inverting input, the output should be high. 
With the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages 
can be slewed as shown in Figure 5(b) for the VieR test, rather than changing the input voltages, to provide 
greater accuracy. 

AppliedVIO 
Limit 

1 

5V 

(a) VIO WITH VIC = 0 V 

AppliedVIO 
Limit 

1 

1V 

(b) VIO WITH VIC = 4 V 

Figure 5. Method for Verifying That Input Offset Voltage Is Within Specified Limits 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal, 
but opposite in polarity, to the input offset voltage, the output changes states. 

Figure 6 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator in the linear region. The circuit consists of a switching mode servo loop in which IC1a generates 
a triangular waveform of approximately 20-mV amplitude. IC1 b acts as a buffer, with C2 and R4 removing any 
residual d.c. offset. The signal is then applied to the inverting input of the comparator under test, while the 
non inverting input is driven by the output of the integrator formed by IC1 c through the voltage divider formed 
by R8 and R9. The loop reaches a stable operating point when the output of the comparator under test has a 
duty cycle of exactly 50%, which can only occurwhen the incoming triangle wave is sliced symmetrically orwhen 
the voltage at the non inverting input exactly equals the input offset voltage. 

Voltage divider R8 and R9 provides an increase in the input offset voltage by a factor of 100 to make 
measurement easier. The values of R5, R7, R8, and R9 can significantly influence the accuracy of the reading; 
therefore, it is suggested that their tolerance level be one percent or lower. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current 
and compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board 
leakage can be measured with no device in the socket. Subsequently, this open socket leakage value can be 
subtracted from the measurement obtained with a device in the socket to obtain the actual input current of the 
device. 
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PARAMETER MEASUREMENT INFORMATION 

ICla 
1/4 TLC274CN 

Rl 
240kQ 

IClb 
1/4 TLC274CN 

Voo 

-=-

R5 
1.S kQ 1% 

R6 
1 MO 

R7 
1.S kQ 1% 

T 

C3 
0.6SJ.lF 

IC1c 
1/4 TLC274CN 

C4 
0.1 J.lF 

VIO >-......... (X100) 

Cl 
0.1 J.lF 

7-210 

R3 
1000 

R2 
10kQ 

R9 
10001% 

RS 
10 kQ 1% 

Figure 6. Circuit for Input Offset Voltage Measurement 

Response time is defined as the interval between the application of an input step function and the instant when 
the output reaches 50% of its maximum value. Response time for the low-to-high-Ievel output is measured from 
the leading edge of the input pulse, while response time for the high-to-Iow-Ievel output is measured from the 
trailing edge of the input pulse. Response time measurement at low input signal levels can be greatly affected 
by the input offset voltage. The offset voltage should be balanced by the adjustment at the inverting input as 
shown in Figure 7, so that the circuit is just at the transition point. A low signal, for example 105-mV or 5-mV 
overdrive, causes the output to change state. 
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PARAMETER MEASUREMENT INFORMATION 

Pulse 
Generator 

lV----, 

VDD 

CL 
lOU 

10-Turn 
Potentiometer (see Note A) 

-lV 

Overdrive 

*-f----*-Input I 100 mV 

I----f 
I 
I 

Low-ta-High I 
Level Output I 

I 10% 

I I 

:~ 
I 
~14---.t- tpLH 

TEST CIRCUIT 

Overdrive 

Input 1~11 
~====1T 

I 

High-ta-Low I 
Level Output I 

I 
I 
I 
I 
I 
I 
14 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

10% 

I 

~ tf 

tpHL 

Figure 7. Response, Rise, and Fall Times Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
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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 
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~ 
8. 
~ 
~ 
"5 
Co 
"5 
0 

~ 
"5 
Co c 
2; 
aI 
X 
I 
::c 
~ 

TA - Free-Air Temperature - DC 

Figure 11 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

Voo ....",.-,----.---.-.....,..---.----r--""T'"--, 

-1 

-2.5 -5 -7.5 -10 -12.5 -15 -17.5 -20 

IOH - High-Level Output Current - mA 

Figure 13 

t Data at high and low temperatures are applicable only w~hin the rated operating free-air temperature ranges of the various devices. 
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TO AN OUTPUT VOLTAGE TRANSITION 

VOO=5V 
CL=50pF 
f= 10 kHz 

10 

5 

0 1 1 
5 

0 \ / \ 

t-Time 

Figure 17 

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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TLC3704, TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCSl17A - NOVEMBER 1986 - REVISED OCTOBER 1996 

TYPICAL CHARACTERISTICS 

LOW-TO-HIGH-LEVEL OUTPUT RESPONSE 
FOR VARIOUS INPUT OVERDRIVES 

40mV --t ,. { f 
20mV-
10mV 

r-- 5mV 
2mV 

J J J J 

VOO=5V -
TA=25°C 
CL=50pF 

I 
o 2 3 4 

tpLH - Low-to-High-Level Output 
Response Time - !!S 

Figure 18 

LOW-TO-HIGH-LEVEL 
OUTPUT RESPONSE TIME 

vs 

CL=50pF 
TA= 25°C 

SUPPLY VOLTAGE 

'5> 
II.. I 
'5 til 
0 al 

I~ 
~~ 

> li! E 
1:-1 
!6.& 
!.5 S 
is ;g 

5 

5 

0 

100 

0 

6 

HIGH-TO-LOW-LEVEL OUTPUT RESPONSE 
FOR VARIOUS INPUT OVERDRIVES 

\ \ \ \ 40.mV ______ 
20mV-.1 

-10mV 
5mV 
2mV 

l l l 

VOO =5V 
TA=25°C -

I 

CL=50pF 

o 2 3 4 

tpHL - High-to-Low-Level Output 
Response Time - llS 

Figure 19 

HIGH-TO-LOW-LEVEL 
OUTPUT RESPONSE TIME 

vs 
SUPPLY VOLTAGE 

I 
CL=50pF 

5 

5r-~r-~--~---+---+--~~-r--, 5 f- TA= 25°C 

4r-~---+--~--~--+---~~--~ 

31---+---+-

40mV 

"ii 
~ .. 
...J:!' 
;i: I 
o 9l 
...JC 
• 0 
~i" 
,ctll 
.~Ir 
:1:_ 
Iii. 
...J
:1:::1 
11.. 0 -

....... 
4 

3 -
2 -

-

r--.... Overdrive = 2 mV --t------r--

r-t:: -10mV 

20mV 

40mV 

2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16 

Voo - Supply Voltage - V 

Figure 20 
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Voo - Supply Voltage - V 

Figure 21 

7-215 



TLC3704, TLC3704Q 
QUAD MICROPOWER ·LinCMOSTM VOLTAGE COMPARATORS 

SLCSl17A-NOVEMBER 1986- REVISED OCTOBER 1996 

TYPICAL CHARACTERISTICSt 

AVERAGE SUPPLY CURRENT 
(PER COMPARATOR) 

vs 
FREQUENCY 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

10000 80r-~--~---.--'---~--r-~---' 
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::l. 
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::> 
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::> 
III 
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Cl 
I!! 
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lC 
I 
Q 
Q 

> 

r-f: TA = 25°C 
r CL=50pF 
r 

1000 

100 

~I-" 
10 

0.01 

/ 

I-" 

0.1 

Outputs Low 
70 No Loads 1---+------+--+-7"'1----1 

I 11111111 

VOO=16V/ 

lMlr 
10V It 

V 
5V 

II 

4V 
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./ 
...... ~ / 3V 

11111 
10 100 2 4 6 8 10 12 14 16 

f - Frequency - kHz 

Figure 22 

Voo - Supply Voltage - V 

Figure 23 
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SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

VOO=5V 
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"'- ............ r-.... 
r--... -Outputs Low 

'""'"'---r-t--

Outputs High 

-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

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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TLC3704,TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS117A - NOVEMBER 1986 - REVISED OCTOBER 1996 

APPLICATION INFORMATION 

The inputs should always remain within the supply rails in order to avoid forward biasing the diodes in the electrostatic 
discharge (ESO) protection structure. If either input exceeds this range, the device is not damaged as long as the 
input is limited to less than 5 mAo To maintain the expected output state, the inputs must remain within the 
common-mode range. For example, at 25°C with VDD = 5 V, both inputs must remain between - 0.2 V and 4 V to 
ensure proper device operation. To ensure reliable operation, the supply should be decoupled with a capacitor 
(0.1 IlF) that is positioned as close to the device as possible. 

Output and supply current limitations should be watched carefully since the TLC3704 does not provide current 
protection. For example, each output can source or sink a maximum of 20 mA; however, the total current to ground 
can only be an absolute maximum of 60 mA. This prohibits sinking 20 mA from each ofthe four outputs simultaneously 
since the total current to ground would be 80 mAo 

The TLC3704 has internal ESO-protection circuits that prevents functional failures at voltages up to 2000 V as tested 
under MIL-STO-883C, Method 3015.2; however, care should be exercised in handling these devices as exposure 
to ESO may result in the degradation of the device parametric performance. 

Table of Applications 

Pulse-width-modulated motor speed controller 

Enhanced supply supervisor 

Two-phase nonoverlapping clock generator 

Micropower switching regulator 

~TEXAS . 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

FIGURE 

25 

26 

27 

28 
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TLC3704, TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCSlli'A- NOVEMBER 1986- REVISED OCTOBER 1996 

APPLICATION INFORMATION 

112TLC3704 

100kO 

C1 
O.01IJ.F . 
( ... NoteB) 

10kO 

5V 

5V 

10kO 
Motor Speed Control 
Potentiometer 

5V 

Direction 
6 

Control 

12V 

DIR 

EN 

12V 

DIR 

EN 

NOTES: E. The recommended minimum capacitance is 10 IJ.F to.eliminate common ground switching noise. 

7-21B 

F. Adjust C1 for change in oscillator frequency 

Figure 25. Pulse-Width·Modulated Motor Speed Controller 
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.. SN75603 
HaH·H Driver 

Motor 



12-V 
Sense 

V(UNREG) 
(see Note A) 

3.3 k.Q 

1 k.Q 

R1 

NOTES: A. V 5 (R1 +R2) 
(UNREG) = 2. ~ 

TLC3704, TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCSl17A - NOVEMBER 1986 - REVISED OCTOBER 1996 

APPLICATION INFORMATION 

SV 

12V Vee 

>-----1 RESIN 

SENSE SV 

TLnOSA 

10 k.Q 

TOI1P 
Reset 

2.S V e----------.... 

R2 

To I1P Interrupt 
Early Power Fail 

T eT 
(see Note B) 

Monitors S VDe Rail 
Monitors 12 VDe Rail 
Early Power Fall Warning 

B. The value of CT determines the time delay of reset. 

Figure 26. Enhanced Supply Supervisor 
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TLC3704, TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS117A- NOVEMBER 1986 - REVISED OCTOBER 1996 

12V 

100 k.Q 

I 
12 V 

APPLICATION INFORMATION 

Cl 
O.OlIlF 
(see Note A) 

12V 

Rl 
100 k.Q 
(see Note B) 

R2 
5k.Q 
(see Note C) 

R3 
100kQ 
(see Note B) 

12 V 

OUTl 

OUT2 

OUTl --r---l-----
I I 

OUT2-, iiI" 
NOTES: A. Adjust C1 for a change in oscillator frequency where: 

1/f = 1.85(100 k.Q)Cl 

7-220 

B. Adjust R1 and R3 to change duty cycle 
C. Adjust R2 to change deadtime 

Figure 27. Two-Phase Nonoverlapping Clock Generator 
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TLC3704,TLC3704Q 
QUAD MICROPOWER LinCMOSTM VOLTAGE COMPARATORS 

SLCS117A - NOVEMBER 1986 - REVISED OCTOBER 1996 

1/2 TLC3704 

100 k.Q 

100 k.Q 

100kQ 

APPLICATION INFORMATION 

VI ~ 6 V to 16 V 

IL ~ 0.01 mA to 0.25 mA 

V ~ 2.5 (R1 + R2) 
o R2 

1/2 TLC3704 VI 

C1 
180 (.IF 
(see Note A) T 

R1 

IN5818 

+ I 47 (.IF 
Tantalum 

r---------------------+-~V0~~~------------VO 

TLC271 
(see Note B) 

R2 
100kQ 

NOTES: A. Adjust C1 for a change in oscillator frequency 

100 k.Q 

B. TLC271 - Tie pin 8 to pin 7 for low bias operation 
C. SK9504 - VDS = 40 V 

IDS = 1 Awill 

C2 
100 pF 

270 k.Q 
_--...J\IVIr--- VI 

LM385 
2.SV 

100 k.Q 

D. To achieve microampere current drive, the inductance of the circuit must be increased. 

Figure 28. Micropower Switching Regulator 
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TLV1391, TLV1391Y 
SINGLE DIFFERENTIAL COMPARATORS 

• Low-Voltage and Single-Supply Operation 
Vcc=2Vto7V 

• Common-Mode Voltage Range Includes 
Ground 

• Fast Response Time 
0.71ls Typ 

• Low Supply Current 
80 J.IA Typ and 150 J.IA Max 

• Fully Specified at 3-V and 5-V Supply 
Voltages 

• Available in SOT-23 (DBV) Packaging 

description 

IN-

Vcc
IGND 

IN+ 

DBVPACKAGE 
(TOP VIEW) 

OUT 

The TLV1391 is a differential comparator built using a Texas Instruments low-voltage, high-speed bipolar 
process. These devices have been specifically developed for low-voltage, single-supply applications. Their 
enhanced performance makes them excellent replacements for the LM393 in the improved 3-V and 5-V system 
designs of today. 

The TLV1391, with its typical supply current of only 80 IlA, is ideal for low-power systems. Response time has 
also been improved to 0.7 JlS. 

Package availability for this device includes the very small SOT-23 package to reduce board space 
requirements. 

AVAILABLE OPTIONS 

PACKAGED DEVICES CHIP FORM 
TA SYMBOL 

SOT-23 (DBY) (V) 

O°Cto 70°C TLV1391CDBV VABC TLV1391Y 

-40°C to 85°C TLV13911DBV VABI 

tThe DBV package is only available taped and reeled. Chip forms are specified for 
operation at 25°C only. 

symbol (each comparator) 

IN+:[>-
OUT 

IN-

~TEXAS 
INSTRUMENTS 
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TLV1391,TLV1391Y . 
SINGLE DIFFERENTIAL COMPARATORS 

SLC$128A~APRIL 1996-REVISEDAPRIL 1996 

TLV1391, TLV1391Y equivalent schematic 

VCC 

IN+ 

IN-----~~--+-------~--1---~ 

GND OUT 

7-224 

COMPONENT COUNT 

Transistors 26 
Resistors 1 
Diodes 4 
Epi:FET 1 
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TLV1391, TLV1391Y 
SINGLE DIFFERENTIAL COMPARATORS 

SLCS128A-APRIL 1996-REVISEDAPRIL 1996 

TLV1391Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV1391. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

~ ~ ~ 
I I I I J I I I I I I I I I I I I ' I I I I I I I I I I 1 I I I I 

~TEXAS 
INSTRUMENTS 

IN+ 

IN-

VCCJGND 

CHIP THICKNESS: 13 MILS TYPICAL 

BONDING PADS: 3.54 x 3.54 MILS MINIMUM 

TJmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 
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TLV1391, TLV1391V 
SINGLE DIFFERENTIAL COMPARATORS 

SLCSI28A-APRIL 1996-REVISEDAPRIL 1996 

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

Supply voltage, Vee (see Note 1) ........................... :................................ 7 V 
Differential input voltage, VIO (see Note 2) ................................................... ±7 V 
Input voltage, VI (any input) ........................................................ -0.3 V to Vee 
Output voltage, Vo ......................................................................... 7 V 
Output current, 10 (each output) ........................................................... 20 mA 
Duration of short-circuit current to GND (see Note 3) ...................................... unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: C suffix ..... ,................................ O°C to 70°C 

I suffix .................................... -40°C to 85°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 network GND. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. Short circuits from the outputs to Vee can cause excessive heating and eventual destruction of the chip. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s; 25°C DERATING FACTOR TA = 70°C TA = 85°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING 

DBV 150mW 96mW 78mW 

recommended operating conditions 
CSUFFIX I SUFFIX 

Supply voltage, Vee 

Operating free·air temperature, TA 

7-226 
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MIN 

2 

0 

MAX MIN MAX 

7 2 7 

70 -40 ·85 

UNIT 

V 
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TLV1391, TLV1391Y 
SINGLE DIFFERENTIAL COMPARATORS 

SLCSI28A-APRIL 1996-REVISEDAPRIL 1996 

electrical characteristics, Vee = 3 V 

TAt PARAMETER TEST CONDITIONS 
MIN 

25°C 
VIO Input offset voltage VO=1.4V, Vo=VICRmin 

Full range 

25°C 
Oto 

VICR Common-mode input voltage range 
VCC-1.5 

Full range 
Oto 

VCC-2 

VOL Low-level output voltage VID=-1 V, 10L = 500!lA Full range 

25°C 
110 Input offset current VO=1.4V 

Full range 

25°C 
liB Input bias current VO= 1.4V 

Full range 

VID= 1 V, VOH=3V 25°C 
10H High-level output current 

VID=1 V, VOH =5V Full range 

10L Low-level output current VID=-1V, VOL = 1.5 V 25°C 500 

25°C 
ICC(H) High-level supply current VO=VOH 

Full range 

25°C 
ICC(L) Low-level supply current VO=VOL 

Full range 

t Full range IS O°C to 70°C. 

switching characteristics, Vee = 3 V, eL = 15 pFt, TA = 25°e 

PARAMETER 

Response time 

t CL includes the probe and jig capacitance. 

TEST CONDITIONS 

100-mV input step with 5-mV overdrive, 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

RL= 5.1 kn 

TLV1391C 
UNIT 

TYP MAX 

1.5 5 
mV 

9 

Oto 
VCC-1.2 

V 

120 300 mV 

5 50 
nA 

150 

-40 -250 
nA 

-400 

0.1 
nA 

100 

!lA 

80 125 

150 

80 125 
~ 

150 

TLV1391C 
UNIT 

MIN TYP MAX 

0.7 ~ 
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TLV1391, TLV1391Y 
SINGLE DIFFERENTIAL COMPARATORS 

SLCS128A - APRIL 1996 - REVISED APRIL 1996 

electrical characteristics, vee = 5 V 

TAt PARAMETER TEST CONomONS 
MIN 

VIO Input offset voltage VO=I.4V, 
25°C 

VIC = VICRmin 
Full range 

25°C 
Oto 

VCC-l.5 
VICR Common-mode input voltage range 

Full range 
Oto 

VCC-2 

VOL low-level output voltage VIO=-1 V, 10l= 5001JA Full range 

25°C 
110 Input offset current VO= 1.4V 

Full range 

25°C 
118 Input bias current VO=I.4V 

Full range 

VIO=1 V, VOH=3V 25°C 
10H High-level output current 

VIO= 1 V, VOH =5V Full range 

10l low-level output current VIO=-1 V, VOL = 1.5 V 25°C 600 

25°C 
ICC(H) High-level supply current VO=VOH 

Full range 

25°C 
ICC(l) low-level supply current VO=VOl 

Full range 

t Full range IS O°C to 70°C. 

switching characteristics, Vee = 5 V, CL = 15 pR, TA = 25°C 

PARAMETER TEST CONDinONS 

Response time 
100-mV input step with 5-mV overdrive, Rl=5.1 kQ 

.. t Cl Includes the probe and Jig capacitance . 

7-228 

TTL-level input step, 
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Rl=5.1 kQ 

TLV1391C 
UNIT 

TYP MAX 

1.5 5 
mV 

9 

Oto 
VCC-l.2 

V 

120 300 mV 

5 50 
nA 

150 

-40 -250 
nA 

-400 

0.1 
nA 

100 

IJA 
100 150 

175 

100 150 
IJA 

175 

TLVl391C 
UNIT 

MIN TYP MAX 

0.65 

0.18 
lUI 



TLV1391,TLV1391Y 
SINGLE DIFFERENTIAL COMPARATORS 

SLCS128A-APRIL 1996 - REVISED APRIL 1996 

electrical characteristics, Vee = 3 V 

TAt PARAMETER TEST CONDITIONS 
MIN 

25°C 
VIO Input offset voltage VO=1.4V, VIC = VICRmin 

Full range 

25°C 
Oto 

Vec-l.5 
VICR Common-mode input voltage range 

Full range 
Oto 

VCC-2 

VOL Low-level output voltage VID=-l V, OL = 500 !lA Full range 

25°C 
110 Input offset current VO=1.4V 

Full range 

25°C 
liB Input bias current VO= lAV 

Full range 

VID=l V, VOH=3V 25°C 
10H High-level output current 

VID = 1 V, VOH =5V Full range 

10L Low-level output current VID=-l V, VOL=1.5V 25°C 500 

25°C 
ICC(H) High-level supply current VO=VOH 

Full range 

25°C 
ICC(L) Low-level supply current VO=VOL 

Full range 

t Full range is -40°C to 85°C. 

switching characteristics, Vee = 3 V, eL = 15 pFt, TA = 25°C 

PARAMETER 

Response time 
.. t CL Includes the probe and Jig capacitance . 

TEST CONDITIONS 

10o-mV input step with 5-mV overdrive, 

~TEXAS 
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TLV1391I 
UNIT 

TYP MAX 

1.5 5 
mV 

9 

Oto 
VCC-l.2 

V 

120 300 mV 

5 50 
nA 

150 

-40 -250 
nA 

-400 

0.1 
nA 

100 

!LA 
80 125 

150 

80 125 
!LA 

150 

TLV1391I 
UNIT 

MIN TYP MAX 

0.7 !IS 
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TLV1391, TLV1391V 
SINGLE DIFFERENTIAL COMPARATORS 

SLCS128A - APRIL 1996 - REVISED APRIL 1996 

electrical characteristics, Vee = 5 V 

PARAMETER TEST CONDITIONS TAt 
MIN 

25°C 
VIO Input offset voltage VO= 1.4 V, VIC = VICRmin 

Full range 

25°C 
Oto 

VCC-1.5 
VICR Common-mode input voltage range 

Full range 
Oto 

VCC-2 

VOL Low-level output voltage VIO=-1 V, OL = 500 IIA Full range 

110 Input offset current VO= 1.4 V 
25°C 

Full range 

25°C 
liB Input bias current VO= 1.4 V 

Full range 

VIO=1 V, VOH=3V 25°C 
10H High-level output current 

VIO=1 V, VOH=5V Full range 

IOL low-level output current VIO=-1 V, VOL = 1.5 V 25°C 600 

25°C 
ICC(H) High-level supply current VO=VOH 

Full range 

25°C 
ICC(l) low-level supply current VO=VOl 

Full range 

t Full range is -40°C to 85°C. 

switching characteristics, Vee = 5 V, CL = 15 pFt, TA = 25°C 

PARAMETER TEST CONDITIONS 

Response time 
1OO-mV input step with 5-mVoverdrive, Rl= 5.1 kn 

.. 
t CL Includes the probe and JIg capacItance . 
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TTL-level input step, 
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RL=5.1 kn 

TLV1391I 

TYP 
UNIT 

MAX 

1.5 5 
mV 

9 

Oto 
VCC-1.2 

V 

120 300 mV 

5 50 
nA 

150 

-40 -250 
nA 

-400 

0.1 
nA 

100 

IIA 
100 150 

175 

100 150 
!LA 

175 

TLV1391I 
UNIT 

MIN TYP MAX 

0.65 

0.18 
lIS 



TLV1391, TLV1391V 
SINGLE DIFFERENTIAL COMPARATORS 

SLCSI28A-APRIL 1996-REVISEDAPRIL 1996 

electrical characteristics, Vee = 3 V, TA = 25°C 

PARAMETER TEST CONDITIONS 
MIN 

VIO Input offset voltage VO=I.4V. VIC = VICRmin 

VICR Common-mode input voltage range 
Oto 

VCC-l.5 

110 Input offset current VO= 1.4 V 

liB Input bias current VO=I.4V 

10H High-level output current VID= 1 V. VOH=3V 

10l low-level output current VID=-1 V. VOL = 1.5 V 500 

ICC(H) High-level supply current VO=VOH 

ICC(l) low-level supply current VO=VOl 

switching characteristics, Vee = 3 V, CL = 15 pFt, TA = 25°C 

PARAMETER TEST CONDITIONS 

Response time 100-mV input step with 5-mV overdrive. RL= 5.1 kO 
.. t Cl Includes the probe and Jig capacitance . 

electrical characteristics, Vee = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 
MIN 

VIO Input offset voltage VO=I.4V. VIC = VICRmin 

VICR Common-mode input voltage range 

110 Input offset current VO=I.4V 

liB Input bias current Vo = 1.4 V 

10H High-level output current VID= 1 V. VOH=3V 

10l low-level output current VID=-1 V. VOL = 1.5 V 

ICC(H) High-level supply current VO=VOH 

ICC(l) low-level supply current Vo = VOL 

switching characteristics, Vee = 5 V, CL = 15 pFt, TA = 25°C 

PARAMETER 

Response time 

.. t Cl Includes the probe and Jig capacitance . 

TEST CONDITIONS 

100-mV input step with 5-mV overdrive. 

TTL-level input step. 

~TEXAS 
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Oto 
VCC-l.5 

600 

Rl=5.1 kn 

Rl= 5.1 kQ 

TLV1391V 
UNIT 

TYP MAX 

1.5 5 mV 

Oto 
V 

VCC-l.2 

5 50 nA 

-40 -250 nA 

0.1 nA 

!1A 
80 125 

80 125 
!1A 

TLV1391Y 
UNIT 

MIN TYP MAX 

0.7 Ils 

TLV1391Y 
UNIT 

TYP MAX 

1.5 5 mV 

Oto 
V 

VCC-l.2 

5 50 nA 

-40 -250 nA 

0.1 nA 

!1A 
100 150 

100 150 
!1A 

TLV1391Y 
UNIT 

MIN TYP MAX 

0.65 

0.18 
IlS 
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TLV1391, TLV1391V 
SINGLE DIFFERENTIAL COMPARATORS 

SLCS128A-APRIL 1996-REVISEDAPRIL 1996 

TYPICAL CHARACTERISTICS 

Table of Graphs 

FIGURE 

Input overdrives for TLV1391 
l vs Low-to-high-Ievel output response time 1,3 

I vs High-to-Iow-Ievel output response time 2,4 
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TLV1391, TLV1391Y 
SINGLE DIFFERENTIAL COMPARATORS 

SLCS12BA - APRIL 1996 - REVISED APRIL 1996 

TYPICAL CHARACTERISTICS 

LOW-TO HIGH-LEVEL OUTPUT 
RESPONSE FOR VARIOUS INPUT OVERDRIVES 
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20mV-
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_10mV-
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100 
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VCC=3V 
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Low-to High-Level Output Response Time - IlS 

Figure 1 

LOW-TO HIGH-LEVEL OUTPUT 
RESPONSE FOR VARIOUS INPUT OVERDRIVES 
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Figure 3 

HIGH-TO LOW-LEVEL OUTPUT 
RESPONSE FOR VARIOUS INPUT OVERDRIVES 
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HIGH-TO LOW-LEVEL OUTPUT 
RESPONSE FOR VARIOUS INPUT OVERDRIVES 
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TLV1393, TLV1393Y, TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

• Low-Voltage and Single-Supply Operation 
VCc=2Vto7V 

• Common-Mode Voltage Range Includes 
Ground 

• Fast Response Time 
450 ns Typ (TLV2393) 

• Low Supply Current 
0.16 rnA Typ (TLV1393) 

• Fully Specified at 3-V and S-V Supply 
Voltages 

description 

SLCS121A - AUGUST 1993 - REVISED APRIL 1994 

0, P, OR PW PACKAGE 
(TOP VIEW) 

lOUTua Vee 
11N- 2 7 20UT 
11N+ 3 6 21N-
GND 4 5 21N+ 

The TLV1393 and the TLV2393 are dual differential comparators built using a new Texas Instruments 
low-voltage, high-speed bipolar process. These devices have been specifically developed for low-voltage, 
single-supply applications. Their enhanced performance makes them excellent replacements for the LM393 in 
today's improved 3-V and 5-V system designs. 

The TLV1393, with its typical supply current of only 0.16 mA, is ideal for low-power systems. Response time 
has also been improved to 0.7 /lS. For higher-speed applications, the TLV2393 features excellent ac 
performance with a response time of just 0.45 j..LS, three times that of the LM393. 

Package availability for these devices includes the TSSOP (thin-shrink small-outline package). With a 
maximum thickness of 1.1 mm and a package area that is 25% smaller than the standard surface-mount 
package, the TSSOP is ideal for high-density circuits, particularly in hand-held and portable eqUipment. 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

TA 
CHIP FORM 

SUPPLY CURRENT RESPONSE TIME SMALL OUTLINE PLASTIC DIP TSSOP (Y) 
(TYP) (TYP) (D) (P) (PW)t 

-40oe to 105°e 
0.16 rnA 0.71ls TLV13931D TLV13931P TLV13931PWLE TLV1393Y 

1.1 rnA 0.451ls TLV23931D TLV23931P TLV23931PWLE iW2393Y 

t The PW packages are only available left-ended taped and reeled (e.g., TLV1393IPWLE). 

symbol (each comparator) 

IN+:[>-
OUT 

IN-

~TEXAS 
INSTRUMENTS 

copyright © 1994. Texas Instruments Incorporated 
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TLV1393,TLV1393Y,TLV239a, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A- AUGUST 1993 - REVISED APRIL 1994 

TLV1393, TLV1393Y equivalent schematic (each comparator) 

vcc 

IN+ 

IN-----~r---+-------r_--~--~ 

7-236 

GND OUT 

COMPONENT COUNT 

Transistors 44 
Resistors 1 
Diodes 7 
Epi-FET 2 

~TEXAS 
INSTRUMENTS 
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TLV1393, TLV1393Y, TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

TLV2393, TLV2393Y equivalent schematic (each comparator) 

VCC 

IN+ 

IN------1----~----_+--~~~ 

SLCS121A - AUGUST 1993 - REVISED APRIL 1994 

GND OUT 

COMPONENT COUNT 

Transistors 44 
Resistors 1 
Diodes 7 
Epi-FET 2 

~TEXAS 
INSTRUMENTS 
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TLV1393, TLV1393Y, TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A - AUGUST 1993 - REVISED APRIL 1994 

TLV1393Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV1393. 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. 

- 38 

7-238 
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11N+ 

10UT 
11N-

21N+ 
20UT 

21N-

GND 

CHIP THICKNESS: 13 TYPICAL 

BONDING PADS: 3.54 x 3.54 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ± 1 0%. 

ALL DIMENSIONS ARE IN MILS. 

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



TLV1393, TLV1393V, TLV2393, TLV2393V 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A-AUGUST 1993- REVISED APRIL 1994 

TLV2393Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLV2393. 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. 

- 38 

BONDING PAD ASSIGNMENTS 

~ ~ ~ 
I I I ' I I I I I I I 1 I I I I 1 I 1 I I I I I I I I I I I I I I 
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INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

l1N+ 

lOUT 
1IN-

21N+ 
20UT 

21N-

GND 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 3.6 x 3.6 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 
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TLV1393, TLV1393Y, TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A-AUGUST 1993- REVISED APRIL 1994 

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

Supply voltage, Vee (see Note 1) ............................................................ 7 V 
Differential input voltage, VIO (see Note 2). .................................................... 7 V 
Input voltage, VI (any input) ................................................................. 7 V 
Output voltage, Vo ......................................................................... 7 V 
Output current, 10 (each output) ........................................................... 20 mA 
Duration of short-circuit current to GND (sEle Note 3) ...................................... unlimited 
Continuous total dissipation ................. : ..• ;...................... See Dissipation Rating Table 
Operating free-air temperature range, TA ........ :. . . . . . . . • . . .. . . . . . . . . . . . . . . . . . . ... "':40°C to 1 05°C 
Storage temperature range ..................... ~ ... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ....................... , ....... 260°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 network GND. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. Short circuits from the outputs to Vee can cause excessive heating and eventual destruction of the chip. 

DISSIPATION RATING TABLE 

PACKAGE 
TAS25°C DERATING FACTOR TA = 70°C 

POWER RATING ABOVE TA = 25°C POWER RATING 

D 725mW 5.8mW(Oe 464mW 

P 1000mW 8.0mW(Oe 640mW 

PW 525mW 4.2mW/oe 336mW 

recommended operating conditions 

Supply voltage, Vee 

Operating free·air temperature, TA 

7-240 
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TA = 85°C 
POWER RATING 

377mW 

520mW 

273mW 

MIN 

2 

.-40 

MAX UNIT 

7 V 

105 °e 



TLV1393, TLV1393Y, TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A- AUGUST 1993 - REVISED APRIL 1994 

electrical characteristics, Vee = 3 V 

TAt PARAMETER TEST CONDITIONS 
MIN 

25°C 
VIO Input offset voltage VO=1.4V, VIC = VICRmin 

Full range 

25°C 
Oto 

VICR Common-mode input voltage range 
VCC-1.5 

Full range 
Oto 

VCC-2 

VOL low-level output voltage VID=-1 V, 10l= 500 IlA Full range 

110 Input offset current VO=1.4V 
25°C 

Full range 

25°C 
liB Input bias current Vo = 1.4 V 

Full range 

VID= 1 V, VOH=3V 25°C 
10H High-level output current 

VID= 1 V, VOH=5V Full range 

10l low-level output current VIO=-1 V, VOL = 1.5 V 25°C 500 

25°C 
ICCH High-level supply current VO=VOH 

Full range 

25°C 
ICCl low-level supply current Vo = VOL 

Full range 

t Full range IS -40°C to 105°C. 

switching characteristics, Vee = 3 V, CL = 15 pF, T A = 25°C 

PARAMETER TEST CONDITIONS 

Response time 100-mV input step with 5-mVoverdrive, Rl connected to 5 V through 5.1 k.Q 

~TEXAS 
INSTRUMENTS 
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TLV1393 
UNIT 

TYP MAX 

1.5 5 
mV 

120 9 

Oto 
VCC-1.2 

V 

120 300 mV 

5 50 
nA 

150 

-40 -250 
nA 

-400 

0.1 
nA 

100 

IlA 
160 250 

300 

160 250 
IlA 

300 

TLV1393 
UNIT 

MIN TYP MAX 

0.7 lls 

7-241 



TLV1393, TLV1393Y, TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A-AUGUST 1993- REVISED APRIL 1994 

electrical characteristics, Vee = 5 V 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage VO=1.4V. VIC = VICRmin 

TAt 
TlV1393 

MIN TYP 

25°C 1.5 

Full range 

Oto Oto 
25°C 

VCC-1.5 VCC-1.2 
VICR Common-mode input voltage range 

Full range 
Oto 

VCC-2 

VOL Low-level output voltage VIO=-1 V. 10l= 500 IlA Full range 

25°C 
110 Input offset current VO= 1.4 V 

Full range 

25°C 
liB Input bias current VO=1.4V 

Full range 

VIO= 1 V. VOH=3V 25°C 
10H High-level output current 

VIO=1 V. VOH=5V Full range 

10L Low-level output current VIO=-1 V. VOL=1.5V 25°C 600 

25°C 
ICCH High-level supply current VO=VOH 

Full range 

25°C 
ICCl Low-level supply current VO=VOL 

Full range 

t Full range is -40°C to 105°C. 

switching characteristics, Vee = 5 V, CL = 15 pF, TA = 25°C 

PARAMETER TEST CONDITIONS 

Response time 
100-mV input step with 5-mV overdrive. RL connected to 5 V through 5.1 kO 

TIL-level input step. RL connected to 5 V through 5.1 kO 

electrical characteristics, Vee = 3 V, T A = 25°C 

PARAMETER TEST CONDITIONS 
MIN 

VIO Input offset voltage VO=1.4V. VIC = VICRmin 

VICR Common-mode input voltage range 
Oto 

VCC-1.5 

110 Input offset current VO=1.4V 

liB Input bias current VO=1.4V 

10H High-level output current VIO=1 V. VOH=3V 

10L Low-level output current VIO=-1 V. VOL = 1.5 V 500 

ICCH High-level supply current VO=VOH 

ICCL Low-level supply current Vo = VOL 

switching characteristics, Vee = 3 V, CL = 15 pF, TA = 25°C 

PARAMETER TEST CONDITIONS 

Response time 100-mV input step with 5-mV overdrive. RL connected to 5 V through 5.1 kQ 

7-242 
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120 

5 

-40 

0.1 

200 

200 

TlV1393 

MIN TYP 

0.65 

0.18 

TlV1393Y 

TYP 

1.5 

Oto 
VCC-1.2 

5 

-40 

0.1 

160 

160 

TlV1393Y 

MIN TYP 

0.7 

UNIT 
MAX 

5 
mV 

9 

V 

300 mV 

50 
nA 

150 

-250 
nA 

-400 

nA 
100 

IlA 
300 

350 

300 
IlA 

350 

UNIT 
MAX 

I1S 

UNIT 
MAX 

5 mV 

V 

50 nA 

-250 nA 

nA 

IlA 
250 

250 
IlA 

UtJIT 
MAX 

I1S 



TLV1393, TLV1393Y, TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A - AUGUST 1993 - REVISED APRIL 1994 

electrical characteristics, vee = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 
MIN 

VIO Input offset voltage VO=1.4V, VIC = VICRmin 

VICR Common-mode input voltage range 
Oto 

VCC-1.5 

110 Input offset current VO= 1.4V 

liB Input bias current VO=1.4V 

10H High-level output current VIO=1 V, VOH=3V 

10l low-level output current VIO=-1 V, VOl=1.5V 600 

ICCH High-level supply current VO=VOH 

ICCl low-level supply current VO=VOl 

switching characteristics, Vee = 5 V, CL = 15 pF, TA = 25°C 

PARAMETER TEST CONDITIONS 

Response time 
100-mV input step with 5-mV overdrive, Rl connected to 5 V through 5.1 k.Q 

TTL-level input step, RL connected to 5 V through 5.1 k.Q 

~TEXAS 
INSTRUMENTS 
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TlV1393Y 
UNIT 

TYP MAX 

1.5 5 mV 

Oto 
V 

VCC-1.2 

5 50 nA 

-40 -250 nA 

0.1 nA 

J1A 
200 300 

200 300 
J1A 

TlV1393Y 
UNIT 

MIN TYP MAX 

0.65 

0.18 
j.lS 
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TLV1393, TLV1393Y, TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A-AUGUST 1993-REVISEDAPRIL 1994 

electrical characteristics, Vee = 3 V 

PARAMETER TEST CONDITiONS 

VIO Input offset voltage VO=l.4V, VIC" VICRmin 

VICR Common-mode input voltage range 

VID=-l V, IOL= 1 rnA 
VOL Low-level output voltage 

VID=-lV, IOL=4mA 

110 Input offset current VO=l.4V 

liB Input bias current VO=l.4V 

VID=l V, VOH=3V 
IOH High-level output current 

VID=l V, VOH=SV 

IOL LOW-level output current VID=-l V, VOL = 1.5 V 

ICCH High-level supply current VO=VOH 

ICCL LOW-level supply current Vo = VOL 

t Full range is -40°C to 105°C. 

TAt 

2SoC 

Full range 

2SoC 

Full range 

2SoC 

Full range 

2SoC 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

25°C 

Full range 

25°C 

Full range 

switching characteristics, Vee = 3 V, CL = 15 pF, TA = 25°C 

PARAMETER TEST CONDITIONS 

MIN 

Oto 
VCC-l.S 

Oto 
VCC-2 

4 

Response time 100-mV input step with 5-mVoverdrive, RL connected to 5 V through 5.1 k.Q 

7-244 
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TLV2393 
UNIT 

TYP MAX 

1.S S 
mV 

9 

Oto 
VCC-l.2 

V 

80 300 
mV 

2S0 700 

S SO 
nA 

lS0 

-100 -250 
nA 

-400 

0.1 
nA 

100 

rnA 

4S0 600 

700 
I1A 

1.1 1.3 
rnA 

1.4 

TLV2393 
UNIT 

MIN TYP MAX 

0.45 1 I1S 



TLV1393, TLV1393V, TLV2393, TLV2393V 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A - AUGUST 1993 - REVISED APRIL 1994 

electrical characteristics, vee = 5 V 

TAt PARAMETER TEST CONDITIONS 
MIN 

25°C 
VIO Input offset voltage VO= 1.4 V, VIC = VICRmin 

Full range 

25°C 
Oto 

VICR Common-mode input voltage range 
Vec-l.5 

Full range 
Oto 

VCC-2 

VID=-l V, 10L=1 mA 25°C 
VOL Low-level output voltage 

VIO=-l V, IOL=4mA Full range 

25°C 
110 Input offset current VO= l.4V 

Full range 

25°C 
liB Input bias current VO= 1.4 V 

Full range 

VIO= 1 V, VOH=3V 25°C 
10H High-level output current 

VIO= 1 V, VOH=5V Full range 

10L Low-level output current VIO=-lV, VOL=1.5V 25°C 6 

25°C 
ICCH High-level supply current VO=VOH 

Full range 

25°e 
leCL Low-level supply current VO=VOL 

Full range 

t Full range IS -40°C to 105°C. 

switching characteristics, Vee = 5 V, CL = 15 pF, TA = 25°C 

PARAMETER TEST CONDITIONS 

Response time 
l00-mV input step with 5-mVoverdrive, RL connected to 5 V through 5.1 kQ 

TIL-level input step, RL connected to 5 V through 5.1 kg 

~TEXAS 
INSTRUMENTS 
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TLV2393 
UNIT 

TYP MAX 

1.5 5 
mV 

9 

Oto 
Vee- 1.2 

V 

70 300 
mV 

200 700 

5 50 
nA 

150 

-100 -250 
nA 

-400 

0.1 
nA 

100 

mA 

550 700 

800 
I1A 

1.2 1.5 
mA 

1.6 

TLV2393 
UNIT 

MIN TYP MAX 

0.4 0.8 

0.15 0.3 
!IS 
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TLV1393, TLV1393Y,TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A - AUGUST 1993 - REVISED APRIL 1994 

electrical characteristics, vee = 3 V, T A = 25°C 

PARAMETER TEST CONDITIONS 

VIO Input offset voltage VO=l.4V, VIC = VICRmin 

VICR Common-mode input voltage range 

VOL Low-level output voltage VID=-l V, 10L= 1 mA 

110 Input offset current VO= 1.4 V 

liB Input bias current VO= 1.4 V 

10H High-level output current VIO=l V, VOH=3V 

10L Low-level output current VIO=-l V, VOL=1.5V 

ICCH High-level supply current VO=VOH 

ICCL Low-level supply current VO=VOL 

switching characteristics, Vee = 3 V, CL = 15 pF, TA = 25°C 

PARAMETER TEST CONDITIONS 

MIN 

Oto 
VCC-l.5 

4 

Response time 100-mV input step with 5-mVoverdrive, RL connected to 5 V through 5.1 kg 

electrical characteristics, Vee = 5 V, TA = 25°C 

.~ PARAMETER TEST CONDITIONS 
MIN 

VIO Input offset voltage VO= 1.4 V, VIC = VICRmin 

VICR Common-mode input voltage range 
Oto 

Vce- 1.5 

VOL Low-level output voltage VIO=-l V, 10L= 1 mA 

110 Input offset current VO= l.4V 

liB Input bias current VO= 1.4V 

10H High-level output current VIO=l V, VOH =3V 

10L Low-level output current VIO =-1 V, VOL=1.5V 6 

ICCH High-level supply current VO=VOH 

ICCL Low-level supply current VO=VOL 

switching characteristics, Vee = 5 V, CL = 15 pF, TA = 25°C 

PARAMETER TEST CONDITIONS 

Response time 
100-mV input step with 5-mV overdrive, RL connected to 5 V through 5.1 kQ 

TIL-level input step, 

7-246 

RL connected to 5 V through 5.1 kQ 
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TLV2393Y 
UNIT 

TYP MAX 

1.5 5 mV 

Oto 
V 

VCC-l.2 

80 300 mV 

5 50 nA 

-100 -250 nA 

0.1 nA 

mA 

450 600 IIA 
1.1 1.3 rnA 

TLV2393Y 
UNIT 

MIN TYP MAX 

0.45 1 J.lS 

TLV2393Y 
UNIT 

TYP MAX 

1.5 5 mV 

Oto 
V 

VCC-l.2 

70 300 mV 

5 50 nA 

-100 -250 nA 

0.1 nA 

mA 

550 700 IIA 
1.2 1.5 mA 

TLV2393Y 
UNIT 

MIN TYP MAX 

0.4 0.8 

0.15 0.3 
J.lS 
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TLV1393, TLV1393Y, TLV2393, TLV2393Y 
DUAL DIFFERENTIAL COMPARATORS 

SLCS121A-AUGUST 1993 - REVISED APRIL 1994 

TYPICAL CHARACTERISTICS 

Table of Graphs 
FIGURE 

vs low-to-high-Ievel output response time 1,3 

vs High-to-Iow-Ievel output response time 2,4 

vs low-to-high-Ievel output response time 5, 7 

vs High-to-Iow-Ievel output response time 6,8 
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DUAL DtFFERENTIAL COMPARATORS 
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TYPICAL CHARACTERISTICS 

TLV1393 LOW-TO HIGH-LEVEL OUTPUT. TLV1393 HIGH-TO LOW-LEVEL OUTPUT 
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DUAL DIFFERENTIAL COMPARATORS 
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TYPICAL CHARACTERISTICS 

TLV2393 LOW-TO HIGH-LEVEL OUTPUT 
RESPONSE FOR VARIOUS INPUT OVERDRIVES 

TLV2393 HIGH-TO LOW-LEVEL OUTPUT 
RESPONSE FOR VARIOUS INPUT OVERDRIVES 
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TLV2352, TLV2352Y 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS011A - MAY 1992 - REVISED SEPTEMBER 1996 

• Wide Range of Supply Voltages 
2Vt08V 

• Fully Characterized at 3 V and 5 V 

• Very-Low Supply-Current Drain 
120 ~ Typ at3 V 

• Output Compatible With TTL, MOS, and 
CMOS 

• Fast Response Time ... 200 ns Typ for 
TTL-Level Input Step 

description 

The TLV2352 consists of two independent, 
low-power comparators specifically designed for 
single power-supply applications and to operate 
with power-supply rails as low as 2 V. When 
powered from a 3-V supply, the typical supply 
current is only 120 !lA. 

• High Input Impedance ... 1012 0 Typ 

• Extremely Low Input Bias Current 
5 pATyp 

• Common-Mode Input Voltage Range 
Includes Ground 

• Built-In ESD Protection 

symbol (each comparator) 

IN+:[>--
OUT IN-

The TLV2352 is designed using the Texas Instruments LinCMOSTM technology and therefore features an 
extremely high input impedance (typically greater than 1012 0), which allows direct interfacing with 
high-impedance sources. The outputs are N-channel open-drain configurations that require an external pullup 
resistor to provide a positive output voltage swing, and they can be connected to achieve positive-logic 
wired-AND relationships. The TLV23521 is fully characterized at 3 V and 5 V for operation from - 40°C to 85°C. 
The TLV2352M is fully characterized at 3 V and 5 V for operation from - 55°C to 125°C. 

The TLV2352 has internal electrostatic-discharge (ESD)-protection circuits and has been classified with a 
2000-V ESD rating tested under MIL-PRF-38535. However, care should be exercised in handling this device 
as exposure to ESD may result in degradation of the device parametric performance. 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

VIOmax 
CHIP 

TA SMALL CHIP CERAMIC PLASTIC 
TSSOP 

PLASTIC FORM 
at 25°C OUTLINE CARRIER DIP DIP 

(PW)* 
DIP (V) 

(D)t (FK) (JG) (P) (U) 

-40°C to 
5mV TLV23521D TLV23521P TLV23521PWLE 

85°C 
- - -

TLV2352V 
-55°C to 

5mV TLV2352MFK TLV2352MJG TLV2352MU 
125°C 

- - -

t The D package is available taped and reeled. Add the suffix R to the device type (e.g., TLV2352IDR). 
:j: The PW packages are only available left-ended taped and reeled (e.g., TLV2352IPWLE) 

These devices have limited built-in protection. The leads should be shorted together or the device placed in conductive foam during 
storage or handling to prevent electrostatic damage to the MOS gates. 

LinCMOS is a trademark of Texas Instruments InCOrporated. 

PRODUCTION DATA information Is current as of publication date. 
Products conform to specfficatlons per the terms of Texas Instruments 
standard warranty. ProducUon processing does not necessarily Include 
testing of all parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright © 1996, Texas Instruments Incorporated 
On products compliant to MIL-PRF-38635, all parameters are tested 
unless otherwise noted. On all other products, production 
processing does not necessarily include testing of all parameters. 
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TLV2352, TLV2352Y 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS011A - MAY 1992 - REVISED SEPTEMBER 1996 

TLV23521 ••• D OR P PACKAGE 
TLV2352M •.• JG PACKAGE 

(TOP VIEW) 

10UTu8 VOO+ 
11N- 2 7 20UT 
lIN+ 3 6 21N-

VOo-'GND 4 5 21N+ 

TLV2254M 
UPACKAGE 
(TOP VIEW) 

NC NC 

10UT VOO+ 
11N- 3 20UT 
11N+ 21N-

VOO-IGNO 21N+ 

TLV2352M 
FKPACKAGE 
(TOP VIEW) 

5 c!i 
~ ~ ~ ~~ 

NC 
3 2 1 2019 

NC 4 18 
11N- 5 17 20UT 

NC 6 16 NC 
11N+ 7 15 21N-

NC 8 14 NC 
9 10 1112 13 

~~ ~~ ~ 
If! C\I 

I 
C 

~ 

~1EXAS 
INSTRUMENTS 
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TLV23521 ••• PW PACKAGE 
(TOP VIEW) 

10UT( 10 8 VOO+ 
lIN- ~ 2 7 20UT 
11N+ [ 3 6 21N-

VOo-'GND [ 4 5 21N+ 

NC - No internal connection 



TLV2352, TLV2352V 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 
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TLV2352, TLV2352Y 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS011A - MAY 1992 - REVISED SEPTEMBER 1996 

TLV2352Y chip information 

7-254 

These chips, when properly assembled, display characteristics similar to the TLV2352. Thermal compression 
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip can be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

IN+ 

OUT 
IN-

IN+ 
OUT 

IN-

GND 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (4) INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 

\. 



TLV2352, TLV2352Y 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS011A - MAY 1992 - REVISED SEPTEMBER 1996 

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

Supply voltage, Voo (see Note 1) ............................................................ 8 V 
Differential input voltage, VIO (see Note 2) ................................................... ±8 V 
Input voltage range, VI ................................................................ -0.3 to 8 V 
Output voltage, Vo ......................................................................... 8 V 
Input current, II ......................................................................... ±5 rnA 
Output current, 10 .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 rnA 
Duration of output short-circuit current to GND (see Note 3) ................................ unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: TLV23521 .................................. -40°C to 85°C 

TLV2352M ................................ -55°C to 125°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, and PW Packages ......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FK, JG, and U Packages ........ 300°C 

t Stress 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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground. 
2. Differential voltages are at IN+ with respect to IN-. 
3. Short circuits from outputs to VDD can cause excessive heating and eventual device destruction. 

DISSIPATION RATING TABLE 

PACKAGE 
TA,,25°C DERATING TA=85°C 

POWER RATING FACTOR POWER RATING 

D 725mW 5.8mW/oC 377mW 
FK 1375mW 11.0 mW/oC 715mW 
JG 1050mW 8.4mW/oC 546mW 
P 1000mW 8.0mW/oC 520mW 

PW 525mW 4.2mW/oC 273mW 
U 700mW 5.5mW/oC 370mW 

recommended operating conditions 

Supply voltage, VDD 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

VDD=3V 

VDD =5V 

TLV23521 

TLV2352M 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAlLAS, TEXAS 75265 

TA = 125°C 
POWER RATING 

-
275mW 
210mW 

-
-

150mW 

MIN 

2 

0 

0 

-40 

-55 

MAX UNIT 

8 V 

1.75 
V 

3.75 

85 
°C 

125 
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TLV2352, TLV2352Y 
LinCMOSTM DUAL LOW·VOLTAGEDIFFERENTIAL COMPARATORS 

SLCS011A - MAY 1992- REVISED SEPTEMBER 1996 

electrical characteristics at specified free~air temperaturet 

PARAMETER TEST CONDITIONS TA* VDD=3V 

MIN TYP 

25°C 1 
VIO Input offset voltage VIC = VICRmin, See Note 4 

Full range 

25°C 1 
110 Input offset current 

85°C 

25°C 5 
liB Input bias current 

85°C 

25°C Ot02 

VICR 
Common-mode input 

Oto voltage range Full range 
1.75 

High-level output 25°C 0.1 
10H current VIO=1 V 

Full range 

Low-level output 25°C 115 
VOL VID=-1 V, IOl=2 mA 

voltage Full range 

10l 
low-level output 

VIO=-1 V, VOl=1.5V 25°C 6 16 
current 

25°C 120 
100 Supply current VIO= 1 V, No load 

Full range 
. . t All characteristics are measured with zero common-mode Input voltages unless otherwise noted . 

:1= Full range is -40°C to 85°C. IMPORTANT: See Parameter Measurement Information. 

TLV23521 

MAX MIN 

5 

7 

1 

2 

Ot04 

Oto 
3.75 

1 

300 

600 

6 

250 

350 

VDD=5V UNIT 

TYP MAX 

1 5 
mV 

7 

1 pA 

1 nA 

5 pA 

2 nA 

V 

0.1 nA 

1 !LA 
150 400 

mV 
700 

16 mA 

140 300 

400 
!LA 

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with VOO = 5 V, 2 V with VOO = 3 V, or 
below 400 mV with a 10-kn resistor between the output and VOO. They can be verified by applying the limit value to the input and 
checking for the appropriate output state. 

switching characteristics, Voo =3 V, TA = 25°C 

TLV23521 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

Response time . Rl = 5.1 kn, Cl = 15 pF§, See Note 5 1100-mV input step with 5-mV overdrive 640 ns 

§ Cl includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Vo = 1 V with 

VOO = 3 V or Vo = 1.4 V with VOO = 5 V. . . 

switching characteristics, Voo = 5 V, TA = 25°C 

TLV23521 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

ns Response time 
1100-mV input step with 5-mV overdrive 

Rl = 5.1 kn, Cl = 15 pF§, See Note 5 1 . 
TTL-level input step 

650 

200 

§ CL Includes probe and jig capacItance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Vo = 1 V with 

VOO = 3 VorVO= 1.4 V with VOO = 5 V. 

7-256 
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TLV2352, TLV2352Y 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS011 A - MAY 1992 - REVISED SEPTEMBER 1996 

electrical characteristics at specified free-air temperaturet 

PARAMETER TEST CONDITIONS TA* VDD=3V 

MIN TYP 

25°C 1 
Via Input offset voltage VIC = VICRmin, See Note 4 

Full range 

25°C 1 
110 Input offset current 

125°C 

25°C 5 
liB Input bias current 

125°C 

25°C Ot02 

VICR 
Common-mode input 

Oto voltage range Full range 1.75 

High-level output 25°C 0.1 
10H current VIO= 1 V 

Full range 

Low-level output 25°C 115 
VOL voltage 

VIO=-1 V, IOL=2mA 
Full range 

10L 
Low-level output 

VIO=-1V, VOL = 1.5 V 25°C 6 16 
current 

25°C 120 
100 Supply current VIO=1 V, No load 

Full range 

t All characteristics are measured with zero common-mode input voltages unless otherwise noted. 
:I: Full range is -55°C to 125°C. IMPORTANT: See Parameter Measurement Information. 

TLV2352M 

VDD=5V UNIT 

MAX MIN TYP MAX 

5 1 5 
mV 

10 10 

1 pA 

10 10 nA 

5 pA 

20 20 nA 

Ot04 

Oto V 
3.75 

0.1 nA 

1 1 vA 
300 150 400 

mV 
600 700 

6 16 rnA 

250 140 300 

350 400 
vA 

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with VDD = 5 V, 2 V with VDO = 3 V, or 
below 400 mV with a 10-kO resistor between the output and VOO. They can be verified by applying the limit value to the input and 
checking for the appropriate output state. 

switching characteristics, Voo = 3 V, TA = 25°C 

TLV2352M 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

Response time RL = 5.1 ko, CL = 100 pF§, See Note 5 1100-mV input step with 5-mV overdrive 1400 ns 
.. 

§ CL Includes probe and Jig capacitance . 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Va = 1 V with 

VDD = 3 V or Va = 1.4 V with VDD = 5 V. 

switching characteristics, Voo = 5 V, TA = 25°C 

TLV2352M 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

ns Response time 
11oo-mV input step with 5-mV overdrive 1300 

RL = 5.1 kQ, CL = 100 pF§, See Note 5 1------'---'--------+----------1 I TIL-level input step 900 

§ CL Includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Va = 1 V with 

VOO = 3 VorVO = 1.4 V with VDD = 5 V. 

~TEXAS 
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TLV2352, TLV2352V 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS011A - MAY 1992 - REVISED SEPTEMBER 1996 

electrical characteristics at specified free-air temperature, T A = 25°Ct 

TLV2352Y 

PARAMETER TEST CONOITIONS VOO=3V VOO=5V UNIT 

MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage VIC = VICRmin, See Note 4 1 5 1 5 mV 

110 Input offset current 1 1 pA 

liB Input bias current 5 5 pA 

VICR Common-mode input voltage range Ot02 Ot04 V 

10H High-level output current VID= 1 V 0.1 0.1 nA 

VOL Low-level output voltage VID=-IV IOL=2 mA 115 300 150 400 mV 

10L Low-level output current VID=-1 V, VOL=I.5V 6 16 6 16 mA 

IDD Supply current VID= 1 V No load 120 250 140 300 I1A 
. . t All characteristics are measured with zero common-mode Input voltages unless otherwise noted . 

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with VDD = 5 V, 2 V with VDD = 3 V, or 
below 400 mV with a 10-kO resistor between the output and VDD. They can be verified by applying the limit value to the input and 
checking for the appropriate output state. 
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TLV2352, TLV2352Y 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCSOllA - MAY 1992 - REVISED SEPTEMBER 1996 

TYPICAL CHARACTERISTICS 

LOW-LEVEL OUTPUT VOLTAGE 
VB 

LOW-LEVEL OUTPUT CURRENT 

VOOI=3V 
TA = 25°C 

V 
/ 

/ 
/ 

/1' 

/ 

/ 
/ 

/ 

o 2 4 6 8 10 12 14 16 

IOl - low-level Output Current - rnA 

Figure 1 

COMMON-MODE INPUT VOLTAGE RANGE 
VB 
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TA - Free-Air Temperature - °C 

Figure 2 

OUTPUT FALL TIME 
vs 

CAPACITIVE LOAD 

V~o=~V I 
I I I 

I- Overdrive = 10 mV 
Rl = 5.1 kQ (pullup to Voo) 

I- T, = 25°C 

----
f..---f.--

t...-~ 

-75 -50 -25 0 25 50 75 100 125 o 10 20 30 40 50 60 70 80 90100 

TA - Free-Air Temperature - °C 

Figure 3 
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Cl - Capacitive load - pF 

Figure 4 
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TLV2352, TLV2352Y 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 
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TYPICAL CHARACTERISTICS 

HIGH-TO-LOW-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS OVERDRIVE VOLTAGES 

VOO=3V 
CL=ISpF 
RL = S.1 k.Q (pullup to VOO) 
TA=2SoC 

oJ\ \ \smv 

\. \. ~ 
10mV 

o 100 200 300 400 SOO 600 700 800 900 1000 

tPHL -High-to·Low-Level Output 
Propagation Delay Time - ns 

FigureS 

LOW-TO-HIGH-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS OVERDRIVE VOLTAGES 

VOO=3V 
CL= 1SpF 
RL =S, 1 k.Q (pullup to VOO) 
TA=2SoC 

20mV I { ( 
) ) Usmv 

10mV 

o 100 200 300 400 SOO 600 700 800 900 1000 

tpLH - Low-to-High-Level Output 
Propagation Delay Time - ns 

Figure 7 
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HIGH-TO-LOW-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS CAPACITIVE LOADS 

VOO=3V 
Overdrive = 10 mV 
RL = S.1 k.Q (pullup to VOO) 
TA =2SoC 

J.tf ICL = 100pF 

~L = Op 

o 100 200 300 400 SOO 600 700 800·900 1000 

tpHL - High-to-Low-Level Output 
Propagation Delay TIme - ns 

Figure 6 

LOW-TO-HIGH-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS CAPACITIVE LOADS 

VOO=3V 
Overdrive = 10 mV 
RL = S.1 k.Q (pull up to VOO) 

c~=~p~ TA=2SoC 

I I ( ( 
CL=1SpF 

) ~ 
( 
I 

CL=100pF 

o 100 200 300 400 SOO 600 700 800 900 1000 

tpLH - Low-to·High-Level Output 
Propagation Delay Time - ns 

Figure 8 
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, TLV2352,TLV2352Y 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS011A - MAY 1992 - REVISED SEPTEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

The digital output stage of the TLV2352 can be damaged if it is held in the linear region of the transfer curve. 
Conventional operational amplifier/comparator testing incorporates the use of a servo loop that is designed to force 
the device output to a level within this linear region. Since the servo-loop method of testing cannot be used, the 
following alternatives for measuring parameters such as input offset voltage, common-mode rejection, etc., are 
offered. 

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 9(a). With the noninverting input positive with respect to the inverting input, the output should be high. With 
the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages can 
be slewed as shown ,in Figure 9(b) for the VieR test, rather than changing the input voltages to provide greater 
accuracy. 

ApplledVIO 
Limit 

1 

5V 

(a) VIO WITH VIC = 0 

1V 

ApplledVIO 
Limit 

1 
-4V 

(b) VIO WITH VIC = 4 V 

Figure 9. Method for Verifying That Input Offset Voltage Is Within Specified Limits 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal but 
opposite in polarity to the input offset voltage, the output changes states. 
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TLV2352, TLV2352V 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCSOll A - MAY 1992 - REVISED SEPTEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

Figure 10 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator in the linear region. The circuit consists of a switching-mode servo loop in which U1a generates a 
triangular waveform of approximately 20-mV amplitude. U 1 b acts as a buffer with C2 and R4 removing any residual 
dc offset. The signal is then applied to the inverting input of the comparator under test while the noninverting input 
is driven by the output of the integrator formed by U 1 c through the voltage divider formed by R9 and R10. The loop 
reaches a stable operating point when the output of the comparator under test has a duty cycle of exactly 50%, which 
can only occur when the incoming triangle wave is sliced symmetrically or when the voltage at the non inverting input 
exactly equals the input offset voltage. 

Voltage dividers R9 and R10 provide a step up of the input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, R8, R9, and R10 can significantly influence the accuracy of the reading; therefore, it is 
suggested that their tolerance level be 1 % or lower. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current and 
compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board leakage 
can be measured with no device in the socket. Subsequently, this open-socket leakage value can be subtracted from 
the measurement obtained with a device in the socket to obtain the actual input current of the device. 

C1 
0.111F 

7-262 

U1b 114 
TLC2344 

R3 
100Q 

R1 
240kQ 

R2 
10kQ 

R4 
47kQ 

-=-

Voo 

-=-

R10 
100Q,1% 

R5 
1.SkQ,1% 

R6 
5.1 kQ 

R7 
1 MQ 

RS 
1.SkQ,1% 

R9 
10kQ,1% 

C3 
0.6SI1F 

U1c 114 
TLC2344 

C4 
T 0.111F 

-=-

Figure 10. Circuit for Input Offset Voltage Measurement 
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TLV2352, TLV2352Y 
LinCMOSTM DUAL LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCSOll A - MAY 1992 - REVISED SEPTEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

Propagation delay time is defined as the interval between the application of an input step function and the instant when 
the output crosses Vo = 1 V with V DD = 3 V or when the output crosses Vo = 1 .4 V with V DD = 5 V. Propagation delay 
time, low-to-high-Ievel output, is measured from the leading edge of the input pulse while propagation delay time, 
high-to-Iow-Ievel output, is measured from the trailing edge of the input pulse. Propagation-delay-time measurement 
at low input signal levels can be greatly affected by the input offset Voltage. The offset voltage should be balanced 
by the adjustment at the inverting input (as shown in Figure 11) so that the circuit is just at the transition point. Then 
a low signal, for example 1 OS-mY or 5-mV overdrive, causes the output to change states. 

Pulse 
Generator 

voo 

Input Offset Voltage 1 V --1-0 n----' 
Compensation 10 Turn ~--A./v'v--____ -----1 

Adiustment -1 V -----' 

TEST CIRCUIT 

Overdrive Overdrive 

..t ·-f----t Input I 100 mV I~m 1~~===1-~ 
Low-to-High 
Level Output 

I----f 
I 
I 
I 
I 
1 10% 

I 

I Vo = 1 V With VOO = 3 V 
+"lIT-I --- or 
I VO=1.4VWithVOO=5V I 
I I I 

I I I I I 
II --..! I I I 

_I I j4-tr I 
I I I 
~11111-~~- tpLH II1II 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

T 1!!F 

High-to-Low 
Level Output 

10% 

Figure 11. Propagation Delay, Rise, and Fall Times Test Circuit and Voltage Waveforms 
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TLV2354, TLV2354V 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

• Wide Range of Supply Voltages 
2Vt08V 

• Fully Characterized at 3 V and 5 V 
• Very-Low Supply-Current Drain 

240 JlA Typ at 3 V 

• Common-Mode Input Voltage Range 
Includes Ground 

• High Input Impedance ... 1012 n Typ 

description 

The TLV2354 conSists of four independent, 
low-power comparators specifically designed for 
single power-supply applications and to operate 
with power-supply rails as low as 2 V. When 
powered from a 3-V supply, the typical supply 
current is only 240 IJA. 

SLCSOI2A - MAY 1992 - REVISED SEPTEMBER 

• Fast Response Time ... 200 ns Typ for 
TTL-Level Input Step 

• Extremely Low Input Bias Current 
5 pATyp 

• Output Compatible With TTL, MOS, and 
CMOS 

• Built-In ESD Protection 

symbol (each comparator) 

IN+ :t>-
OUT 

IN-

The TLV2354 is designed using the Texas Instruments LinCMOSTM technology and, therefore, features an 
extremely high input impedance (typically greater than 1012 n), which allows direct interfaCing with 
high-impedance sources. The outputs are N-channel open-drain configurations that require an external pullup 
resistor to provide a positive output voltage swing, and they can be connected to achieve positive-logic 
wired-AND relationships. The TLV2354 I is fully characterized for operation from -40°C to 85°C. The TLV2354M 
is fully characterized for operation from - 55°C to 125°C. 

The TLV2354 has internal electrostatic-discharge (ESD)-protection circuits and has been classified with a 
2000-V ESD rating tested under MIL-PRF-38535. However, care should be exercised in handling this device 
as exposure to ESD may result in degradation of the device parametric performance. 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

Vlomax PLASTIC 
CHIP 

TA SMALL CHIP CERAMIC 
TSSOP 

CERAMIC FORM 
at 25°C OUTLINE CARRIER DIP DIP FLATPACK 

(D)t (FK) (J) (N) (PW)* (W) 
(V) 

-40°C to 
5mV TLV23541D TLV23541N TLV23541PWLE 

85°C - - -
TLV2354V 

-55°C to 
5mV TLV2354MFK TLV2354MJ TLV2354MW 

125°C - - -

t The D package IS available taped and reeled. Add the suffiX R to the deVice type (e.g., TLV2352IDR). 
:t: The PW packages are only available left-ended taped and reeled (e.g., TLV2354IPWLE). 

These devices have limited built-in protection. The leads should be shorted together or the device placed in conductive foam during 
storage or handling to prevent electrostatic damage to the MOS gates. 

LlNCMOS is a trademark of Texas Instruments Incorporated. 
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Copyright © 1996, Texas Instruments Incorporated 
On products compliant to MIL-PRF-38535, all parameters are tested 
unless otherwise noted. On all other products, production 
processing does not necessarily include tasting of all parameters. 
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TLV2354, TLV2354Y 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCSOI2A - MAY 1992 - REVISED SEPTEMBER 1996 

TLV23541 
o OR N PACKAGE 

(TOP VIEW) 

10UT 
20UT· 

VOO+ 3 
21N-
21N+ 
11N- 6 
11N+ 7 

TLV2354M 

30UT 
40UT 

VOo.JGND 
41N+ 
41N-

J OR. W PACKAGE 
(TOP VIEW) 

10UT 1 U 14 30UT 
20UT 2 13 40UT 

VOO+ 3 12 VOo.JGND 
21N- 4 11 41N+ 
21N+ 5 10 J4IN-
11N- 6 9 31N+ 
11N+ 7 8 31N-

NC - No internal connection 
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TLV23541 
PWPACKAGE 

(TOP VIEW) 

10UT 
20UT 

VOO+ 
21N- 4 

30UT 
40UT 

VOo.JGND 
11 41N+ 

41N-
31N+ 
31N-

TLV2354AM, TLV2354M 
FKPACKAGE 

(TOP VIEW) 
1-1- 1-1-
=>=>u=>=> 
~~zg~ 

3 2 1 2019 
VOO+ 4 18 VOO_\GND 

NC 5 17 NC 
21N- 6 16 41N+ 

NC 7 15 NC 
21N+ 8 14 41N-

9 10 11 12 13 
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TLV2254, TLV2254Y 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 
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TLV2354,TLV2354Y 
linCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCSOl2A - MAY 1992 - REVISED SEPTEMBER 1996 

TLV2354Y chip information 

7-268 

This chip, when properly assembled, displays characteristics similar to the TLV2354. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 
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GND 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (11) INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 



TLV2354, TLV2354Y 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCSOI2A- MAY 1992 - REVISED SEPTEMBER 1996 

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

Supply voltage, VDD (see Note 1) ............................................................ 8 V 
Differential input voltage, VID (see Note 2) ................................................... ±8 V 
Input voltage range, VI ................................................................ -0.3 to 8 V 
Output voltage, Vo ......................................................................... 8 V 
Input current, II ......................................................................... ±5 mA 
Output current, 10 .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 mA 
Duration of output short-circuit current to GND (see Note 3) ................................ unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, TA: TLV23541 .................................. -40°C to 85°C 

TLV2354M ................................ -55°C to 125°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, or PW package ............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FK, J, or W 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 network ground. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to VDD can cause excessive heating and eventual device destruction. 

DISSIPATION RATING TABLE 

TA,,25°C DERATING TA = 85°C TA = 125°C 
PACKAGE 

POWER RATING FACTOR POWER RATING POWER RATING 

D 950mW 7.6mW/oC 494mW 
FK 1375mW 11.0mW/oC 715mW 
J 1375mW 11.0mW/oC 715mW 
N 1150mW 9.2mW/oC 598mW 

PW 700mW 5.6mW/oC 364mW 
W 700mW 5.5mW/oC 370mW 

recommended operating conditions 

Supply voltage, VDD 

Common-mode input voltage, VIC 

Operating free·air temperature, TA 

VDD=3V 

VDD=5V 

TLV23541 

TLV2354M 
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275mW 
275mW 

150mW 

MIN 

2 

0 

0 

-40 

-55 

MAX UNIT 

8 V 

1.75 
V 

3.75 

85 
°C 

125 
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TLV2354,TLV2354V 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS012A - MAY 1992 - REVISED SEPTEMBER 1996 

electrical characteristics at specified free-air temperaturet 

PARAMETER TEST CONDITIONS TA* VDD=3V 

MIN TYP 

25°C 1 
VIO Input offset voltage VIC = VICRmin, See Note 4 

Full range 

25°C 1 
110 Input offset current 

85°C 

25°C 5 
liB Input bias current 

85°C 

25°C Ot02 

VICR 
Common-mode input 

Oto voltage range Full range 
1.75 

High-level output 25°C 0.1 
10H current VIO= 1 V 

Full range 

Low-level output 25°C 115 
VOL VIO=-1 V, IOL=2 mA 

voltage Full range 

10L 
Low-level output 

VIO=-IV, VOL= 1.5 V 25°C 6 16 
current 

25°C 240 
100 Supply current VIO= 1 V, No load 

Full range 
. . t All characteristics are measured with zero common-mode Input voltage unless otherwise noted . 

:I: Full range is -40°C to 85°C. IMPORTANT: See Parameter Measurement Information. 

TLV23541 

VDD=5V 

MAX MIN TYP 

5 1 

7 

1 

1 

5 

2 

Ot04 

Oto 
3.75 

0.1 

1 

300 150 

600 

6 16 

500 290 

700 

UNIT 

MAX 

5 
mV 

7 

pA 

1 nA 

pA 

2 nA 

V 

nA 

1 ~ 
400 

mA 
700 

mA 

600 

800 
~ 

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with VOO = 5 V, 2 V with VOO = 3 V, or 
below 400 mV with a 10-kn resistor between the output and VOO. They can be verified by applying the limit value to the input and 
checking for the appropriate output state. 

switching characteristics, Voo = 3 V, TA = 25°C 
TLV23541 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX 

Response time 
RL = 5.1 kn, CL = 15 pF§, 

1100-mv input step with 5-mV overdrive 640 See Note 5 ns 

§ CL includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Vo = 1 V with 

VOO = 3 V or when the output crosses Vo = 1.4 with VOO = 5 V. 

switching characteristics, Voo = 5 V, TA = 25°C 
TLV23541 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX 

RL = 5.1 kQ, CL = 15 pF§, 1100-mV input step with 5-mV overdrive 650 
Response time ns See NoteS I TTL-level input step 200 

.. 
§ CL Includes probe and Jig capacitance . 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Vo = 1 V with 

VOO = 3 V or when the output crosses Vo = 1.4 with VOO = 5 V. 
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TLV2354, TLV2354Y 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS012A- MAY 1992 - REVISED SEPTEMBER 1996 

electrical characteristics at specified free-air temperaturet 

PARAMETER TEST CONOITIONS TA* VOO=3V 

MIN TVP 

25°C 1 
Via Input offset voltage VIC = VICRmin, See Note 4 

Full range 

25°C 1 
110 Input offset current 

125°C 

25°C 5 
liB Input bias current 

125°C 

25°C Ot02 

VICR 
Common-mode input 

Oto voltage range Full range 1.75 

High-level output 25°C 0.1 
10H current VID=1 V 

Full range 

Low-level output 25°C 115 
VOL voltage 

VID=-1 V, IOL=2mA 
Full range 

10L 
Low-level output 

VID=-1 V, VOL = 1.5 V 25°C 6 16 
current 

25°C 240 
IDD Supply current VID=1 V, No load 

Full range 
. . t All characteristics are measured With zero common-mode Input voltage unless otherwise noted . 

:j: Full range is -55°C to 125°C. IMPORTANT: See Parameter Measurement Information. 

TLV2354M 

VOO=5V UNIT 

MAX MIN TVP MAX 

5 1 5 
mV 

10 10 

1 pA 

10 10 nA 

5 pA 

20 20 nA 

Ot04 

Oto V 
3.75 

~ 
0.1 nA 

1 1 IIA 
300 150 400 

rnA 
600 700 

6 16 rnA 

500 290 600 

700 800 
IIA 

NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with VDD = 5 V, 2 V with VDD = 3 V, or 
below 400 mV with a 1 O-kQ. resistor between the output and VDD. They can be verified by applying the limit value to the input and 
checking for the appropriate output state. 

\ 

switching characteristics, Voo = 3 V, TA = 25°C 

TLV2354M 
PARAMETER TEST CONDITIONS UNIT 

MIN TVP MAX 

Response time 
RL= 5.1 kn. CL = 100 pF§, 

1100-mv input step with 5-mV overdrive 1400 See Note 5 ns 

.. 
§ CL Includes probe and Jig capacitance . 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Va = 1 V with 

VDD = 3 V or when the output crosses Va = 1.4 with VDD = 5 V. 

switching characteristics, Voo = 5 V, TA = 25°C 
TLV2354M 

PARAMETER TEST CONDITIONS UNIT 
MIN TVP MAX 

RL=5.1 kQ, CL = 100 pF§, 1100-mV input step with 5-mV overdrive 1300 
Response time ns See Note 5 I TTL-level input step 900 

§ CL includes probe and jig capacitance. 
NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses Va = 1 V with 

VDD = 3 V or when the output crosses Va = 1.4 with VDD = 5 V. 
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TLV2354, TLV2354Y 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCSOl2A - MAY 1992 - REVISED SEPTEMBER 1996 

electrical characteristics at specified free-air temperature, T A = 25°Ct 

TLV2354Y 

PARAMETER TEST CONDITIONS VDD=3V VDD=5V UNIT 

MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage VIC = VICRmin, See Note 4 1 5 1 5 mV 

110 Input offset current 1 1 pA 

liB Input bias current 5 5 pA 

VICR Common-mode input voltage range Ot02 Ot04 V 

10H High-level output current VIO=l V 0.1 0.1 nA 

VOL Low-level output voltage VIO=-lV, IOL=2mA 115 300 150 400 mV 

10L Low-level output current VIO =-1 V, VOL=1.5V 6 16 6 16 rnA 

100 Supply current VIO=l V, No load 240 500 290 600 J.IA . . t All characteristics are measured with zero common-mode Input voltage unless otherwise noted . 
NOTE 4: The offset voltage limits given are the maximum values required to drive the output above 4 V with VOO = 5 V, 2 V with VOO = 3 V, or 

below 400 mV with a 10-kn resistor between the output and VOO. They can be verified by applying the limit value to the input and 
checking for the appropriate output state. 
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TLV2354, TLV2354Y 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCSOl2A - MAY 1992 - REVISED SEPTEMBER 1996 

TYPICAL CHARACTERISTICS 

LOW·LEVEL OUTPUT VOLTAGE 
vs 

LOW·LEVEL OUTPUT CURRENT 

VoJ=3VI 
L 

TA = 25°C V 
V 

'/ 
/ 

/ 
// 

V 

V 

0( 
::l. 
I 
C 
I!! 
l:i 
U 
~ 
Q. 
Q. 

" IJJ 
I 
Q 

E 

380 

360 

340 

320 

300 

280 

260 

240 
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200 

SUPPLY CURRENT 
vs 

FREE·AIR TEMPERATURE 

No Load 

'\ 
~ 

I'.. V[)o=! V 
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V[ 0=3""" "'" 1"- "-

I" "'-
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r-..... " V o 
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IOL - Low·Level Output Current - rnA 

Figure 1 

COMMON·MODE INPUT VOLTAGE RANGE 
vs 

FREE·AIR TEMPERATURE 

VOOI=3V 
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I----
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::-
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o 

TA - Free·Air Temperature - °C 

Figure 2 

OUTPUT FALL TIME 
vs 

CAPACITIVE LOAD 

V~o =~V I 
I I I 

Overdrive = 10 mV 
RL = 5.1 kQ (pullup to VOO) 
TA=25°C 

I--' I--' ~ -1--1"'" 

J....o-" ~ 

-75 -50 -25 0 25 50 75 100 125 o 10 20 30 40 50 60 70 80 90 100 

TA - Free·Air Temperature - °C 

Figure 3 
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CL - Capacitive Load - pF 

Figure 4 
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TYPICAL CHARACTERISTICS 

HIGH-TO-LOW-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS OVERDRIVE VOLTAGES 

VOO=3V 
CL= 15 pF 

r- RL = 5.1 k.O (pull up to VOO) 
TA = 25°C 

"l~ ~ \L 
10mV 

o 100 200 300 400 500 600 700 800 9001000 

tpHL - High-to-Low-Level Output 
Propagation Oelay Time - ns 

FigureS 

LOW-TO-HIGH-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS OVERDRIVE VOLTAGES 

VOO=3V 

r- ~~ ~ !~ ~ (pullup to VOO) 
TA=25°C 

20~vl I ( 
J ) J5mv 

10mV 

o 100 200 300 400 500 600 700 800 900 1000 

tpLH - Low-to-High-Level Output 
Propagation Oelay Time - ns 

Figure 7 

o 

o 

HIGH-TO-LOW-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS CAPACITIVE LOADS 

VOO=3V 
Overdrive = 10 mV 
RL = 5.1 k.O (pullup to VOO) 
TA = 25°C 

- Cl =JPF 
ICL = 100 pF 

f--

CL=5~PF 

o 100 200 300 400 500 600 700 800 9001000 

tpHL - High-to-Low-Level Output 
Propagation Delay Time - ns 

Figure 6 

LOW-TO-HIGH-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS CAPACITIVE LOADS 

VOO=3V 
Overdrive = 10 mV 

r- RL = 5.1 kQ (pull up to VOO) I I I 
TA=25°C CL=50pF 

LUj { { 
V ~ 
CL=100pF 

o 100 200 300 400 500 600 700 800 900 1000 

tpLH - Low-to-High-Level Output 
Propagation Oelay Time - ns 

Figure 8 
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TLV2354, TLV2354Y 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 
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PARAMETER MEASUREMENT INFORMATION 

The digital output stage of the TLV2354 can be damaged if it is held in the linear region of the transfer curve. 
Conventional operational amplifier/comparator testing incorporates the use of a servo loop that is designed to force 
the device output to a level within this linear region. Since the servo-loop method of testing cannot be used, the 
following alternatives for measuring parameters such as input offset voltage, common-mode rejection, etc., are 
offered. 

To verify that the input offset voltage falls within the limits specified, the limit value is applied to the input as shown 
in Figure 9(a). With the noninverting input positive with respect to the inverting input, the output should be high. With 
the input polarity reversed, the output should be low. 

A similar test can be made to verify the input offset voltage at the common-mode extremes. The supply voltages can 
be slewed as shown in Figure 9(b) for the VieR test rather than changing the input voltages to provide greater 
accuracy. 

AppliedVIO 
Limit 

1 

5V 

(a) VIO WITH VIC = 0 

AppliedVIO 
Limit 

1 

1V 

(b) VIO WITH VIC = 4 V 

Figure 9. Method for Verifying That Input Offset Voltage Is Within Specified Limits 

A close approximation of the input offset voltage can be obtained by using a binary search method to vary the 
differential input voltage while monitoring the output state. When the applied input voltage differential is equal but 
opposite in polarity to the input offset voltage, the output changes states. 
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TLV2354, TLV2354Y 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCS012A- MAY 1992 - REVISED SEPTEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

Figure 10 illustrates a practical circuit for direct dc measurement of input offset voltage that does not bias the 
comparator in the linear region. The circuit consists of a switching-mode servo loop in which U1a generates a 
triangular waveform of approximately 20-mV amplitude. U1 b acts as a buffer, with C2 and R4 removing any residual 
dc offset. The signal is then applied to the inverting input of the comparator under test while the noninverting input 
is driven by the output of the integrator formed by U1 c through the voltage divider formed by R9 and R10. The loop 
reaches a stable operating point when the output of the comparator under test has a duty cycle of exactly 50%, which 
can only occur when the incoming triangle wave is sliced symmetrically or when the voltage at the noninverting input 
exactly equals the input offset voltage. 

Voltage dividers R9 and R10 provide a step up of the input offset voltage by a factor of 100 to make measurement 
easier. The values of R5, RB, R9, and R10 can significantly influence the accuracy of the reading; therefore, it is 
suggested that their tolerance level be 1 % or lower. 

Measuring the extremely low values of input current requires isolation from all other sources of leakage current and 
compensation for the leakage of the test socket and board. With a good picoammeter, the socket and board leakage 
can be measured with no device in the socket. Subsequently, this open-socket leakage value can be subtracted from 
the measurement obtained with a device in the socket to obtain the actual input current of the device. 

C1 
0.1 J.lF 

7-276 

U1b 1/4 
TLV2354 

R3 
1000 

R1 
240kn 

Triangle 
Generator 

R2 
10kn 

R4 
47kO 

Voo 

-=-

R10 
1000,1% 

-=-

C3 
R5 0.68/-lF 

1.8kn,1% 

U1c 114 
R6 TLV2354 
5.1 kn 

R7 
1 MO 

R8 
1.8kn,1% 

C4 
T 0.1 J.lF 

-=-

R9 
10kn,1% 

Figure 10. Circuit for Input Offset Voltage Measurement 
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TLV2354, TLV2354Y 
LinCMOSTM QUADRUPLE LOW-VOLTAGE DIFFERENTIAL COMPARATORS 

SLCSOl2A - MAY 1992 - REVISED SEPTEMBER 1996 

PARAMETER MEASUREMENT INFORMATION 

Propagation delay time is defined as the interval between the application of an input step function and the instant when 
the output crosses Vo = 1 V with Voo=3 Vorwhen the output crosses Vo= 1.4 V with Voo =5 V. Propagation delay 
time, low-to-high-Ievel output, is measured from the leading edge of the input pulse, while propagation delay time, 
high-to-Iow-Ievel output, is measured from the trailing edge of the input pulse. Propagation-delay-time measurement 
at low input signal levels can be greatly affected by the input offset voltage. The offset voltage should be balanced 
by the adjustment at the inverting input (as shown in Figure 3) so that the circuit is just at the transition point. Then 
a low signal, for example a 105-mV or 5-mV overdrive, causes the output to change state. 

Pulse 
Generator 5.1 kn r 111F 

Input Offset Voltage + 1 V 
Compensation 

10n 
10 Turn 

Adjustment -1 V ----' 

Overdrive 

1~f----t Input 100mV 

I----f 
1 

1 
Low- to Hlgh- 1 

Level Output 1 

1 10% 

1 1 

i~ 
1 
14 tpLH 

1 kn 

TEST CIRCUIT 

Input 

Overdrive 

1~il 
~====1=f 

1 

90% 

Vo = 1 V With VOO = 3 V 1 I. 1 or 
I 1 Vo = 1.4 V With VOO = 5 V 1 

1 1 1 

1 1 1 

1 1 1 

1 ~I 
1 1 

14 ~ 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

Hlgh- to Low-
Level Output 

10% 

1 

:.- tf 

tpHL 

Figure 11. Propa~ation Delay, Rise, and Fall Times Test Circuit and Voltage Waveforms 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

• Timing From Microseconds to Hours 

• Astable or Monostable Operation 

• Adjustable Duty Cycle 
• TTL-Compatible Output Can Sink or 

Source up to 200 mA 

• Functionally Interchangeable With the 
Signetics NE555, SA555, SE555, SE555Cj 
Have Same Pinout 

SE555C FROM TIIS NOT RECOMMENDED 
FOR NEW DESIGNS 

description 

These devices are precIsion monolithic timing 
circuits capable of producing accurate time delays 
or oscillation. In the time-delay or monostable 
mode of operation, the timed interval is controlled 
by a single external resistor and capacitor 
network. In the astable mode of operation, the 
frequency and duty cycle may be independently 
controlled with two external resistors and a single 
external capacitor. 

1973-

D, JG, OR P PACKAGE 

(TOP VIEW) 

TRIG 2 7 DISCH 
GNDQ8 VCC 

OUT 3 6 THRES 

RESET 4 5 CO NT 

FKPACKAGE 

4 

5 

6 
7 

8 

(TOP VIEW) 

c () 
()Z()()() 
Z<!)Z>Z 

3 2 1 2019 
18 
17 

16 

15 

14 
9 1011 1213 

()I-()I-() 

Z~Zi5Z 
~ () 

NC-No internal connection 

NC 

DISCH 

NC 

THRES 

NC 

The threshold and trigger levels are normally two-thirds and one-third, respectively, of Vec. These levels can 
be altered by use of the control voltage terminal. When the trigger input falls below the trigger level, the flip-flop 
is set and the output goes high. If the trigger input is above the trigger level and the threshold input is above 
the threshold level, the flip-flop is reset and the output is low. RESET can override all other inputs and can be 
used to initiate a new timing cycle. When RESET goes low, the flip-flop is reset and the output goes low. 
Whenever the output is low, a low-impedance path is provided between DISCH and ground. 

The output circuit is capable of sinking or sourcing current up to 200 mA. Operation is specified for supplies of 
5 V to 15 V. With a 5-V supply, output levels are compatible with TTL inputs. 

The NE555 is characterized for operation from O°C to 70°C. The SA555 is characterized for operation from 
-40°C to 85°C. The SE555 and SE555C are characterized for operation over the full military range of -55°C 
to 125°C. 

AVAILABLE OPTIONS 

PACKAGE 
CHIP FORM 

TA VTHRESmax SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTICOIP (V) 
VCC=15V (0) (FK) (J) (P) 

O°C to 70°C 11.2V NE555D NE555P 

-40°C to 85°C 11.2V SA555D SA555P NE555Y 

-55°C to 125°C 
10.6V SE555D SE555FK SE555JG SE555P 
11.2V SE555CD SE555CFK SE555CJG SE555CP 

The D package IS available taped and reeled. Add the suffix R to the device type (e.g.; NE555DR). 

~~~:: .1==8Iape~="t!n: ::.r::n::: 
~TEXAS 
INSTRUMENTS 

Copyright © 1992, Texas Instruments Incorporated 

standard warranty. Production processing does nat necessarily include 
testing of all parameters. 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

FUNCTION TABLE 

RESET TRIGGER VOLTAGEt THRESHOLD VOLTAGEf 

Low Irrelevant Irrelevant 

High < 1/3VOO Irrelevant 

High > 1/3VOO > 213 VOO 

High > 1/3VOO < 213 VOO 

t Voltage levels shown are nominal. 

functional block diagram 

vcc RESET 
8 CONT 4 

5 
R 

6 R1 
THRES 

R 

S 

R 

2 
TRIG 

R 

GND 

RESET can override TRIG, which can override THRES. 
Pin numbers shown are for the 0, JG, and P packages 
only. 

~TEXAS 
INSTRUMENTS 

OUTPUT DISCHARGE .SWITCH 

Low On 

High Off 

Low On 

As previously established 

3 >--- OUT 

'-_____ 7 DISCH 
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chip information 

NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

These chips, properly assembled, display characteristics similarto the NE555 (see electrical table for NE555Y). 
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 
Vcc 
(8) 

CONT 
(5) 

R 

RESET 
(4) 

THRES ('-6)'+-+---1"" .... 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 1'1 

~lExAs 
INSTRUMENTS 

R 
t-------.J...TL--.£) DISCH 

(1) 
GND 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJ max = 1500 C 

TOLERANCES ARE ± 10% 

ALL DIMENSIONS ARE IN MILS 

PIN (1) INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 8-5 



NE555, NE555V, SA555, SE555, SE555C 
PRf:CISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

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

Supply voltage, vee (See Note 1) ........................................................... 18 V 
Input voltage (CONT, RESET, THRES, and TRIG) ............................................. Vee 
Output current .•.... ;................................................................. ±225 rnA 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range: NE555 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 

SA555 ....................................... -40°C to 85°C 
SE555, SE555C ............ ,................. -55°C to 125°C 

Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C 

NOTE 1: All voltage values are with respect to network ground terminal, 

DISSIPATION RATING TABLE 

TA$25°C DERATING FACTOR TA=70°C 
PACKAGE 

POWER RATING ABOVETA = 25°C , POWER RATING 

0 725mW 

FK 1375mW 

JG (SE555, SE555C) 1050 mW 

JG (SA555, NE555C) 825mW 

p 1000 mW 

recommended operating conditions 

Supply voltage, Vce 

Input voltage (CONT, RESET, THRES, and TRIG) 

Output current 

Operating free-air temperature, TA 

5.8mW/oC 464mW 

11.0 mW/oC 880mW 

8.4mW/oC 672mW 

6.6mW/oC 528mW 

8.0mW/oC 640mW 

NE555 SA555 

MIN MAX 

4.5 16 

VCC 

±200 

0 70 

~TEXAS 
INSTRUMENTS 

MIN MAX 

4.5 16 

VCC 

±200 

-40 85 

POST OFFICE sox 655303 • DALLAS, TEXAS 75265 

TA=85°C TA=125°C 
POWER RATING POWER RATING 

377mW NlA 

715mW 275mW 

546mW 210mW 

429mW NlA 

520mW N/A 

SE555 SE555C 
UNIT 

MIN MAX MIN MAX 

4.5 18 4.5 16 V 

VCC VCC V 

±200 ±200 mA 

-55 125 -55 125 °C 



NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

electrical characteristics, Vee = 5 V to 15 V, TA = 25°C (unless otherwise noted) 

SE555 
NE555, SA555, 

PARAMETER TEST CONDITIONS SE555C UNIT 

MIN TYP MAX MIN TYP MAX 

Vee = 15V 9.4 10 10.6 8.B 10 11.2 
THRES voltage level V 

Vee =5V 2.7 3.3 4 2.4 3.3 4.2 

THRES current (see Note 2) 30 250 30 250 nA 

Vee=15V 4.8 5 5.2 4.5 5 5.6 
TRIG voltage level V 

Vee=5V 1.45 1.67 1.9 1.1 1.67 2.2 

TRIG current TRIG atOV 0.5 0.9 0.5 2 IlA 
RESET voltage level 0.3 0.7 1 0.3 0.7 1 V 

RESET at Vee 0.1 0.4 0.1 0.4 
RESET current rnA 

RESETatOV -0.4 -1 -0.4 -1.5 

DISCH switch off-state current 20 100 20 100 nA 

Vee=15V 9.6 10 10.4 9 10 11 
eONT vonage (open circuit) V 

Vee=5 V 2.9 3.3 3.8 2.6 3.3 4 

IOL= lOrnA 0.1 0.15 0.1 0.25 

IOL=50 rnA 0.4 0.5 0.4 0.75 
Vee=15V 

IOL= 100 rnA 2 2.2 2 2.5 
Low-level output voltage V 

IOL= 200 rnA 2.5 2.5 

IOL=5mA 0.1 0.2 0.1 0.35 
Vee=5V 

IOL=8mA 0.15 0.25 0.15 0.4 

IOH=-100mA 13 13.3 12.75 13.3 

High-level output voltage 
Vee=15V 

IOH =-200 rnA 12.5 12.5 V 

Vee=5V IOH=-100mA 3 3.3 2.75 3.3 

Vee=15V 10 12 10 15 
Output low, No load 

Vee=5V 3 5 3 6 
Supply current rnA 

Vee = 15V 9 10 9 13 
Output high, No load 

Vce=5V 2 4 2 5 

NOTE 2: This parameter influences the maximum value of the timing resistors RA and RS in the circuit of Figure 12. For example, when 
Vee = 5 V, the maximum value is.R = RA ~ RS = 3.4 MO, and for Vee = 15 V, the maximum value is 10 MO. 

operating characteristics, Vee = 5 V and 15 V 

TEST SE555 
NE555, SA555, 

PARAMETER 
CONDITIONSt 

SE555C UNIT 

MIN TYP MAX MIN TYP MAX 

Each timer, monostable§ 0.5% 1.5% 1% 3% 
Initial error of timing interval:j: 

Each timer, astable~ 
TA = 25°C 

1.5% 2.25% 

Temperature coefficient Each timer, monostable§ 30 100 50 
of timing interval Each timer, astable~ 

TA = MIN to MAX 
90 150 

ppm/oe 

Supply voltage sensitivity Each timer, monostable§ 0.05 0.2 0.1 0.5 
TA = 25°C "IoN 

of timing interval Each timer, astable~ 0.15 0.3 

Output pulse rise time eL= 15pF, 100 200 100 300 
ns 

Output pulse fall time TA=25°e 100 200 100 300 
.. .. .. t For condItIons shown as MIN or MAX, use the appropriate value specIfIed under recommended operatIng condItIons . 

:j: Timing interval error is defined as the difference between the measured value and the average value of a random sample from each process 
run. 

§ Values specified are for a device in a monostable circuit similar to Figure 9, with component values as follow: RA = 2 kQ to 100 kO, e = 0.1 IiF. 
~ Values specified are for a device in an astable Circuit similar to Figure 12, with component values as follow: RA = 1 kQ to 100 kO, e = 0.1 IiF. 

~TEXAS 
INSTRUMENTS 
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NE555, NE555V, SA555, SE555, SE555C 
PRECISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

electrical characteristics, Vee = 5 V to 15 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

Vee = 15V 8.8 
THRES voltage level 

Vee=5V 2.4 

THRES current (see Note 2) 

Vee=15V 4.5 
TRIG voltage level 

Vee=5V 1.1 

TRIG current TRIG atOV 

RESET voltage level 0.3 

RESET current 
RESET at Vee 

RESETatOV 

DISCH switch off-state current 

Vee=15V 9 
eONT voltage (open circuit) 

Vee=5V 2.6 

IOL=10mA 

IOL=50 rnA 
Vee=15V 

IOL= 100mA 
Low-level output voltage 

IOL=200mA 

IOL=5 rnA 
Vee=5V 

IOL=8 rnA 

IOH=-100mA 12.75 

High-level output voltage 
Vee=15V 

IOH =-200 rnA 

Vee=5V IOH=-100mA 2.75 

Vee=15V 
Output low, No load 

Vee =5V 
Supply current 

Vee=15V 
Output high, No load 

Vee=5V 

TYP MAX UNIT 

10 11.2 
V 

3.3 4.2 

30 250 nA 

5 5.6 
V 

1.67 2.2 

0.5 2 JJ.A 
0.7 1 V 

0.1 0.4 
rnA 

-0.4 -1.5 

20 100 nA 

10 11 
V 

3.3 4 

0.1 0.25 

0.4 0.75 

2 2.5 
V 

2.5 

0.1 0.35 

0.15 0.4 

13.3 

12.5 V 

3.3 

10 15 

3 6 
rnA 

9 13 

2 5 

NOTE 2: This parameter Influences the maximum value of the timing resistors RA and RB In the CirCUit of Figure 12. For example, when 
Vee = 5 V, the maximum value is R = RA + RB = 3.4 MO, a"nd for Vee = 15 V, the maximum value is 10 MO 

operating characteristics, Vee = 5 V and 15 V, TA = 25°C (unless otherwise noted) 

PARAMETER 
TEST 

MIN TYP MAX UNIT 
CONDITIONS 

Initial error of timing intervalt 
Each timer, monostable:l: 1% 3% 

Each timer, astable§ 2.25% 

Supply voltage sensitivity of timing interval 
Each timer, monostable:l: 0.1 0.5 

Each timer, astable§ 
%N 

0.3 

Output pulse rise time 100 300 
eL= 15 pF ns 

Output pulse fall time 100 300 

t Timing Interval error IS defined as the difference between the measured value and the average value of a random sample from each process 
run. 

:I: Values specified are for a device in a monostable circuit similar to Figure 9, with component values as follow: RA = 2 kO to 100 kO, e = 0.1 I1F. 
§ Values specified are for a device in an astable circuit similar to Figure 12, with component values as follow: RA = 1 kO to 100 kf.!, e = 0.1 I1F. 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

TYPICAL CHARACTERISTICSt 

LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 

VCC-5V 

I 
TA=-55oC __ 

/ ;;.-.... 
'== TA=25oC 
-

" 7Y.. 
TA = 125°C 

" 

2 4 7 10 20 40 70100 

IOl - low-level Output Current - rnA 

Figure 1 

LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 

VCC-15V 

TA=-55bC", 

TA=25oC~ 
7 

V ... ~ 
TA = 125°C ~ i?' 

...... :....:::: 
po 

1 2 4 7 10 20 40 70100 

IOl - low-level Output Current - rnA 

Figure 3 

10 
7 

> 4 
I 

cP 
Cl 2 
.!!! 
~ 1 
:; 0.7 
% 
0 0.4 

l 0.2 cP 
....I 

~ 0.1 
....I 0.07 I 

....I 0.04 -? 
0.02 

0.01 

LOW-LEVEL OUTPUT VOLTAGE 
vs 
LOW-LEVEL OUTPUT CURRENT 

VCC=10V 

TA=25oC _ 1[/1; 

TA- 55°C 

TA= 125°C" 

~ ~ 

~ 

~ 
II"" 

1 2 4 7 10 20 40 70 100 

IOl - low-Level Output Current - rnA 

Figure 2 

DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT 
vs 
HIGH-LEVEL OUTPUT CURRENT 

2.0 

1.8 

> 1.6 
I 
a. 
2 1.4 
C 
cP 

1.2 Cl 
.!!! 
~ 
I 

::c 0.8 -? 
I 0.6 
0 
~ 0.4 

0.2 

0 
1 

TA=-55OC -~~ 

I 
TA = 25°C ~ -.... 

I..-
TA = 125°C --I-"" 

vCf=~v~o~~~ II 
2 4 7 10 20 40 70 100 

IOH - High-level Output Current - rnA 

Figure 4 

t Data for temperatures below O°C and above 70°C are applicable for SE555 circuits only . 

." TEXAS 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TI.MERS 

SLFS022-SEPTEMBER 1973- REVISED FEBRUARY 1992 

TYPICAL CHARACTERISTICSt 

10 

9 

8 

0( 
7 E 

I 
C 6 
~ 
'" 5 C) 

a 4 Co 

'" 1/1 
3 I 

C) 

E 2 

o 

1.015 
oC) 

~ 
II 1.010 
~ 
'Ii 
GI 

1.005 '" ~ 
.s 
~ 

~ 
c 0.995 .2 
i! 
'" Q 

11 0.990 

'" II. 

0.985 

SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 

r- ~utPJt LO~, 
NOLiad I 

TAI= 25!e -1\ a 
~ ~ 

~ ~ 

A 
v 

~ ~ ~ '--1 (It. = 15°e 

~ ~ \.r- A = 125°e 

V 

~ 
~ 

5 6 7 8 9 10 11 12 13 14 15 

Vee - Supply Voltage - V 

Figure 5 

NORMALIZED OUTPUT PULSE DURATION 
(MONOSTABLE OPERATION) 
vs 
FREE-AIR TEMPERATURE 

ve~=10IV 

.. -..., 
r--r-- -r--r----

> 1.015 
Q ... 
II 

~ 1.010 

'Ii 
! 1.005 
~ 
.s 

j 
S 0.995 

! 
.5 11 0.990 

~ 

NORMALIZED OUTPUT PULSE DURATION 
(MONOSTABLE OPERATION) 
vs 
SUPPLY VOLTAGE 

\ ~ ~ .--
r--

0.985 
o 5 10 15 

In 
C 
I 

GI 
E 
1= 
i;" 
;!i 

i 
II. 
I 
Q 

~ 

Vee - Supply Voltage - V 

Figure 6 

PROPAGATION DELAY TIME 
vs 
LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE 

20 

-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °e 

0.1 x Vee 0.2 x Vee 0.3 x Vee 0.4 x Vee 
Lowest Voltage Level of Trigger Pulse 

Figure 7 

t Data for temperatures below O°C and above 70°C are applicable for SE555 circuits only. 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

monostable operation 

For monostable operation, any of these timers may be connected as shown in Figure 9. If the output is low, 
application of a negative-going pulse to TRIG sets the flip-flop (0 goes low), drives the output high, and turns 
off 01. Capacitor C is then charged through RA until the voltage across the capacitor reaches the threshold 
voltage of THRES input. If TRIG has returned to a high level, the output of the threshold comparator will reset 
the flip-flop (0 goes high), drive the output low, and discharge C through 01. 

~G,fto 15 V) 

RA=9.1 kn 
I- CL = 0.01 IlF 

RL=1 kn 
r- See Figure 9 

II II II 
!J IU U U 

.?! 
Input Voltage 

5 8 :s! 
:> 
C'I 

CONT VCC I 
l- i""- - -

RESET 
CD 

RL CI 

:ll! 
DISCH 

3 ~ 
OUT Output 

THRES 

TRIG 
GND 

Input ---11----10.--1 

Output Voltage 

11 / I 
I If II I I 

-=- Capacitor Voltal\e 

Pin numbers shown are for the D, JG, and P packages. Time-O.1 ms/div 

Figure 9. Circuit for Monostable Operation 

Monostable operation is initiated when TRIG 
voltage falls below the trigger threshold. Once 
initiated, the sequence ends only if TRIG is high 
at the end of the timing interval. Because of the 
threshold level and saturation voltage of 01, 
the output pulse duration is approximately 
tw = 1.1 RAC, Figure 11 is a plot of the time 
constant for various values of RA and C. The 
threshold levels and charge rates are both directly 
proportionaltothesupplyvoltage, Vee. The timing 
interval is therefore independent of the supply 
voltage, so long as the supply voltage is constant 
during the time interval. 

Figure 10. Typical Monostable Waveforms 

Applying a negative-going trigger pulse simulta
neously to RESET and TRIG during the timing 
interval discharges C and re-initiates the cycle, 
commencing on the positive edge of the reset 
pulse. The output is held low as long as the reset 
pulse is low. To prevent false triggering, when 
RESET is not used, it should be connected to Vee. 

10 

10-5 
0.001 0.01 0.1 10 100 

C - CapaCitance - IlF 

Figure 11. Output Pulse Duration vs Capacitance 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

astable operation 

As shown in Figure 12, adding a second resistor, RB, to the circuit of Figure 9 and connecting the trigger input 
to the threshold input causes the timer to self-trigger and run as a multivibrator. The capacitor C will charge 
through RA and RB and then discharge through RB only. The duty cycle may be controlled, therefore, by the 
values of RA and RB. 

This astable connection results in capacitor C charging and discharging between the threshold-voltage level 
(=O.67eVcc) and the trigger-voltage level (=O.33eVcc). As in the monostable circuit, charge and discharge 
times (and therefore the frequency and duty cycie) are independent of the supply voltage. 

rsCVto 15 V) 

0.01 I1F -:c-

Open -= 
RA 

(see Note A) 5 8 
CONT VCC 

4 
RL RESET 

7 
DISCH 3 

6 OUT Output 
RB THRES 

2 
TRIG 

GND 

C-:c- -= -= 
Pin numbrs shown are for the D, JG, and P packages. 

NOTE A: Decoupling CaNT voltage to ground with a 
capacitor may improve operation. This should be 
evaluated for individual applications. 

Figure 12. Circuit for Astable Operation 

> 
;5! 
>' 

~TEXAS 
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R~=5IkQ I R~= 11k,Q I 
r- RB =3kQ See Figure 12 
r- C =0.15 IlF 

-~ 
-r---- 4- Output Voltage 

/ \ / \ .A\ .A\ 
V 'V YIYI 

I caPlacito, VOljage I 

Time - 0.5 msldlv 

Figure 13. Typical Astable Waveforms 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SlFS022-SEPTEMBER 1973- REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

Figure 13 shows typical waveforms generated during astable operation. The output high-level duration tH and 
low-level duration tL may be calculated as follows: 

tH = 0.693 (RA + RS) C 

tL = 0.693 (RS) C 

Other useful relationships are shown below. 

period = tH + tL = 0.693 (RA + 2RS) C 

frequency"" (RA : ·~~s) C 

t 
Output driver duty cycle = r-+t 

H L 

Output waveform duty cycle 
t 

=_H_=1 
tH + tL 

tL 
Low-to-high ratio = tH 

missing-pulse detector 

100k 

0.1 
0.001 

RA+2 RB= 1 kQ , , 
RA+2RB=10kQ 

0.01 0.1 10 

C - Capacitance - ILF 

Figure 14. Free-Running Frequency 

100 

The circuit shown in Figure 15 may be used to detect a missing pulse or abnormally long spacing between 
consecutive pulses in a train of pulses. The timing interval of the monostable circuit is continuously retriggered 
by the input pulse train as long as the pulse spacing is less than the timing interval. A longer pulse spacing, 
missing pulse, or terminated pulse train permits the timing interval to be completed, thereby generating an 
output pulse as illustrated in Figure 16. 

VCC(5Vto15V) 

4 8 RL RA 

YCC=5V 
RA=1 kQ 
C=0.1ILF 
See Figure 15 

Input RESET Vce 3 
2 OUT Output 

TRIG .~ 

~ 
DISCH 

7 '" I 

I I I I I I I 
1 L 1 L 1 L l l 

Input Voltage 

GI 

5 01 

6 
as 

CONT z:: 
0.0111F 

THRES !t 
T TC 
-= -= 

Out ut Voltage 

/I /I /I /I 1/ /1/1 /I 
A5T3644 I I ~ L V I 

Capacitor Volta,ge 

Pin numbers shown are shown for the D, JG, and P packages. Time - 0.1 msJdiv 

Figure 15. Circuit for Missing Pulse Detector Figure 16. Circuit for Missing Pulse Detector 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SlFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

frequency divider 

By adjusting the length of the timing cycle, the basic circuit of Figure 9 can be made to operate as a frequency 
divider. Figure 17 illustrates a divide-by-three circuit that makes use of the fact that retriggering cannot occur 
during the timing cycle. 

> 

! ... 
I 

J 
~ 

VCC=5V 
I 

RA=1250Q 
C = 0.021lF 
See Figure 9 

I I I 
I L L I 

./ n 
/" V 

I I I I 
I I L L I I 
Input Voltage 

I--

Output Voltage 

L "1 ./' H 
l /' lV 

Capacitor Voltal\e 

Time - 0.1 ms/div 

Figure 17. Divide-By-Three Circuit Waveforms 

pulse-width modulation 

8-14 

The operation of the timer may be modified by modulating the internal threshold and trigger voltages, which is 
accomplished by applying an external voltage (or current) to CONT. Figure 18 shows a circuit for pulse-width 
modulation. A continuous input pulse train triggers the monostable circuit, and a control signal modulates the 
threshold voltage. Figure 19 illustrates the resulting output pulse-width modulation. While a sine-wave 
modulation signal is illustrated, any wave shape could be used. 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

Clock 
Input 

Modulation 
Input 
(see Note A) 

~ 

2... 

VCC (5 V to 15 V) 

4\ 8 RL 

RESET VCC 3 

TRIG 
OUT 

7 
DISCH 

CaNT 6 
THRES 

GND 

~ T 
Pin numbers shown are for the D, JG, and P packages only. 

Output 

C 

NOTE A: The modulating signal may be direct or capacitively 
coupled to CONT. For direct coupling, the effects of 
modulation source voltage and impedance on the bias of 
the timer should be considered. 

> 
;@ 
> 
N 
I 

t 
~ 

Time - 0.5 ms/div 

Figure 18. Circuit for Pulse-Width Modulation Figure 19. Pulse-Width Modulation Waveforms 

pulse-position modulation 

As shown in Figure 20, any of these timers may be used as a pulse-position modulator. This application 
modulates the threshold voltage, and thereby the time delay, of a free-running oscillator. Figure 21 illustrates 
a triangular-wave modulation signal for such a circuit; however, any wave shape could be used. 

VCC(5Vt015V) 

41 8 RL ? RA 

RESET VCC 3 
2 OUT 

- TRIG 
.2!: 

Output ~ 

Modulation 
Input 
(see Note A 

....L 
) 

CaNT 

GND 

.1 

DISCH r-L-
RB 

THRES ~ 
~ 

-±C T 
Pin numbers shown are for the D, JG, and P packages only. 

NOTE A: The modulating signal may be direct or capacitively 
coupled to CONT. For direct coupling, the effects of 
modulation source voltage and impedance on the bias of 
the timer should be considered. 

N 
I 

t 
~ 

RA=3kn 
I--t--i---t- RB = 500 Q 

RL=1 kn 
f--+--:;Jo.,--+-- See Figure 20 

Time - 0.1 ms/div 

Figure 20. Circuit for Pulse-Position Modulation Figure 21. Pulse-Position-Modulation Waveforms 
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NE555, NE555Y, SA555, SE555, SE555C 
PRECISION TIMERS 

SLFS022 - SEPTEMBER 1973 - REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

sequential timer 

S 

0.01 
I1F 

2 TRIG 

5 

RA 

3 

DISCH 7 

VCC 

33kO RB 

2 TRIG 
3 

0.001 
7 I1F DISCH 

5 

33kO 

0.001 
I1F 

Output A 
CB = 4.7 I1F 
RB=1ookO 

Output B 

S closes momentarily at t = O. 
Pin numbers shown are for the D, JG, and P packages only. 

Figure 22. Sequential Timer Circuit 

RC 

3 2 
TRIG 

DISCH 
7 

5 

OutputC 

Many applications, such as computers, require signals for initializing conditions during start-up. Other 
applications, such as test equipment, require activation of test signals in sequence. These timing circuits may 
be connected to provide such sequential control. The timers may be used in various combinations of astable 
or monostable circuit connections, with or without modulation, for extremely flexible waveform control. Figure 22 
illustrates a sequencer circuit with possible applications in many systems, and Figure 23 shows the output 
waveforms. 

&-16 

.~ 
3:! 
> 
II> 
I 

t 
~ 

S,FigUr~22 
1. It A 

Output A w tv A = 1.1
1 
RACA 

--l .- .I 
twBI 

Output B 
twB =11.1 RBCB 

OutputC twC ~ t C=1. RCCC 

I+-t=o 
I 
t - Time -1 s/div 

Figure 23. Sequential Timer Waveforms 
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• Two Precision Timing Circuits per Package 

• Astable or Monostable Operation 
• TTL-Compatible Output Can Sink or Source 

Upto 150 mA 

• Active Pullup or Pulldown 
• Designed to be Interchangeable With 

Signetics SE556, SE556C, SA556, NE556 

applications 
Precision Timer From Microseconds to 
Hours 
Pulse-Shaping Circuit 
Missing-Pulse Detector 
Tone-Burst Generator 
Pulse-Width Modulator 
Pulse-Position Modulator 
Sequential Timer 
Pulse Generator 
Frequency Divider 
Application Timer 
Industrial Controls 
Touch-Tone Encoder 

SE556C FROM TIIS NOT 
RECOMMENDED FOR NEW DESIGNS 

description 

These devices provide two monolithic, indepen
dent timing circuits of the NE555, SA555, SE555, 
or SE555C type in each package. These circuits 
can be operated in the astable or the monostable 
mode with external resistor-capacitor timing 
control. The basic timing provided by the RC time 
constant may be actively controlled by modulating 
the bias of the control voltage input. 

The threshold and trigger levels are normally 
two-thirds and one-third respectively of Vcc. 
These levels can be altered by use of the control 
voltage terminal. When the trigger input falls 
below trigger level, the flip-flop is set and the 
output goes high. If the trigger input is above the 
trigger level and the threshold input is above the 
threshold level, the flip-flop is reset and the output 
is low. The reset input can override all other inputs 
and can be used to initiate a new timing cycle. 
When the reset input goes low, the flip-flop is reset 
and the output goes low. Whenever the output is 
low, a low impedance path is provided between 
the discharge terminal and ground. 

NE556,SA556,SE556,SE556C 
DUAL PRECISION TIMERS 

SLFS023A- APRIL 1978 - REVISED OCTOBER 1992 

NE556, SA556 .•. D, J, OR N PACKAGE 
SE556, SA556C ... J PACKAGE 

(TOP VIEW) 

1DISCH 1 Vcc 
HHRES 2DISCH 

1CONT 2THRES 
1 RESET 4 

10UT 2RESET 
1TRIG 20UT 

GND 7 8 2TRIG 

Ii 
SE556, SE556C •.• FK PACKAGE 

(TOP VIEW) 

W~ ~ we:; e:; 
a: w OW :z:-o -
t:5:!z~~ 

1CONT 
3 2 1 2019 

2THRES 4 18 
NC 5 

1 RESET 6 
NC 7 

10UT 8 

17 
16 
15 

14 
9 10 11 1213 

(!lCO(!l~ 
o:zZO:5 
t:(!l \:\iN 

NC - No internal connection 

NC 

2CONT 

NC 

2RESET 

functional block diagram (each timer) 

VCC RESET 
CaNT 

THRES -+--1--1' 
OUT 

TRIG -+---(1 ...... 

DISCH 

GND 

RESET can override TRIG. which can override THRES. 
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NE556,SA556,SE556,SE556C 
DUAL PRECISION TIMERS 
SLFS023A - APRIL 1978 - REVISED OCTOBER 1992 

description (continued) 

The NE556 is characterized for operation from O°C to 70°C. The SA556 is characterized for operation from 
- 40°C to 85°C, and the SE556 and SE556C are characterized for operation over the full military range of- 55°C 
to 125°C. 

AVAILABLE OPTIONS 

PACKAGE 

TARANGE 
Vthres max 

SMALL OUTLINE CHIP OUTLINE CERAMIC DIP PLASTIC DIP VCC=15V 
(D) (FK) (J) (N) 

O°C to 70°C 11.2V NE55BD NE556J 

- 40°C to 85°C 11.I1V SA55BD SA55BJ SA55BN 

- 55°C to 125°C 
10.BV SE55BFK 
11.2V SE55BCFK 

The D package IS available taped and reeled. Add the suffix R to the devlcetype (e.g., NE55BDR). 

FUNCTION TABLE 

RESET TRIGGER VOLTAGEt THRESHOLD VOLTAGEt OUTPUT DISCHARGE SWITCH 

Low Irrelevant Irrelevant Low On 

High < 1/3VOD Irrelevant High Off 

High > 1/3VDO > 213 VDO Low On 

High > 1/3VDD > 213 VOO As previously established 

t Voltage levels shown are nominal. 

absollute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage, Vee (see Note 1 j ........................................................... 18 V 
Input voltage (CONT, RESET, THRES, and TRIG) ............................................. Vee 
Output current ........................................................................ ±225 rnA 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range: NE556 .......................................... O°C to 70°C 

SA556 ....................................... -40°C to 85°C 
SE556, SE556C ............................. '. -55°C to 125°C 

Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ................ 260°C 

:j: 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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to network ground terminal. 

PACKAGE 
TA:525°C 

POWER RATING 

0 950mW 

FK 1375mW 

J (NE556, SAS56) 1025mW 

J (SE556, SE556C) 1375mW 

I N 1575mW 

8-18 

DISSIPATION RATING TABLE 

DERATING FACTOR TA=70°C 
ABOVE TA = 25°C POWER RATING 

7.BmW/oC B08mW 

11.0mW/oC 880mW 

8.2mW/oC 65BmW 

11.0mW/oC 880mW 

12.6mW/oC l008mW 

~TEXAS 
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TA = 85°C TA= 125°C 
POWER RATING POWER RATING 

494mW NlA 

715mW 275mW 

533mW NlA 

715mW 275mW 

891 mW NlA 



NE556, SA556, SE556, SE556C 
DUAL PRECISION TIMERS 

SLFS023A - APRIL 1978 - REVISED OCTOBER 1992 

recommended operating conditions 

NE556 SA556 SE556 SE556C 
UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

Supply voltage, Vee 4.5 16 4.5 16 4.5 18 4.5 16 V 

Input voltage (eONT, RESET, THRES, and TRIG), VI Vee Vee Vee Vee V 

Output current, 10 ±200 ±200 ±200 ±200 mA 

Operating free-air temperature, TA 0 70 -40 85 -55 125 -55 125 °e 

electrical characteristics, Vee = 5 V to 15 V, TA = 25°C (unless otherwise noted) 

NE556, SA556, 
SE556 

PARAMETER TEST CONDITIONS SE556C UNIT 
MIN TYP MAX MIN TYP MAX 

Vee = 15V 8.8 10 11.2 9.4 10 10.6 
VT Threshold voltage level V 

Vee =5V 2.4 3.3 4.2 2.7 3.3 4 

IT Threshold current (see Note 2) 30 250 30 250 nA 

Vee= 15V 4.5 5 5.6 4.8 5 5.2 
VTRIG Trigger voltage level V 

Vee =5V 1.1 1.67 2.2 1.45 1.67 1.9 

ITRIG Trigger currenl TRIG atOV 0.5 2 0.5 0.9 !JA 
VRESET Reset voltage level 0.3 0.7 1 0.3 0.7 1 V 

RESET at Vee 0.1 0.4 0.1 0.4 
IRESET Reset current mA 

RESETatOV -0.4 -1.5 -0.4 -1 

IDISeH Discharge switch off-state current 20 100 20 100 nA 

Vee = 15V 9 10 11 9.6 10 10.4 
VeONT Control voltage (open circuit) V 

Vee=5V 2.6 3.3 4 2.9 3.3 3.8 

'OL=10mA 0.1 0.25 0.1 0.15 

IOL=50mA 0.4 0.75 0.4 0.5 
Vee=15V 

'OL= 100mA 2 2.5 2 2.2 
VOL Low-level output voltage V 

'OL=200mA 2.5 2.5 

IOL=5mA 0.1 0.25 0.1 0.15 
Vee=5V 

'OL=8mA 0.15 0.3 0.15 0.25 

'OH=-100mA 12.75 13.3 13 13.3 

VOH High-level output voltage 
Vee = 15V 

IOH=-200mA 12.5 12.5 V 

Vee=5V 'OH=-100mA 2.75 3.3 3 3.3 

Output high, Vee=15V 20 30 20 24 

No Load Vee=5V 6 12 6 10 
ICC Supply current nA 

Output high, Vee=15V 18 26 18 20 
No load Vee=5 V 4 10 4 8 

NOTE 2: This parameter Influences the maximum value of the timing resistors RA and RS In the circuit of Figure 1. For example, when 
Vee = 5 V, the maximum value is R = RA + RS = 3.4 Mn, and for Vee = 15 V, the maximum value is = 10 Mn. 
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NE556,SA556,SE556,SE556C 
DUAL PRECISION TIMERS 
SLFS023A-APRIL 1978- REVISED OCTOBER 1992 

operating characteristics, V CC = 5 V and 15 V 

TEST 
PARAMETER CONDITIONSt 

Each timer,monostable§ 

Initial error of timing interval:j: Each timer, astablell TA = 25°C 

Timer 1 - Timer 2 

Each timer, monostable§ 
Temperature coefficient of 

Each timer, astablell TA = MIN to MAX 
timing interval 

Timer 1 - Timer 2 

Each timer, monostable§ 
Supply voltage sensitivity of 

Each timer, astable 11 TA = 25°C 
timing interval 

Timer 1 - Timer 2 

Output pulse rise time CL= 15 pF, 

Output pulse fall time TA = 25°C 

NE556, SA556, 
SE556 

SE556C 

MIN TYP MAX MIN TYP 

1 3 0.5 

2.25% 1.5% 

±1 ±0.5 

50 30 

150 90 

±10 ±10 

0.1 0.5 0.05 

0.3 0.15 

±0.2 ±0.1 

100 300 100 

100 300 100 
.. t For conditions shown as MIN or MAX, use the appropriate value speCified under recommended operating conditions . 

UNIT 

MAX 

1.5 

100 

ppm/oC 

0.2 

%IV 

200 
ns 

200 

:j: Timing interval error is defined as the difference between the measured value and the average value of a random sample from each process 
run. 

§ Values specified are for a device in a monostable circuit similar to Figure 2, with component values as follow: RA = 2 kil to 100 kQ, C = 0.1I1F. 
11 Values specified are for a device in an astable circuit similar to Figure 1, with component values as follow: RA = 1 kQ to 100 kil, C = 0.111F. 

APPLICATION INFORMATION 

VCC 
(5 V to 15 V) 

RA 

RESET RL 

DISCH 

OUT OUT 
RS 

THRES 

TRIG 
GND 

C I 
-=- -=-

NOTE A: Bypassing the control voltage input to ground with a 
capacitor may improve operation. This should be 
evaluated for individual applications. 

RA 

INPUT 

T 

VCC 
(5Vt015V) 

O.01 I1Ffl 
CONT VCC 

RESET 

DISCH 

OUT 

THRES 

TRIG GND 

1 

R L 

OUT 

Figure 1. Circuit for Astable Operation Figure 2. Circuit for Monostable Operation 
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TL026C 
DIFFERENTIAL HIGH-FREQUENCY AMPLIFIER WITH AGC 

• Low Output Common~Mode Sensitivity to 
AGC Voltages 

• Input and Output Impedances Independent 
of AGC Voltage 

• Peak Gain ... 38 dB Typ 

• Wide AGe Range ... 50 dB Typ 

• 3-dB Bandwidth ... 50 MHz 
• Other Characteristics Similar to NE592 and 

uA733 

description 

This device is a monolithic two-stage high
frequency amplifier with differential inputs and 
outputs. 

symbol 

AGC 

IN+ 

IN-

D OR P PACKAGE 
(TOP VIEW) 

AGC 2 7 REF OUT 
IN+[]S IN-

VCC 3 6 VCC+ 

OUT+ 4 5 OUT-

2 7 
REF OUT 

1 

~ 
4 

OUT+ 
S 5 

OUT-

1990 

Internal feedback provides wide bandwidth, low phase distortion, and excellent gain stability. Variable gain 
based on signal summation provides large AGC control over a wide bandwidth with low harmonic distortion. 
Emitter-follower outputs enable the device to drive capacitive loads. All stages are current-source biased to 
obtain high common-mode and supply-voltage rejection ratios. The gain may be electronically attenuated by 
applying a control voltage to the AGC pin. No external compensation components are required. 

This device is particularly useful in TV and radio IF and RF AGC circuits, as well as magnetic-tape and disk-file 
systems where AGC is needed. Other applications include video and pulse amplifiers where a large AGC range, 
wide bandwidth, low ph,ase shift, and excellent gain stability are required. 

The TL026C is characterized for operation from O°C to 70°C. 

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

Supply voltage, V cc+ (see Note 1) ........................................................... 8 V 
Supply voltage, Vcc- (see Note 1) .......................................................... - 8 V 
Differential input voltage ................................................................... ±5 V 
Common-mode input voltage ............................................................... ±6 V 
Output current .......................................................................... ±10 rnA 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range .................................................. O°C to 70°C 
Storage temperature range ....................................................... - 65°C to 150°C 
Lead temperature range 1,6 mm (1/16 inch) from case for 10 seconds .......................... 260°C 

t Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the recommended operating conditions section of 
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltages are with respect to the midpoint of VCC+ and VCe- except differential input and output voltages. 

DISSIPATION RATING TABLE 

TA" 25°C OPERATING FACTOR 
PACKAGE 

POWER RATING ABOVE TA = 25°C 

D 

P 

~~~~cn~::r:1: 8J:e~:C=8 is~=r::l e~~~~~"!: 
standard warranty. Production processing does not nece8sarlty Include 
testing of all parameters. 

725mW 

1000mW 

5.S mW/oC 

S.OmW/oC 
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TA=70°C 
POWER RATING 

464mW 

640mW 

Copyright © 1990, Texas Instruments Incorporated 
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TL026C 
DIFFERENTIAL HIGH·FREQUENCY AMPLIFIER WITH AGC 

SLFS007A-JUNE 1985- REVISED JULY 1990 

recommended operating conditions 
MIN NOM MAX UNIT 

Supply voltage, Vce + 3 6 8 V 

Supply voltage, Vce- -3 -6 -8 V 

Operating free-air temperature range, TA 0 70 °c 

electrical characteristics at 25°C operating free-air temperature, V CC+ = ±6 V, V AGC = 0, REF OUT pin 
open (unless otherwise specified) 

PARAMETER 

AvO 
Large-signal differential voltage 
amplification 

MVO Change in voltage amplification 

Vref Voltage at REF OUT 

BW Bandwidth (- 3 dB) 

110 Input offset current 

liB Input bias current 

VICR 
Common-mode input voltage 
range 

VOC Common-mode output voltage 

!NOC 
Change in common-mode output 
voltage 

VOO Output offset voltage 

VO(PP) 
Maximum peak-to-peak output 
voltage swing 

ri 
Input resistance at AGC, IN+, or 
IN-

ro Output resistance 

CMRR Common-mode rejection ratio 

kSVR 
Supply voltage rejection ratio 
(aVCC I aVIO) 

Vn 
Broadband equivalent noise 
voltage 

tpd Propagation delay time 

tr Rise time 

Isink(max) Maximum output sink current 

ICC Supply current 

8-22 

FIGURE TEST CONDITIONS 

1 VO(PP) = 3 V, RL = 2 k.Q 

1 
VIPP = 28.5 mY, RL = 2 kO 
VAGC - Vref = ±180 mV 

Iref = -1 rnA to 100 I1A 
2 VO(PP)= 1 V, VAGC-Vref=±180mV 

3 

1 RL=oo 

1 VAGC=Oto2V, RL=oo 

1 VID = 0, RL = 00 

1 RL= 2 k.Q 

3 VIC=±l V,f= 100kHz 
3 VIC = ±1 V, f = 5 mHz 

4 
aVCC+=±0.5V, 
aVCC_=±0.5V 

4 BW= 1 kHz to 10 MHz 

2 aVO=l V 

2 aVO=l V 

VID = 1 V, Vo = 3 V 

No load, No signal 
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MIN TYP MAX UNIT 

65 85 105 VN 

-50 dB 

1.3 1.5 V 

50 MHz 

0.4 5 I1A 
10 30 I1A 

±1 V 

3.25 3.75 4.25 V 

300 mV 

0.75 V 

3 4 V 

10 30 k.Q 

20 0 

60 86 
dB 

60 

50 70 dB 

12 I1V 

6 10 ns 

4.5 12 ns 

3 4 mA 

22 27 mA 
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electrical characteristics over recommended operating free-air temperature range, V CC± = ±6 V, 
VAGC = 0, REF OUT pin open (unless otherwise specified) 

AVO 

110 

liB 

VICR 

VOO 

VO(PP) 

fj 

CMRR 

kSVR 

Isink(max) 

ICC 

AGC 

IN+ 

IN-

PARAMETER FIGURE TEST CONDITIONS MIN TYP 

Large-signal differential voltage amplification 1 VO(PP) = 3 V, RL= 2 kn 55 

Input offset current 

Input bias current 

Common-mode input voltage range 3 ±1 

Output offset voltage 1 VIO = 0, RL== 

Maximum peak-to-peak output voltage swing 1 RL=2 kO 2.8 

Input resistance at AGC, IN+, or IN- 8 

Common-mode rejection ratio 3 VIC = ±1 V, f = 100 kHz 50 

Supply voltage rejection ratio 
4 

AVCC+=±0.5V, 
50 

(AVCC I AVIO) AVCC_=±0.5V 

Maximum output sink current VIO = 1 V, Vo = 3 V 2.8 4 

Supply current 1 No load, No signal 

PARAMETER MEASUREMENT INFORMATION 

REF OUT 

VAGC Vref 
I I 

OUT + 

RL 

OUT-

V~C 
Vo + + VO -

-= -= 2 

Figure 1. Test circuit Figure 2. Test Circuit 

Figure 3. Test Circuit 
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Figure 4. Test Curcuit 

MAX UNIT 

115 VN 

6 IlA 

40 !!A 
V 

1.5 V 

V 

kO 

dB 

dB 

mA 

30 mA 
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TYPICAL CHARACTERISTICS 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

DIFFERENTIAL GAIN-CONTROL VOLTAGE 

I I I 
VCC+=6V -- VCC-=-6 V ....... ~ - --. ,1~ 

TA = 25°C --" ~ - TA=O°C 

TA=70°C - +\, 
\ , 

\ 
\ 

"-... 
o 
-200 -100 o 

r--
100 200 

VAGC - Vref - Differential Gain-Control Voltage - mV 

Figure 5 
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APPLICATION INFORMATION 

gain characteristics 

Figure 5 shows the differential voltage amplification versus the differential gain-control voltage (VAGC - Vref)' 
V AGC is the absolute voltage applied to the AGC input and Vref is the dc voltage atthe REF OUT output. As V AGC 
increases with respect to Vref, the TL026C gain changes from maximum to minimum. As shown in Figure 5 for 
example, V AGC would have to vary from approximately 180 mV less than Vref to approximately 180 mV greater 
than Vref to change the gain from maximum to minimum. The total signal change in VAGC is defined by the 
following equation. 

tlVAGC = Vref + 180 mV - (Vref -180 mY) 

tlVAGC = 360 mV 

(1 ) 

However, because V AGC varies as the ac AGC signal varies and also differentially around Vref, then V AGC should 
have an ac signal component and a dc component. To preserve the dc and thermal tracking of the device, this 
dc voltage must be generated from Vref. To apply proper bias to the AGC input, the external circuit used to 
generate V AGC must combine these two voltages. Figures 6 and 7 show two circuits that will perform this 
operation and are easy to implement. The circuits use a standard dual operational amplifier for AGC feedback. 
By providing rectification and the required feedback gain, these circuits are also complete AGC systems. 

circuit operation 

Amplifier A 1 amplifies and inverts the rectified and filtered AGC signal voltage V C producing output voltage V1. 
Amplifier A2 is a differential amplifier that inverts V1 again and adds the scaled Vref voltage. This conditioning 
makes V AGC the sum of the signal plus the scaled Vref' As the signal voltage increases, V AGC increases and 
the gain of the TL026C is reduced. This maintains a constant output level. 

feedback circuit equations 

Following the AGC input signal (Figures 6 and 7) from the OUT output through the feedback amplifiers to the 
AGC input produces the following equations: 

1. AC ouput to diode D1 , assuming sinusoidal signals 
Vo = Vop (sin (wt)) 

where: 
VOP = peak voltage of Vo 

2. Diode D1 and capacitor C1 output 
Vc = VOP-VF 

where: 
VF = forward voltage drop of D1 
Vc = voltage across capacitor C1 

3. A1 output 

V1 = - R2 V 
R1 C 

4. A2 output (R3 = R4) 

R2 R6 
V AGC = FIT V C + 2 R5 + R6 V ref 
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(3) 

(4) 

(5) 
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APPLICATION INFORMATION 

Amplifier A2 inverts V1 producing a positive AGC signal voltage. Therefore, the input voltage to the TL026C 
AGC pin consists of an AGC signal equal to: 

(6) 

and a dc voltage derived from Vref, define,d as the quiescent value of V AGC' 

R6 
V AGC(q) = 2 R5 + R6 Vref (7) 

For the initial resistor calculations, Vref is assumed to be typically 1.4 V making quiescent V AGC approximately 
1.22 V (V AGc(q) = Vref-180 mY). This voltage allows the TL026C to operate at maximum gain under no-signal 
and low-signal conditions. In addition, with Vref used as both internal and external reference, its variation from 
device to device automatically adjusts the overall bias and makes AGC operation essentially independent of 
the absolute value of Vref. The resistor divider needs to be calculated only once and is valid for the full tolerance 
of Vref. 

output voltage limits (see Figures 6 and 7) 

The output voltage level desired must fall within the following limits: 

1. Because the data sheet minimum output swing is 3 V peak-to-peak using a 2-kQ load resistor, the 
user-selected design limit for the peak output swing should not exceed 1.5 V. 

2. The voltage drop of the rectifying diode determines the lower voltage limit. When a silicon diode is used, 
this voltage is approximately 0.7 V. The output voltage Va must have sufficient amplitude to exceed the 
rectifying diode drop. Aschottky diode can be used to reduce the Va level required. 

gain calculations for a peak output voltage of 1 V 

8-26 

A peak output voltage of 1 V was chosen for gain calculations because it is approximately midway between the 
limits of conditions 1 and 2 in the preceding paragraph. 

Using equation 3 (Vc = VOP - Vd), Vc is calculated as follows: 

Vc = 1 V-0.7V 

Vc =0.3 V 

Therefore, the gain of A 1 must produce a voltage V1 that is equal to or greater than the total change in V AGC 
for maximum TL026C gain change. 

With a total change in V AGC of 360 mV and using equation 4, the calculation is as follows: 

_ .Y1 = !:l. V AGC = R2 = 0.36 = 
Vc Vc R1 0.3 1.2 

If R1 is 10 kQ, R2 is 1.2 time R1 or 12 kQ. 

Since the output voltage for this circuit must be between 0.85 V and 1.3 V, the component values in 
Figures 6 and 7 provide a nominal 1-V peak output limit. This limit is the best choice to allow for temperature 
variations of the diode and minimum output voltage specification. 
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APPLICATION INFORMATION 

The circuit values in Figures 6 and 7 will produce the best results in this general application. Because of 
rectification and device input constraints, the circuit in Figure 6 will not provide attenuation and has about 
32 dB of control range. The circuit shown in Figure 7 will have approximately 25% variation in the peak output 
voltage limit due to the variation in gain of the TL592 device to device. In addition, if a lower output voltage is 
desired, the output of the TL026C can be used for approximately 40 mV of controlled signal. 

considerations for the use of the TL026C 

To obtain the most reliable results, RF breadboarding techniques must be used. A groundplane board should 
be used and power supplies should be bypassed with 0.1-IlF capacitors. Input leads and output leads should 
be as short as possible and separated from each other. . 

A peak input voltage greater than 200 mV will begin to saturate the input stages of the TL026C and, while the 
circuit is in the AGC mode, the output Signal may become distorted. 

To observe the output signal of TL026C or TL592, low-capacitance FET probes or the output voltage divider 
technique shown in Figure 6 should be used. 

VI ___ ( .. ) 
:!. SOQ 

10kQ 

112 TL082 

10kQ 

30kQ 12kQ 

V1 

112 TL082 -=-

20kQ 

NOTE: Vee + = 6 V and Vee _ = - 6 V for TL026e and amplifiers A1 and A2. 

Figure 6. Typical Application Circuit With No Attenuation 
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200Q 

Vout 

To Scope 
Monitor 
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APPLICATION INFORMATION 

1N914 R1 R2 R3 R4 

10kQ 12 kQ 10kQ 10kQ 

0.111F 
VAGC 

R5 

-=- 30kQ 
R6 
20kQ 

VOUT- _~I-----1I---a 1-------.-VI 

VOUT + --1---lI-----'----1 

To Scope 
Monitor 

.2000 

NOTE: Vee + = 6 V and Vee _ = - 6 V for TL026e and amplifiers A 1 and A2. 
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Figure 7. Typical Application Circuit With Attenuation 

~TEXAS 
INSTRUMt=:NTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

500 



• Excellent Dynamic Range 

• Wide Bandwidth 
• Built-In Temperature Compensation 

• Log Linearity (30 dB Sections) ... 1 dB Typ 

• Wide Input Voltage Range 

description 

This monolithic amplifier circuit contains four 
30-dB logarithmic stages. Gain in each stage is 
such that the output of each stage is proportional 
to the logarithm ofthe input voltage over the 30-dB 
input voltage range. Each half of the circuit 
contains two of these 30-dB stages summed 
together in one differential output that is 
proportional to the sum of the logarithms of the 
input voltages of the two stages. The four stages 
may be interconnected to obtain a theoretical 
input voltage range of 120-dB. In practice, this 
permits the input voltage range to be typically 
greater than a~-dB with log linearity of ± 0.5-dB 
(see application data). Bandwidth is from dc to 
40 MHz. 

This circuit is useful in military weapons systems, 
broadband radar, and infrared reconnaissance 
systems. It serves for data compression and 
analog compensation. This logarithmic amplifier 
is used in log IF circuitry as well as video and log 
amplifiers. The TL441 AM is characterized for 
operation over the full military temperature range 
of - 55°C to 125°C. 

TL441AM 
LOGARITHMIC AMPLIFIER 

JPACKAGE 
(TOP VIEW) 

16 

15 

14 

13 
y 12 

11 

A2 10 

Vcc+ 9 

CA2' 
A1 
NC 

Y 
Y 

FKPACKAGE 
(TOP VIEW) 

I 

U ~ (.)(..) ~ 
:9uzzu 

<eC\l + u C\I IN 
U ZIIl 
U 
> 

NC 

CB2 

CB2' 
GND 

61 
Z 
Z 
62 

CB2' 
GND 

NC 

61 
Z 

NC - No internal connection 

functional block diagram (one half) 

A1 
(B1) ---'---1 

CA2 
(CB2) -------, 

A2 
(B2) ---'---1 

CA2' ______ ....1 

(CB2') 

Y~logA1 +logA2;Z~logB1 +logB2 
where: A1, A2, B1, and B2 are in dBV, 0 dBV = 1 V. 

Y(Z) 

CA2, CA2', CB2, and CB2' are detector compensation inputs. 
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schematic 

8 Vcc + -------------__ ~r__>---... 

y _6 ________________________ ~ 

5 y-------------------------+ 

7 

A2-I,===+;:::+--~-~ 
4 

A1 

3 
CA2' 

CA2 ----+------1-----, 
2 

Vcc---~----+------~----~----~-------+------~----~----~ 

Pin numbers shown are for the J package. 

10 
Z 

11 
Z 

9 
B2 

12 
B1 

13 
GND 

14 

15 
CB2' 

CB2 

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

Supply lioltages (see Note 1): VCC+ .......................................................... 8 V 
VCC- .....•................................................... -8V 

Input voltage (see Note 1) ................................................................... 6 V 
Output sink current (anyone output) ........................................................ 30 mA 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range .............................................. -55°C to 125°C 
Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package .............................................. 260°C 
Lead temperature 1,6 mm (1116 inch) from case for 60 seconds: J package ..................... 300°C 

t Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device atthese or any other conditions beyond those indicated in the recommended operating conditions section ofthis 
specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabilitY. 

NOTE 1: All voltages, except differential output voltages, are with respect to network ground terminal. 

PACKAGE 

FK 
J 

TA,,25·C 
POWER RATING 

500mW 

500mW 

DISSIPATION RATING TABLE 

DERATING 
FACTOR 

11.0 mW'·C 

11.0mW'·C 

DERATE 
ABOVETA 

recommended operating conditions 

Peak-to-peak input voltage for each 30-dB stage 

. Operating free-air temperature, TA 
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TA=70·C 
POWER RATING 

500mW 

500mW 

TA = 125·C 
POWER RATING 

MIN 

0.01 

-55 

275mW 

275mW 

MAX UNIT 

1 V 

125 ·C 



electrical characteristics, Vcc± = ±6 V, TA = 25-OC 

PARAMETER 

Differential output offset voltage 

Quiescent output voltage 

DC scale factor (differential output), each 3-dB stage, - 35 dBV to - 5 dBV 

AC scale factor (differential output) 

DC error at - 20 dBV (midpoint of - 35 dBV to - 5 dBV range) 

Input impedance 

Output impedance 

Rise time, 10% to 90% points, Cl = 24 pF 

Supply current from VCC+ 

Supply current from VCC-

Power dissipation 

TL441AM 
LOGARITHMIC AMPLIFIER 

SLFS038 - JUNE 1976 - REVISED FEBRUARY 1989 

TEST 
MIN TYP MAX UNIT 

FIGURE 

1 . ±25 ±70 mV 

2 5.45 5.6 5.85 V 

3 7 8 11 mY/dB 

8 mY/dB 

3 1 2.6 dB 

500 Q 

200 Q 

4 20 35 ns 

2 14.5 18.5 23 mA 

2 -6 -8.5 -10.5 mA 

2 123 162 201 mW 

electrical characteristics over operating free-air temperature range, V CC± = ±6 V (unless otherwise 
noted) 

PARAMETER 
TEST 

MIN MAX 
FIGURE 

Differential output offset voltage 1 ±100 

Quiescent output voltage 2 5.3 5.85 

DC scale factor (differential output) each 30-dB stage, - 35 dBV to - 5 dBV 3 7 11 

ITA=-55°C 4 
DC error at - 20 dBV (midpoint of - 35 dBV to - 5 dBV range) 3 

ITA= 125°C 3 

Supply current from VCC+ 2 10 31 

Supply current from VCC- 2 -4.5 -15 

Power dissipation 2 87 276 

PARAMETER MEASUREMENT INFORMATION 

PD = VCC+ • ICC+ + VCe- • ICe-

Figure 1 
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Figure 2 

UNIT 

mV 

V 

mY/dB 

dB 

mA 

mA 

mW 
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PARAMETER MEASUREMENT INFORMATION 

18mV 
100mV 
560mV 

CA2 CA2' vcc+ Vcc-
,----1A1 Y~~--, 

A2 V 
B1 

B2 

CB2 

[ V out(560 mY)-v out(18mV)] mV 
Scale Factor = 30 dB 

[ W out(1 00 mvr.{l·5 V out(560 mV)...{)·5 V out(18 mY)] 
Error = Scale Factor 

Figure 3 

CI 
CA2 CA2' vcc+ Vcc 

1000 pF 

( 
A1 y 

\ 
A2 V 
B1 Z 

...n==1oomV 
B2 Z OmV 

I 
Tektronix 

Sampling Scope 
With Digital 
Readout or 
Equivalent 

1 
NOTES: A. The input pulse has the following characteristics: tw = 200 ns, tr S 2 ns, tf S 2 ns, PRR S 10 MHz. 

8-32 

B. Capacitor CI consists of three capacitors in parallel: 1 I1F, 0.1 I1F, and 0.01 11F. 
C. CL includes probe and jig capacitance. 

Figure 4 
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60 

50 

40 

30 

20 

10 

0 

TYPICAL CHARACTERISTICS 

DIFFERENTIAL OUTPUT OFFSET VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

, 

1\ 
~ 

"-

'" ............. ............ r--
- VCC±=±6 V 

SjFigTe1 I 

> 
I 

III 
C) 

! 
~ -:l C. 
'S 
0 
'E 
III .. co 
.!!! 
:l 
0 

8 

7 

6 

5 

4 

3 

2 

o 

QUIESCENT OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

f-- CC±=±6 

jee Firre21 

-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

12 

10 

8 

6 

4 

2 

o 

TA - Free-Air Temperature - °C 

Figure 5 

DC SCALE FACTOR 
vs 

FREE-AIR TEMPERATURE 

;/ 

VCC±=±6V 
ser Figure 3 I 

> 
In 
'g 

I 
III 
C) 
c .. 
II: 
> 
In 

~ .., 
'6 
'E 
'0 
c. 
'g 

:E 
'Iii 
g 
w 
(,) 
C 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

o 

TA - Free-Air Temperature - °C 

Figure 6 

DC ERROR 
vs 

FREE-AIR TEMPERATURE 

',-
........ 

............ 

f-- 'CC±=±6V 
~ee Fi~ure~ 

-

-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

Figure 7 
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TA - Free-Air Temperature - °C 

Figure 8 
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TYPICAL CHARACTERISTICS 

25 

20 

15 

10 

5 

o 

200 

180 

OUTPUT RISE TIME 
vs 

LOAD CAPACITANCE 

/' V 

~ 
.,. V 

VCC±=±6V 
TA=25°C 
See Figure 4, outputs 

- loadi symjetrlcar 

/ 

o 5 10 15 20 25 
CL - Load Capacitance - pF 

Figure 9 

POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 

30 

160 -140 

120 

100 

80 

60 

40 I-VCC±=±6V 

20 
See Figure 3 

o 
-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °c 

Figure 10 
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APPLICATION INFORMATION 

Although designed for high-performance applications such as broadband radar, infrared detection and 
weapons systems, this device has a wide range of applications in data compression and analog computation. 

basic logarithmic function 

The basio logarithmic response is derived from 
the exponential current-voltage relationship of 
collector current and base-emitter voltage. This 
relationship is given in the equation: 

m • VSE = In [(Ic + ICES)/ICES] 

where: 

IC collector current 

ICES collector current at VSE = 0 

m q/kT (in V - 1 ) 

base-emitter voltage 

The differential input amplifier allows dual-polarity 
inputs, is self-compensating for temperature 
variations, and is relatively insensitive to 
common-mode noise. 

logarithmic sections 

functional block diagram 

CA2------, 

INP~ ---4~--I 

y y z z 
--v--' 

Outputs 

Figure 11 

.-----CB2 

1----<.-_ ~:UT 

'------ CB2' 

As can be seen from the schematic, there are eight differential pairs. Each pair is a 1S-dB log subsection, and 
each input feeds two pairs for a range of 30-dB per stage. 

Four compensation points are made available to allow slight variations in the gain (slope) of the two individual 
1S-dB stages of input A2 and B2. By slightly changing the voltage on any of the compensation pins from its 
quiescent value, the gain of that particular 1S-dB stage can be adjusted to match the other 1S-dB stage in the 
pair. The compensation pins may also be used to match the transfer characteristics of input A2 to A 1 or B2 to 
B1. 

The log stages in each half of the circuit are summed by directly connecting their collectors together and 
summing through a common-base output stage. The two sets of output collectors are used to give two log 
outputs, Y and Y (or Z and Z) which are equal in amplitude but opposite .in polarity. This increases the versatility 
of the device. 

By proper choice of external connections, linear amplification, and linear attenuation, and many different 
applications requiring logarithmic signal processing are possible 

input levels 

The recommended input voltage range of anyone stage is given as 0.01 V to 1 V. Input levels in excess of 
1 V may result in a distorted output. When several log sections are summed together, the distorted area of one 
section overlaps with the next section and the resulting distortion is insignificant. However, there is a limit to the 
amount of overdrive that may be applied. As the input drive reaches ±3.S V, saturation occurs, clamping the 
collector-summing line and severely distorting the output. Therefore, the signal to any input must be limited to 
approximately ±3 V to ensure a clean output. 
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APPLICATION INFORMATION 

output levels 

Differential-output-voltage levels are low, generally less than 0.6 V. As demonstrated in Figure 12, the output 
swing and the slope of the output response can be adjusted by varying the gain by means of the slope control. 
The coordinate origin may also be adjusted by positioning the offset of the output buffer. 

circuits 

8-36 

Figures 12 through 19 show typical circuits using this logarithmic amplifier. Operational amplifiers not otherwise 
designated are TLC271. For operation at higher frequencies, the TL592 is recommended instead of the 
TLC271. 

r 
Input 

1 

> 
I 

TYPICAL TRANSFER 
CHARACTERISTICS 

& 0.81--H1-H+tHl-H+tttltf--H+t+Htt-/,Ij9-ItHIl-H-Hfj-/H 
~ I 
~ 0.6 H-H+l-H!I-+-H-I+HfH-+HI'HfI--++++++-III-I+HH-HII 

! 0.41-+H+l+ttt-+HittHllA-+t+ttIH:..K'HtllIH+HH+IH 

0.2 H-H-tt-H!l-+bI!'I+I:llol"'t++ttHtt-++++++-III-I+HH-HII 

o H-~.~H A usted or IIIlmmum 

nl~fli mllmli liiii~1 _ 0.2 L..L.J.J..U.LW....L..L.IIJ.W.u.....L.J...U..Ll.W...J..J.J.J.I.I.UI-l...L.IJUJ..LII 

10- 4 10-3 10-2 10-1 

112 
TL441 

Input Voltage - V 

Origin 

101 

i 
Output 

Slope ~ 

Figure 12. Output Slope and Origin Adjustment 
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> 
I 

i 

0.4 

0.3 

APPLICATION INFORMATION 

TRANSFER CHARACTERISTICS 
OF TWO TYPICAL INPUT STAGES 

~ 0.2 

~ i o 
0.1 
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o 
0.001 

112 
TL441 

I-'" 

0.01 

Z 

0.1 10 

Input Voltage - V 

2 kQ, 1% 2 kQ, 1% 
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2 kQ, 1% 

-=-

Figure 13. Utilization of Separate Stages 
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APPLICATION INFORMATION 

TRANSFER CHARACTERISTICS 
WITH BOTH SIDES PARALLELED 
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0.001 
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0.01 0.1 
Input Voltage - V 
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Figure 14. Utilization of Paralleled Inputs 
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APPLICATION INFORMATION 

TRANSFER CHARACTERISTICS 

I-' 

~ 

i.'" 

2k.Q 

Origin 

20 k.Q 

2k.Q 

2k.Q 

Slope 
5k.Q 

Output 

NOTES: A. Inputs are limited by reducing the supply voltages for the input amplifiers to ±4 V. 
B. The gains of the input amplifiers are adjusted to achieve smooth transitions. 

Figure 15. Logarithmic Amplifier With Input Voltage Range Greater Than 80 dB 
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TL441AM 
LOGARITHMIC AMPLIFIER 

SLFS038 - JUNE 1976 - REVISED FEBRUARY 1989 
( 

APPLICATION INFORMATION 

R R R R 

A1 Y 
TL441 

Input A2 
A 

Y 

1 
see 

Note A 

Z 
-= -= 

B1 

Input B2 Z 
B R R 

1 R R 

-= -= 
NOTES: A. Connections shown are for multiplication. For division, Z and Z connections are reversed. 

B. Output W may need to be amplified to give actual product or quotient of A and B. 
C. R designlltes resistors of equal value, typically 2 kO to 10 ko. 

Multiplication: W = A • B ~ log W = log A + log B, or W = a(logaA + 10gaB) 

Division: W = AlB ~ log W = log A -log B, or W = a(logaA + 10gaB) 

Figure 16. Multiplication or Division 

R nR R R 

A1 Y 
OUTPUTW 

112 (see Note B) 
TL441 

Y A2 

1 -= 

----.-------~A1 y~~Y_~~0r_.~~~~~Y_------------------__. 

Input 
A 

112 
TL441 

R 

A2 Y t--'VI/Ir_ 

nR R 

R 

Output 
W 

NOTE: R designates resistors of equal value, typically 2 kO to 10 kO. The power to which the input variable is raised is fixed by setting nR. 
Output W may need to be amplified to give ,the correct value. 

Exponential: W = An ~ log W = n log A, or W = a(n loga A) 

8-40 

Figure 17. Raising a Variable to a Fixed Power 
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APPLICATION INFORMATION 

TL441AM 
LOGARITHMIC AMPLIFIER 

SLFS038-JUNE 1976- REVISED FEBRUARY 1989 

2kQ 2kQ 

Origin 

20kQ 

2kQ 

2kQ 

>-.... .JV):!\r-_------1A1 112 Y 

A2 TL441 V 

Output 
W 

NOTE: Adjust the Slope to correspond to the base "a", 
Exponential to any base: W = a, 

SOQ 

500 

-: 

Figure 18. Raising a Fixed Number to a Variable Power 

A1 

A2 

TL441 
Gain Adj. = 400 0 

For 30 dB 

B1 

B2 

Gain Adj. " 400 0 
For 30 dB 

VCC-

2.2kQ 
yl----AJVIr-e---, 

20kQ 

2.2kQ 

TL592 0.211F : i ,F I. .O'1
Put 

1kQ 1kn 

Gain Adj. e: "" 

Z 1--__ 2'1/.2vkQv---< .... ..., TL592 0.2 I1F 

20kQ 

2.2kQ 

Gain AdJ. 

O.2I1F 
Output 

2 

1 kQ 

Figure 19. Dual-Channel RF Logarithmic Amplifier With 50-dB Input Range Per Channel at 10 MHz 
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• Adjustable Gain to 400 Typ 

• No Frequency Compensation Required 

• Low Noise .•• 3 ~V Typ Vn 

This device is a monolithic two-stage video 
amplifier with differential inputs and differential 
outputs. It features internal series-shunt feedback 
that provides wide bandwidth, low phase 
distortion, and excellent gain stability. Emitter
follower outputs enable the device to drive 
capacitive loads. All stages are current-source 
biased to obtain high common-mode and supply
voltage rejection ratios. 

TL592B 
DIFFERENTIAL VIDEO AMPLIFIER 

SLFS001A - JUNE 

08T OR P PACKAGE 
{TOP VIEW) 

IN+[j8IN-
GAIN ADJ A 2 7 GAIN ADJ B 

Vcc- 3 6 Vcc+ 
OUT+ 4 5 OUT-

014t OR N PACKAGE 
{TOPVIEWj 

IN+ 1 
NC 
NC 

GAINADJA 

IN
NC 
NC 
GAIN ADJ B 

The differential gain is typically 400 when the gain 
adjust pins are connected together, or 
amplification may be adjusted for near 0 to 400 by 
the use of a single external resistor connected 
between the gain adjustment pins A and B. No 
external frequency-compensating components 
are required for any gain option. 

t 08 and 014 are the codes to differentiate the 8·pin and 14-pin 
versions, respectively. 

The device is particularly useful in magnetic-tape 
or disk-file systems using phase or NRZ encoding 
and in high-speed thin-film or plated-wire 
memories. Other applications include general
purpose video and pulse amplifiers. 

The device achieves low equivalent noise voltage 
through special processing and a new circuit 
layout incorporating input transistors with low 
base resistance. 

The TL592B is characterized for operation from 
O°C to 70°C. 

symbol 

~:~~=.o:: :e'=.I~~=r:.:: ,,::-:~o~m: 
standard warranty. Production processing does not necessarily include 
testing of all parameters. ~TEXAS 

INSTRUMENTS 

GAINAOJA ~ 
IN+ OUT+ 

IN- OUT-
GAINAOJ B 

Copyright © 1988, Texas Instruments Incorporated 
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TL5928 
DIFFERENTIAL VIDEO AMPLIFIER 

SLFS001 A - JUNE 1985 - REVISED APRIL 1988 

schematic 

6 

4 
OUT+ 

IN+ 

IN+ 

Gain { 
A 2 

Adjust B 7 5 
OUT-

3 
VCC-

Pin numbers are for 08 and P packages. 

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

Supply voltage, Vcc+ (see Note 1) ............. :............................................ 8 V 
Supply voltage, Vcc- ..................................................................... -8 V 
Differential input voltage ................................................................... ±5 V 
Voltage range, any input .......................................................... Vcc+ to Vcc-
Output current ........................................................................... 10 mA 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range .................................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°C 

NOTES: 1. All voltage values except differential input voltages are with respect to the midpoint between VCC+ and VCC-. 

PACKAGE 

08 

014 

N 

P 

8-44 

DISSIPATION RATING TABLE 

TA,,;25°C DERATING DERATE 
POWER RATING FACTOR ABOVETA 

530mW 

530mW 

530mW 

530mW 

5.8mWrC 

N/A 

N/A 

N/A 

~TEXAS 
INSTRUMENTS 

59°C 
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N/A 

N/A 
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TA = 70°C 
POWER RATING 

464mW 

530mW 

530mW 

530mW 



recommended operating conditions 

Supply voltage, VCC+ 

Supply voltage, VCC-

Operating free-air temperature, TA 

TL592B 
DIFFERENTIAL VIDEO AMPLIFIER 

SLFS001A - JUNE 1985 - REVISED APRIL 1988 

MIN NOM MAX UNIT 

3 6 8 V 

-3 -6 -8 V 

0 70 °c 

electrical characteristics at specified free-air temperature, Vcc+ = ±6 V, RL = 2 kn 
(unless otherwise noted) -

PARAMETER 
TEST 

TEST CONDITIONSt TA MIN TYP MAX UNIT 
FIGURE 

Large-signal differential VOpp=3 V, RL=2 kQ, 25°C 300 400 500 
AVD voltage amplification 

1 
RAB=O O°C to 70°C 

VN 
250 600 

AVD2 
Large-signal differential 

1 
VOPP = 3 V, RL=2 kQ, 

25°C 13 VN 
voltage amplification RAB=lkQ 

BW Bandwidth ( -3 dB) 2 VOpp=1 V, RAB=O 25°C 50 MHz 

25°C 0.4 5 
110 Input offset current 

O°C to 70°C 6 I!A 

25°C 9 30 
liB Input bias current 

O°C to 70°C 40 I!A 

Common-mode input 25°C ±1 
VICR voltage range 3 

O°C to 70°C 
V 

±1 

VOC 
Common-mode output 

1 RL= 00 25°C 2.4 2.9 3.4 V voltage 

VID=O, RAB = 00, 25°C 0.35 0.75 
VOO Output offset voltage 1 

RL =00 O°C to 70°C 1.5 
V 

Peak-to-peak output 25°C 3 4 
VOPP voltage swing 

1 RL=2 kQ, RAB=O 
O°C to 70°C 

V 
2.8 

25°C 4 
r; Input resistance VOD=1 V, RAB=O 

O°C to 70°C 3.6 
kQ 

ro Output resistance O°C to 70°C 30 Q 

Ci Input capacitance 25°C 5 pF 

f=100kHz 60 86 

f=5MHz 
25°C 

60 Common-mode rejection VIC =±1 V, 
CMRR ratio 3 

RAB=O f=100kHz 50 
dB 

f=5 MHz 
O°C to 70°C 

60 

Supply voltage rejection aVcc+=±0.5V, RAB=O 25°C 50 70 
kSVR ratio (aVCc/aVIO) 

4 
aVcc- = ± 0.5 V, O°C to 70°C 

dB 
50 

Vn 
Broadband equivalent 

4 BW= 1 kHz to 10 MHz 25°C 3 j.lV 
input noise voltage 

,tQ,d Propagation delay time 2 aVo = 1 V 25°C 7.5 ns 

tr Ri~etime 2 aVo = 1 V 25°C 10.5 ns 

Isink(max) 
Maximum output sink 

VID=1 V, VO=3V 3 4 rnA 
current 

ICC Supply current No load, No signal 
25°C 18 24 

rnA 
O°C to 70°C 27 
.. t RAB IS the gain-adJustment resistor connected between gain-adJust pins A and B. If not specified for a particular parameter, ItS value IS Irrelevant 

to that parameter. 
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TL592B 
DIFFERENTIAL VIDEO AMPLIFIER 

SLFS001A-JUNE 1985- REVISED APRIL 1988 

PARAMETER MEASUREMENT INFORMATION 

8-46 

Vo-

Figure 1 

O.2I1F 

~
vo+ 

O.2I1F 
vo-

1kQ 1kO 

Figure 3 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Figure 2 

Figure 4 

Vo-
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400 
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TL592B 
DIFFERENTIAL VIDEO AMPLIFIER 

SLFS001A JUNE 1985 REVISED APRIL 1988 

TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 

T 
RAB=O 
f=lkHz 
TA=25°C ---See Figure 1 V 

/ 
~ 
I 
c 
0 

1000 

700 

400 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
GAIN-ADJUSTMENT RESISTANCE 

VCC+=6V 
Vcc =-6V 
f= 10 kHz 

1""" ... TA = 25°C 

"-
See Figure 1 

r-... 

200 

'ii 
:E 100 a. 
E 70 0( 1/ 

,/ 

100 

o 
±3 ±4 ±5 ±6 ±7 

VCC± - Supply Voltage - V 

Figure 5 

30 

1-
No Load 

.. 
Cl 
,lg 
~ 

±8 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

" 
40 '-

10 
1 4 10 40 100 400 1 k 

RAB - Gain-Adjustment Resitance - Q 

Figure 6 

25 
0( 
E 

No Signal 
TA=25°C 7 

/" I 
1: 
~ ,. 
0 

a 
CI. ,. 
Ul 
I 
0 
9 

20 

15 

10 

V 
5 

o 
±3 

./ 
./" 

./ 
/ 

±4 ±5 ±6 ±7 

vcc± - Supply Voltage - V 

Figure 7 
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• Very Low Power Consumption 
1 mWTypatVoo=5V 

• Capable of Operation in Astable Mode 

• CMOS Output Capable of Swinging Rail 
to Rail 

• High Output-Current Capability 
Sink 100 mA Typ 
Source 10 mA Typ 

• Output Fully Compatible With CMOS, TTL, 
andMOS 

• Low Supply Current Reduces Spikes 
During Output Transitions 

• Single-Supply Operation From 1 V to 15 V 

• Functionally Interchangeable With the 
NE555; Has Same Pinout 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015.2 

description 

The TLC551 is a monolithic timing circuit 
fabricated using the TI LinCMOSTMprocess. The 

TLC551C, TLC551Y 
LinCMOSTM TIMERS 

D, DB, P, OR PW PACKAGE 

(TOP VIEW) 

GNDU8 VDD 
TRIG 2 7 DISCH 
OUT 3 6 THRES 

RESET 4 5 CaNT 

functional block diagram 

VDD 
8 

CONT 
5 

R 

THRES ...:cs-t--t--......... 

R 

TRIG -=2'-1---{::l.." 

RESET 
4 

R 
..... ______ ----'-..:r L---L DISCH 

GND 

RESET can override TRIG, which can override THRES. 

timer is fully compatible with CMOS, TTL, and MOS logic and operates at frequencies up to 2 MHz. Compared 
to the NE555 timer, this device uses smaller timing capacitors because of its high input impedance. As a result, 
more accurate time delays and oscillations are possible. Power consumption is low across the full range of 
power supply voltage. 

Like the NE555, the TLC551 has a trigger level equal to approximately one-third of the supply voltage and a 
threshold level equal to approximately two-thirds of the supply voltage. These levels can be altered by use of 
the control voltage terminal (CONT). When the trigger input (TRIG) falls below the trigger level, the flip-flop is 
set and the output goes high. If TRIG is above the trigger level and the threshold input (THRES) is above the 
threshold level, the flip-flop is reset and the output is low. The reset input (RESET) can override all other inputs 
and can be used to initiate a new timing cycle. If RESET is low, the flip-flop is reset and the output is low. 
Whenever the outputis low, a low-impedance path is provided between DISCH and GND. All unused inputs 
should be tied to an appropriate logic level to prevent false triggering. 

While the CMOS output is capable of sinking over 1 00 rnA and sourcing over 1 0 rnA, the TLC551 exhibits greatly 
reduced supply-current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE555. 

The TLC,551 C is characterized for operation from DoC to 70°C. 

This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic fields. These 
circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according to MIL-STD-883C, 
Method 3015; however, it is advised that precautions be taken to avoid application of any voltage higher than maximum-rated 
voltages to these high-impedance circuits. During storage or handling, the device leads should be shorted together or the device 
should be placed in conductive foam. In a circuit, unused inputs should always be connected to an appropriated logic voltage level, 
preferably either supply voltage or ground. Specific guidelines for handling devices of this type are contained in the publication 
Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies available from Texas Instruments. 

LinCMOS is a trademark of Texas Instruments Incorporated. 
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TLC551C, TLC551 V 
LinCMOSTM TIMERS 

SLFS044 - FEBRUARY 1984 - REVISED OCTOBER 1993 

AVAILABLE OPTIONS 

PACKAGED DEVICES 

SMALL 
TA 

VDD OUTLINE 
SSOP PLASTIC DIP 

RANGE 
(D) 

(DB) (P) 

O°C to 70°C 1 Vt016V TLC551CD TLC551CDBLE TLC551CP 

CHIP FORM 
TSSOP M 

(PW) 

TLC551CPWLE TLC551Y 

The D package IS available taped and reeled. Add the suffix R (e.g., TLC551CDR). The DB and PW packages are only 
available left-end taped and reeled (indicated by the LE suffix on the device. type; e.g., TLC551CDBLE). Chips are 
tested at 25°C. 

8-50 

FUNCTION TABLE 

RESET TRIGGER THRESHOLD 
OUTPUT 

DISCHARGE 
VOLTAGEt VOLTAGEt VOLTAGEt SWITCH 

<MIN Irrelevant Irrelevant Low On 

>MAX <MIN Irrelevant High 011 

>MAX >MAX >MAX Low On 

>MAX >MAX <MIN As previously established 

t For conditions shown as MIN or MAX, use the appropriate value specified under 
electrical characteristics. 
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TLC551 C, TLC551 v 
LinCMOSTM TIMERS 

SLFS044 - FEBRUARY 1984 - REVISED OCTOBER 1993 

chip information 

-= -= -= 

-= -= -= -= 

This chip, when properly assembled, displays characteristics similar to the TLC551. 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 

~ ...... ~ .. -=~--... 
• 

14 64 ~I 

1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 

CONT RESET 
VDD (5) (4) 

(8) 

R 
THRES ....!(6::..!.)+-+--f'o.. 

R 

TRIG ....:.(2""')+----<::1/ 

R 

(1) 
GND 

RESET can override TRIG, which can override THRES. 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ± 10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (1) IS INTERNALLY CONNECTED 
TO BACKSIDE OF CHIP. 

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

Supply voltage, Voo (see Note 1) ........................................................... 18 V 
Input voltage range, VI (any input) ..................................................... -0.3 to VOD 
Sink current, discharge or output .......................................................... 150 mA 
Source current, output, 10 ................................................................. 15 mA 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range .................................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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-maxi mum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to network. GND. 
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TLC551C, TLC551V 
LinCMOSTM TIMER$ 

SLFS044 - FEBRUARY 1984 - REVISED OCTOBER 1993 

PACKAGE 

D 
DB or PW 

P 

DISSIPATION RATING TABLE 

TA525°C 
POWER RATING 

725mW 
525mW 

1000mW 

DERATING FACTOR 
ABOVE TA = 25°C 

5.8mw/oe 
4.2 mWfOe 
8.0mW/oe 

recommended operating conditions 

Supply voll<lge, VDD 

operating free-air temperature range, TA 

TA = 70°C 
POWER RATING 

464mW 
336mW 
640mW 

el,ctrical cllaracteristics at specified free-air temperature, VDD = 1 V 
PARAMETER TEST CONDITIONS TAt MIN 

25°C 0.475 
VIT Threshold voltage 

Full range 0.45 

25°C 
liT Threshold current 

70°C 

25°C 0.15 
VI(TRIG) Trigger voltage 

Full range 0.1 

25°C 
'I(TRIG) Trigger current 

70°C 

25°C 0.4 
VI(RESET) Reset voltage 

Full range 0.3 

25°C 
II(RESET) Reset current 

70°C 

control voltage (open circuit) as a percentage of 
70°C supply voltage 

25°C 
Discharge switch on-stage voltage IOL = 100!1A 

Full range 

25°C 
Discharge switch off-stage voltage 

70°C 

25°C 0.6 
VOH High-level output voltage IOH = -10!1A 

Full range 0.6 

25°C 
VOL Low-level output voltage IOL = 100!1A 

Full range 

25°C 
100 Supply current See Note 2 

Full range 

FilII range is ooe 10 70°C. 

MIN MAX 

1 15 

0 70 

TYP MAX 

0.67 0.85 

0.875 

10 

75 

0.33 0.425 

0.45 

10 

75 

0.7 1 

1 

10 

75 

66.7% 

0.02 0.15 

0.2 

0.1 

0.5 

0.98 

0.03 0.2 

0.25 

15 100 

150 

NOTE 2: These values apply for the expec1ed operating configurations in which THRES is connected directly to DISCH or to TRIG. 
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TLC551C,TLC551Y 
LinCMOSTM TIMERS 
SLFS044 - FEBRUARY 1984 - REVISED OCTOBER 1993 

electrical characteristics at specified free-air temperature, VDD = 2 V 

PARAMETER TEST CONDITIONS TAt 

25°C 
VIT Threshold voltage 

Full range 

25°C 
liT Threshold current 

70°C 

25°C 
VI(TRIG) Trigger voltage 

Full range 

25°C 
II (TRIG) Trigger current 

70°C 

25°C 
VI (RESET) Reset voltage 

Full range 

25°C 
II(RESET) Reset current 

70°C 

Control voltage (open circuit) as a percentage of 
70°C supply voltage 

25°C 
Discharge switch on-stage voltage IOL= 1 rnA 

Full range 

25°C 
Discharge switch off-stage v91tage 

70°C 

VOH High-level output voltage IOH = -300 I1A 
25°C 

Full range 

VOL Low-level output voltage IOL= 1 rnA 
25°C 

Full range 

25°C 
100 Supply current See Note 2 

Full range 

t Full range IS O°C to 70°C. 

MIN TYP MAX 

0.95 1.33 1.65 

0.85 1.75 

10 

75 

0.4 0.67 0.95 

0.3 1.05 

10 

75 

0.4 1.1 1.5 

0.3 1.8 

10 

75 

66.7% 

0.03 0.2 

0.25 

0.1 

0.5 

1.5 1.9 

1.5 

0.07 0.3 

0.35 

65 250 

400 

NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or to TRIG. 
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TLC551C, TLC551Y 
LinCMOSTM TIMERS 

SLFS044 - FEBRUARY 1984 - REVISED OCTOBER 1993 

electrical characteristics at specified free-air temperature, VDD = 5 V 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

25°C 2.B 3.3 3.B 
VIT Threshold voltage 

Full range 2.7 3.9 

25°C 10 
liT Threshold current 

70°C 75 

25°C 1.36 1.66 1.96 
VI (TRIG) Trigger voltage 

Full range 1.26 2.06 

25°C 10 
II(TRIG) Trigger current 

70°C 75 

25°C 0.4 1.1 1.5 
VI(RESET) Reset voltage 

Full range 0.3 1.B 

25°C 10 
II(RESET) Reset current 

70°C 75 

Control voltage (open circuit) as a percentage of 
70°C 66.7% supply voltage 

25°C 0.14 0.5 
Discharge switch on-stage voltage IOL= 10 rnA 

Full range 0.6 

25°C 0.1 
Discharge switch off-stage voltage 

70°C 0.5 

25°C 4.1 4.B 
VOH High-level output voltage IOH =-1 rnA 

Full range 4.1 

25°C 0.21 0.4 
IOL=BrnA 

Full range 0.5 

25°C 0.13 0.3 
VOL Low-level output voltage IOL=5rnA 

Full range 0.4 

25°C O.OB 0.3 
IOL=3.2 rnA 

Full range 0.35 

25°C 170 350 
IDD Supply current , See Note 2 

Full range 500 

t Full range IS O°C to 70°C. 
NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or to TRIG. 
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UNIT 

V 

pA 

V 

pA 

V 

pA 

V 

nA 

V 

V 

~ 
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TLC551C, TLC551Y 
LinCMOSTM TIMERS 

SLFS044 - FEBRUARY 1984 - REVISED OCTOBER 1993 

electrical characteristics at specified free-air temperature, Voo = 15 V 
PARAMETER TEST CONDITIONS TAt 

25°C 
VIT Threshold voltage 

Full range 

25°C 
liT Threshold current 

70°C 

25°C 
VI(TRIG) Trigger voltage 

Full range 

25°C 
II(TRIG) Trigger current 

70°C 

25°C 
VI(RESET) Reset voltage 

Full range 

25°C 
II(RESET) Reset current 

70°C 

Control voltage (open circuit) as a percentage of 
70°C supply voltage 

25°C 
Discharge switch on-stage voltage IOL= 100 mA 

Full range 

25°C 
Discharge switch off-stage voltage 

70°C 

25°C 
IOH=-10mA 

Full range 

25°C 
VOH High-level output voltage IOH =-5 mA 

Full range 

25°C 
IOH=-1 mA 

Full range 

25°C 
IOL= 100mA 

Full range 

25°C 
VOL Low-level output voltage IOL=50 mA 

Full range 

25°C 
IOL= 10mA 

Full range 

25°C 
IDD Supply current See Note 2 

Full range 

t Full range IS O°C to 70°C. 

MIN TYP MAX 

9.45 10.55 

9.35 10.65 

10 

75 

4.65 5 5.35 

4.55 5.45 

10 

75 

0.4 1.1 1.5 

0.3 1.8 

10 

75 

66.7% 

0.77 1.7 

1.8 

0.1 

0.5 

12.5 14.2 

12.5 

13.5 14.6 

13.5 

14.2 14.9 

14.2 

1.28 3.2 

3.6 

0.63 1 

1.3 

0.12 0.3 

0.4 

360 600 

800 

NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or to TRIG. 

operating characteristics, Voo = 5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Initial error of timing interval:!: VDD=5Vto 15V, RA=RB=1 kQtol00kn, 1% 3% 

Supply voltage sensitivity of timing interval CT=O.1 !IF, See Note 3 0.1 0.5 

tr Rise time, output pulse 20 75 
RL=10MQ, CL= 10pF 

tf Fall time, output pulse 15 60 

fmax Maximum frequency in astable mode 
RA=470Q, RB=200Q, 

1.2 1.8 
CT= 200 pF See Note 3 

UNIT 

V 

pA 

V 

pA 

V 

pA 

V 

nA 

V 

V 

!!A 

UNIT 

%/V 

ns 

MHz 
I I 

:!: liming Interval error IS defined as the difference between the measured value and the average value of a random sample from each process 
run. 

NOTE 3: RA, RB, and CT are as defined in Figure 3. 
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electrical characteristics at Voo = 5 V, TA = 25°C 

PARAMETER 

VIT Threshold voltage 

liT Threshold current 

VI (TRIG) Trigger voltage 

II(TRIG) Trigger current 

VI (RESET) Reset voltage 

II(RESET) Reset current 

Control voltage (open circuit) as a percentage of supply voltage 

Discharge switch on-state voltage 

Discharge switch off-state current 

VOH High-level output voltage 

VOL Low-level output voltage 

IDD Supply current 

TLC551C, TLC551Y 
LinCMOSTM TIMERS 

SLFS044 - FEBRUARY 1984 - REVISED OCTOBER 1993 

TEST CONOITIONS MIN TYP MAX UNIT 

2.S 3.3 3.S V 

10 pA 

1.36 1.66 1.96 V 

10 pA 

0.4 1.1 1.5 V 

10 pA 

66.7% 

IOL= 10 mA 0.14 0.5 V 

0.1 nA 

IOH=-l mA 4.1 4.S V 

IOL=S mA 0.21 0.4 

IOL=5 mA 0.13 0.3 V 

IOL= 3.2 mA O.OS 0.3 

See Note 2 170 350 IlA 

NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or to TRIG. 

OJ 
I 

g 
~ 
I 
i c o 
..c 

i 
f 
.~ c 

TYPICAL CHARACTERISTICS 

DISCHARGE SWITCH ON-STATE RESISTANCE 
vs 

100 

70 

40 

20 

10 

7 

4 

2 

FREE-AIR TEMPERATURE 

r-- I I 

r-- V90 =2V,10=1 mA 

---r 
I' 

VOO=5V,10=10mA 

~ 

=15V In=100mA 

1 
o 25 50 75 

TA - Free-Air Temperature - °C 

Figure 1 

100 

II) 
C 
I 

:ll 
E 
j:: 
:0-.. 
"ii c 
c 
0 

~ 
Cl .. 
Co e 
r:I. 
I 

:I: 
-I 
r:I. -
~ 
:I: 
r:I. -

PROPAGATION DELAY TIMES TO DISCHARGE 
OUTPUT FROM TRIGGER AND THRESHOLD 

SHORTED TOGETHER 
vs 

SUPPLY VOLTAGE 

600 

16(on)l", 1 ~A 
CL~O 

500 T,,=25°C -

400 

300 
\ 

\ 

200 

100 

\ i'- tpHL -

\ I 
tPLH* 

o 
o 2 4 6 8 10 12 14 16 18 20 

VOO - Supply Voltage - V 

* The effects of the load resistance on these values must be 
taken into account separately. 

Figure 2 
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TLC551 C, TLC551 V 
LinCMOSTM TIMERS 

SLFS044 - FEBRUARY 1984 - REVISED OCTOBER 1993 

VDD 

O.1IlF T 
RA 

5 8 
-= VDD 

4 

7 TlC551 
DISCH 

RB 6 
OUT 

THRES 
2 

TRIG 
GND ICy 

-= 
CIRCUIT 

3 

APPLICATION INFORMATION 

Rl 

Output 

T Cl 

-= 

VDD 

213VDD 

113VDD 

GND 

I tpHl I 
I I 

I 
I 
I 
I I 

TRIGGER AND THRESHOLD VOLTAGE WAVEFORM 

Figure 3. Astable Operation 

Connecting TRIG to THRES, as shown in Figure 3, causes the timer to run as a multivibrator. The capacitor CT 
charges through RA and RB to the trigger voltage level (approximately 0.67 Voo) and then discharges through RB 
only to the value of the threshold voltage level (approximately 0.33 Voo). The output is high during the charging cycle 
(tc(H)) and low during the discharge cycle (tc(L))' The duty cycle is controlled by the values of RA, and RB, and CT, as 
shown in the equations below. 

tC(H) = CT (RA + RS) In 2 (In 2 = 0.693) 

tc(L) = CT RS In 2 

Period = tC(H) + tc(L) 

Output driver duty cycle 

= CT (R A + 2RS) In 2 

tc(L) 

tc(H) + tc(L) 

tc(H) 
Output waveform duty cycle = t + t 

c(H) c(L) 

The 0.1-IlF capacitor at CONT in Figure 3 decreases the period by about 10%. 

The formulas shown above do not allow for any propagation delay times from TRIG and THRESto DISCH. These 
delay times add directly to the period and create differences between calculated and actual values that increase with 
frequency. In addition, the internal on-state resistance ron during discharge adds to RB to provide another source of 
timing error in the calculation when RB is very low or ron is very high. 
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TLC551C, TLC551V 
LinCMOSTM TIMERS 

SLFS044 - FEBRUARY 1984 - REVISED OCTOBER 1993 

APPLICATION INFORMATION 

The equations below provide better agreement with measured values. 

lo(H) ~ c,- (RA + RB) In[ 3 -e",,( CT (~~'!:' 'on») ] + IPHl 

IO(l) ~ c,- (RB + 'on) 'n[ 3 -e",,( CT (~~H; RS» ] + IpL>i 

These equations and those given earlier are similar in that a time constant is multiplied by the logarithm of a number 
or function. The limit values of the logarithmic terms must be between In 2 at low frequencies and In 3 at extremely 
high frequencies. For a duty cycle close to 50%, an appropriate constant for the logarithmic terms can be sUbstituted 

t t 
with good results. Duty cycles less than 50% c(H) require that c(H) <1 and possibly RA :::; ron. These 

tc(H) + tc(L) tc(L) 
conditions can be difficult to obtain. 

In monostable applications, the trip point of the trigger input can be set by a voltage applied to CO NT. An input voltage 
between 10% and 80% of the supply voltage from a resistor divider with at least 500-J.IA bias provides good results. 
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• Very Low Power Consumption ... 2 mW 
Typ at Voo = 5 V 

• Capable of Operation in Astable Mode 

• CMOS Output Capable of Swinging'Raii to 
Rail 

• High Output-Current Capability 
Sink 100 mA Typ 
Source 10 mA Typ 

• Output Fully Compatible With CMOS, TTL, 
and MOS 

• Low Supply Current Reduces Spikes 
During Output Transitions 

• High-Impedance Inputs ... 1012 Q Typ 

• Single-Supply Operation From 1 V to 18 V 

• Functionally Interchangeable With the 
NE556j Has Same Pinout 

description 

The TLC552 is a dual monolithic timing circuit 
fabricated using TI LinCMOSTM process, which 
provides full compatibility with CMOS, TTL, and 
MOS logic and operation at frequencies up to 
2 MHz. Accurate time delays and oscillations are 
possible with smaller, less-expensive' timing 
capacitors than the NE555 because of the high 
input impedance. Power consumption is low 
across the full range of power supply voltages. 

Like the NE556, the TLC552 has a trigger level 
approximately one-third of the supply voltage and 
a threshold level approximately two-thirds of the 
supply voltage. These levels can be altered by use 
of the control voltage terminal. When the trigger 
input falls below the trigger level, the flip-flop is set 
and the output goes high. If the trigger input is 
above the trigger level and the threshold input is 
above the threshold level, the flip-flop is reset and 

TLC552C 
DUAL LINCMOSTM TIMER 

TIMER 
#1 

D OR N PACKAGE 
(TOP VIEW) 

{ T~~~~ 
CO NT 

RESET 
OUT 

TRIG 

GND 

VDD 

DSCH } THRES 
CO NT 
RESET 
OUT 

TIMER 
#2 

functional block diagram (each timer) 

VOD RESET 
CONT 

R 

THRES-t---t--l 
OUT 

R 

TRIGi-+----<Q 

R 

____.------""*" L... DSCH 

GND 

RESET can override TRIG and THRES. 
TRIG can override THRES. ' 

AVAILABLE OPTIONS 

SYMBOLIZATION 
OPERATING 

PACKAGE TEMPERATURE DEVICE 
SUFFIX RANGE 

TLC552C D,N O°C to 70°C 

VTmax 
at 25°C 

3,8mV 

The D packages are available taped and reeled. Add the suffix R 
to the device type when ordering (i.e" TLC552CDR), 

the output is low. The reset input can override all other inputs and can be used to initiate a new 
timing cycle. If the reset input is low, the flip-flop is reset and the output is low. Whenever the output is low, a 
low-impedance path is provided between the discharge terminal and ground. ' 

While the CMOS output is capable of sinking over 1 00 mA and sourcing over 10 mA, the TLC552 exhibits greatly 
reduced supply-current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE556. 

LinCMOS is a trademark of Texas Instruments Incorporated, 
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TLC552C 
DUAL LINCMOSTM TIMER 

SLFS046 - FEBRUARY 1984 - REVISED MAY 1988 

description (continued) 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 V as tested under MIL-STD-BB3C, Method 3105.2. However, care should be 
exercised in handling these devices as exposure to ESD may result in a degradation of the device parametric 
performance. 

All unused inputs should be tied to an appropriate logic level to prevent false triggering. 

The TLC552C is characterized for operation from O°C to 70°C. 

FUNCTION TABLE 

RESET VOLTAGEt 
TRIGGER THRESHOLD 

OUTPUT 
DISCHARGE 

VOLTAGEt VOLTAGEt SWITCH 

<MIN Irrelevant Irrelevant Low On 

> MAX <MIN Irrelevant High Off 

> MAX > MAX > MAX Low On 

> MAX > MAX <MIN As previously established 
.. .. . . 

t For conditions shown as MIN or MAX, use the appropriate value specified under electrical characteristics . 

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

Supply voltage, VDD (see Note 1) ........................................................... 1B V 
Input voltage range (any input) .................................................... - 0.3 V to VDD 
Sink current, DSCH or OUT .............................................................. 150 mA 
Source current, OUT ..................................................................... 15 mA 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range .................................................. O°C to 75°C 
Storage temperature range ....................................................... - 65°C to 1.50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............................. . 260°C 

NOTES: 1. All voltage values are with respect to network ground terminal. 
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PACKAGE 

D 
N 

DISSIPATION RATING TABLE 

POWER RATING 

950mW 
1150mW 

DERATING FACTOR 

7.6mW/oC 
9.2 mW/oC 
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recommended operating conditions 

Supply voltage, VDD 

Operating free-air temperature range, TA 

TLC552C 
DUAL LINCMOSTM TIMER 

SLFS046 - FEBRUARY 1984 - REVISED MAY 1988 

MIN MAX UNIT 

1 18 V 

0 70 °C 

electrical characteristics at specified free-air temperature, Voo = 1 V 

PARAMETER TEST CONDITIONS 

Threshold voltage level 

Threshold current 

Trigger voltage level 

Trigger current 

Reset voltage level 

Reset current 

Control voltage (open-circuit) as a percentage of supply voltage 

Discharge switch on-state voltage 

Discharge switch off-state current 

LOW-level output voltage 

High-level output voltage 

Supply current 

t Full range (MIN to MAX) is O°C to 70°C. 

IOL=100~ 

IOL=100~ 

IOH=-10~ 
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TAt 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

MAX 

25°C 

Full range 

25?C 

MAX 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

MIN TYP MAX UNIT 

0.475 0.67 0.85 
V 

0.45 0.875 

10 

75 
pA 

0.15 0.33 0.425 
V 

0.1 1.45 

10 

75 
pA 

0.4 0.7 1 
V 

0.3 1 

10 

75 
pA 

66.7% 

0.02 0.15 
V 

0.2 

0.1 
nA 

0.5 

0.03 0.2 
V 

0.25 

0.6 0.98 
V 

0.6 

30 200 

300 
~ 
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electrical characteristics at specified free-air temperature, VDD = 2 V 

PARAMETER TEST CONDITIONS 

Threshold voltage level 

Threshold current 

Trigger voltage level 

Trigger current 

Reset voltage level 

Reset current 

Control voltage (open-circuit) as a percentage of supply voltage 

Discharge switch on-state voltage 

Discharge switch off-state current 

Low-level output voltage 

High-level output voltage 

Supply current 

t Full range (MIN to MAX) IS O°C to 70°C. 
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IOL=1 rnA 

IOL=1 rnA 

IOH = -300 IJA 
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TAt 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

MIN TYP MAX UNIT 

0.95 1.33 1.65 
V 

0.85 1.75 

10 

75 
pA 

0.4 0.67 0.95 
V 

0.3 1.05 

10 

75 
pA 

0.4 1.1 1.5 
V 

0.3 1.8 

10 

75 
pA 

66.7% 

0.03 0.2 
V 

0.25 

0.1 
nA 

0.5 

0.07 0.3 
V 

0.35 

1.5 1.9 
V 

1.5 

130 500 

800 
IJA 



TLC552C 
DUAL LINCMOSTM TIMER 

SLFS046 - FEBRUARY 1984 - REVISED MAY 1988 

electrical characteristics at specified free-air temperature, Voo = 5 V 

PARAMETER TEST CONDITIONS 

Threshold voltage level I 

Threshold current 

Trigger voltage level 

Trigger current 

Reset voltage level 

Reset current 

Control voltage (open-circuit) as a percentage of supply voltage 

Discharge switch on-state voltage 

Discharge switch off-state current 

Low-level output voltage 

High-level output voltage 

Supply current 

t Full range (MIN to MAX) is O°C to 70°C. 

IOL= 10 rnA 

IOL=SrnA 

IOL= 5 rnA 

IOL= 3.2 rnA 

IOH=-1 rnA 
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TAt 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

MIN TYP MAX UNIT 

2.S 3.3 3.S 
V 

2.7 3.9 

10 

75 
pA 

1.36 1.66 1.96 
V 

1.26 2.08 

10 

75 
pA 

0.4 1.1 1.5 
V 

0.3 1.S 

10 

75 
pA 

66.7% 

0.14 0.5 
V 

0.6 

0.1 
nA 

0.5 

0.21 0.4 

0.5 

0.13 0.3 
V 

0.4 

O.OS 0.3 

0.35 

4.1 4.S 
V 

4.1 

340 700 

1000 
IiA 
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electrical characteristics at specified free-air temperature, VDD = 15 V 

PARAMETER TEST CONDITIONS 

Threshold.voltage level 

Threshold current 

Trigger voltage level 

Trigger current 

Reset voltage level 

Reset current 

Control voltage (open-circuit) as a percentage of supply voltage 

Discharge switch on-state voltage 

Discharge switch off-state current 

Low-level output voltage 

High-level output voltage 

Supply current 

t Full range (MIN to MAX) IS O°C to 70°C. 

IOL= 100mA 

IOL= 100mA 

'OL= 50 mA 

IOL=10mA 

IOH=-10mA 

IOH=-5mA 

IOH=-1 mA 
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TAt 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

MIN TYP MAX UNIT 

9.45 10 10.55 
V 

9.35 10.65 

10 

75 
pA 

4.65 5 5.35 
V 

4.55 5.45 

10 

75 
pA 

0.4 1.1 1.5 
V 

0.3 1.8 

10 

75 
pA 

66.7% 

0.77 1.7 
V 

1.8 

0.1 
nA 

0.5 

1.28 3.2 

3.6 

0.63 1 
V 

1.3 

0.12 0.3 

0.4 

12.5 14.2 

12.5 

13.5 14.6 
V 

13.5 

14.2 14.9 

14.2 

0.72 1.2 
mA 

1.6 



TLC552C 
DUAL LINCMOSTM TIMER 

SLFS046 - FEBRUARY 1984 - REVISED MAY 1988 

electrical characteristics at specified free-air temperature, Voo = 18 V 
PARAMETER TEST CONDITIONS TAt MIN TYP 

25°C 11.4 12 
Threshold voltage level 

Full range 10.9 

25°C 10 
Threshold current 

MAX 75 

25°C 5.6 6 
Trigger voltage level 

Full range 5.5 

25°C 10 
Trigger current 

MAX 75 

25°C 0.4 1.1 
Reset voltage level 

Full range 0.3 

25°C 10 
Reset cu rrent 

MAX 75 

Control voltage (open-circuit) as a percentage of supply voltage MAX 66.7% 

25°C 0.72 
Discharge switch on-state voltage IOL= 100mA 

Full range 

25°C 0.1 
Discharge switch off-state current 

MAX 0.5 

25°C 0.04 
Low-level output voltage IOL=3.2 mA 

Full range 

25°C 17.3 17.9 
High-level output voltage IOH=-l mA 

Full range 17.3 

25°C 0.84 
Supply current 

Full range 

t Full range (MIN to MAX) is O°C to 70°C. 

operating characteristics, Voo = 5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP 

Initial error of timing interval:j: VDD=5Vto15V, RA = RB = 1 kn to 100 kQ, 1% 

Supply voltage sensitivity of timing interval CT=O.lI1F, See Note 2 0.1 

Output pulse rise time 20 
RL=10MQ, CL= 10pF 

Output pulse fall time 15 

Maximum frequency in astable mode 
RA=470Q, RS = 200!l, 

1.2 2.8 
CT= 200 pF, See Note 2 

:j: liming Interval error is defined as the difference between the measured value and the nominal value of a random sample. 
NOTE 2: RA, RB, and CT are as defined in Figure 1. 
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MAX UNIT 

12.6 
V 

12.7 

pA 

6.4 
V 

6.5 

pA 

1.5 
V 

1.8 

pA 

1.5 
V 

1.6 

nA 

0.3 
V 

0.35 

V 

1.2 
mA 

1.6 

MAX UNIT 

3% 

0.5 %N 

75 
ns 

60 

MHz 
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RB 

1 

T 

8-68 

APPLICATION INFORMATION 

VDD 

O.1I!F i 
± O.1I!F I 

-=-

-=- CONT VDD ~ 

RESET 
DISCH 

OUT 
THRES 
TRIG 

GND 

1 
Figure 1. Circuit for Astable Operation 
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TLC555C, TLC5551, TLC555M, TLC555V 
LinCMOSTM TIMERS 

• Very Low Power Consumption 
1 mW Typ at Voo = 5 V 

• Capable of Operation in Astable Mode 
• CMOS Output Capable of Swinging Rail 

to Rail 

• High Output-Current Capability 
Sink 100 mA Typ 
Source 10 mA Typ 

• Output Fully Compatible With CMOS, TTL, 
andMOS 

• Low Supply Current Reduces Spikes 
During Output Transitions 

• Single-Supply Operation From 2 V to 15 V 
• Functionally Interchangeable With the 

NE555; Has Same Pinout 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015.2 

description 

The TLC555 is a monolithic timing circuit 
fabricated using the TI LinCMOSTM process. The 
timer is fully compatible with CMOS, TTL, and 

SLFS043 - SEPTEMBER 1 

0, DB, JG, P, OR PW PACKAGE 

(TOP VIEW) 

TRIG 2 7 DISCH 
GNDD8 VDD 

OUT 3 6 THRES 

RESET 4 5 CaNT 

4 
TRIG 5 

6 
7 

8 

FKPACKAGE 
(TOP VIEW) 

o 0 
o Z 000 
z<!lZ>Z 

3 2 1 2019 
18 

17 

16 

15 

14 
9 1011 1213 

NC - No internal connection 

NC 

DISCH 

NC 

THRES 

NC 

MOS logic and operates at frequencies up to 2 MHz. Because of its high input impedance, this device uses 
smaller timing capacitors than those used by the NE555. As a result, more accurate time delays and oscillations 
are possible. Power consumption is low across the full range of power supply voltage. 

Like the NE555, the TLC555 has a trigger level equal to approximately one-third of the supply voltage and a 
threshold level equal to approximately two-thirds of the supply voltage. These levels can be altered by use of 
the control voltage terminal (CONT). When the trigger input (TRIG) falls below the trigger level, the flip-flop is 
set and the output goes high. If TRIG is above the trigger level and the threshold input (THRES) is above the 
threshold level, the flip-flop is reset and the output is low. The reset input (RESET) can override all other inputs 
and can be used to initiate a new timing cycle. If RESET is low, the flip-flop is reset and the output is low. 
Whenever the output is low, a low-impedance path is provided between the discharge terminal (DISCH) and 
GND. All unused inputs should be tied to an appropriate logic level to prevent false triggering. 

While the CMOS output is capable of sinking over 1 00 mA and sourcing over 1 0 mA, the TLC555 exhibits greatly 
reduced supply-current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE555. 

The TLC555C is characterized for operation from O°C to 70°C. The TLC5551 is characterized for operation from 
- 40°C to 85°C. The TLC555M is characterized for operation over the full military temperature range of - 55°C 
to 125°C. 

This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic fields. These 
circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according to MIL-STD-883C, 
Method 3015; however, it is advised that precautions be taken to avoid application of any voltage higher than maximum-rated 
voltages to these high-impedance circuits. During storage or handling, the device leads should be shorted together or the device 
should be placed in conductive foam. In a circuit, unused inputs should always be connected to an appropriated logic voltage level, 
preferably either supply 'voltage or ground. Specific guidelines for handling devices of this type are contained in the publication 
Guidelines for Handling E1ectrostatic-Discharge-5ensitive (£505) Devices and Assemblies available from Texas Instruments. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA Inlonnation is current as of publication _. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

Copyright © 1993, Texas Instruments Incorporated 
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AYAILABLE OPTIONS 

PACKAGED DEVICES 

YDD 
SMALL 

SSOP CHIP CERAMIC 
TA RANGE 

OUTLINE 
(DB) 

CARRIER DIP 
(D) (FK) (JG) 

O°Cto 
2Vto15V TLC555CD TLC555CDBLE 

70°C - -
-40°C to 

3Vto 15V TLC5551D B5°C - - -
-55°C to 

5Vto15V TLC555MD TLC555MFK TLC555MJG 125°C -

CHIP 
PLASTIC TSSOP FORM 

DIP (PW) (V) 
(P) 

TLC555CP TLC555CPWLE 

TLC5551P - TLC555Y 

TLC555MP -
The 0 package IS available taped and reeled. Add the R suffix to device type (e.g., TLC555CDR). The DB and PW packages are only available 
left-end taped and reeled (indicated by the LE suffix on the device type; e.g., TLC555CDBLE). Chips are tested at 25°C. 

FUNCTION TABLE 

RESET TRIGGER THRESHOLD 
OUTPUT 

DISCHARGE 
YOLTAGEt YOLTAGEt YOLTAGEt SWITCH 

<MIN Irrelevant Irrelevant L On 

>MAX <MIN Irrelevant H Off 

>MAX >MAX >MAX L On 

>MAX >MAX <MIN As previously established 

t For conditions shown as MIN or MAX, use the appropriate value specified under 
electrical characteristics. 

functional block diagram 

CONT RESET 

VDD 
8 

R 

5 4 

THRES _6 __ f---+--(Jr"'" 

R 

2 
TRIG ---f---a,., 

R 

.... ----------i...., T .... ___ 7_ 

GND 

Pin numbers are for all packages except the FK package. 
RESET can override TRIG, which can override THRES. 
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chip information 

This chip, when properly assembled, displays characteristics similar to the TLC555. 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 

....... ..:= 
• .--

14 64 ~ 
1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1 

CONT 
VDD (5) 

(8) 

RESET 
(4) 

R 
THRES (!.:.6)'-+-+-r ..... 

R 

TRIG (_2)-+_-ct.~ 

R 

(1) 
GND 

RESET can override TRIG, which can override THRES. 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJmax= 150°C 

TOLERANCES ARE ± 10%. 

ALL DIMENSIONS ARE IN MILS. 

PIN (1) IS INTERNALLY CONNECTED 
TO SACKSIDE OF CHIP. 

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

Supply voltage, Voo (see Note 1) ........................................................... 18 V 
Input voltage range, VI (any input) ..................................................... -0.3 to VOO 
Sink current, discharge or output .......................................................... 150 mA 
Source current, output, 10 ................................................................. 15 mA 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: C-suffix ...................................... O°C to 70°C 

I-suffix ................................... -40°C to 85°C 
M-suffix ................................. -55°C to 125°C 

Storage temperature range ....................................................... -65°C to 150°C 
Case temperature for 60 seconds: FK package ............................................. " 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 0, DB, P, or PW package ........ 260°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. 
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NOTE 1: All voltage values are with respect to network GND. 

DISSIPATION RATING TABLE 

TA",25°C DERATING FACTOR TA=70°C 
PACKAGE 

POWER RATING ABOVE TA = 25°C POWER RATING 

D 725mW 5.8mW/oC 464mW 
DBorPW 525mW 4.2mW/oC 336mW 

FK 1375mW 11.0mW/oC 880mW 
JG 1050mW 8.4mW/oC 672mW 
p 1000mW 8.0mW/oC 640mW 

recommended operating conditions 

Supply voltage, VDD 

Operating free-air temperature range, TA 

TLC555C 

TLC5551 

TLC555M 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

TA = 85°C TA = 125°C 
POWER RATING POWER RATING 

377mW 145mW 
273mW 105mW 
715mW 275mW 
546mW 210mW 
520mW 200mW 

MIN MAX UNIT 

2 15 V 

0 70 

-40 85 °C 

-55 125 
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electrical characteristics at specified free-air temperature, Voo = 2 V for TLC555C, Voo = 3 V for. 
TLC5551 

TEST 
TAt 

TLC555C TLC5551 
PARAMETER UNIT 

CONDITIONS MIN TVP MAX MIN TVP MAX 

25°C 0.95 1,33 1.65 1.6 2,4 
VIT Threshold voltage V 

Full range 0,85 1.75 1.5 2,5 

25°C 10 10 
liT Threshold current pA 

MAX 75 150 

25°C 0.4 0,67 0,95 0,71 1 1.29 
VI (TRIG) Trigger voltage V 

Full range 0.3 1,05 0,61 1,39 

25°C 10 10 
II(TRIG) Trigger current 

MAX 75 150 
pA 

25°C 0.4 1,1 1,5 0.4 1.1 1,5 
VI(RESET) Reset voltage V 

Full range 0,3 2 0,3 1,8 

25°C 10 10 
II(RESET) Reset current pA 

MAX 75 150 

Control voltage (open ci rcuit) as 
MAX 66,7% 66,7% 

a percentage of supply voltage 

Discharge switch on-stage 25°C 0,03 0,2 0.03 0,2 
IOL= 1 rnA V 

voltage Full range 0,25 0,375 

Discharge switch off-stage 25°C 0,1 0,1 

current 
nA 

MAX 0,5 120 

25°C 1.5 1,9 1.5 1,9 
VOH High-level output voltage IOH = -300 ItA V 

Full range 1,5 2.5 

25°C 0,07 0,3 0,07 0,3 
VOL Low-level output voltage IOL= 1 rnA V 

Full range 0,35 0.4 

25°C 250 250 
IDD Supply current See Note 2 ItA 

Full range 400 500 

"" " t Full range IS O°C to 70°C forthe TLC555C and - 40°C to 85°C forthe TLC5551. For conditions shown as MAX, use the appropriate value specified 
in the recommended operating conditions table, 

NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or to TRIG, 
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electrical characteristics at specified free-air temperature, Voo = 5 V 

TEST TLC555C TLC5551 TLC555M 
PARAMETER 

CONDITIONS TAt UNIT 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

25°C 2.8 3.3 3.8 2.8 3.3 3.8 2.8 3.3 3.8 
VIT Threshold voltage V 

Full range 2.7 3.9 2.7 3.9 2.7 3.9 

25°C 10 10 10 
liT Threshold current pA 

MAX 75 150 5000 

25°C 1.36 1.66 1.96 1.36 1.66 1.96 1.36 1.66 1.96 
VI(TRIG) Trigger voltage V 

Full range 1.26 2.06 1.26 2.06 1.26 2.06 

25°C 10 10 10 
II(TRIG) Trigger current 

MAX 75 150 5000 
pA 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 0.4 1.1 1.5 
VI(RESET) Reset voltage V 

Full range 0.3 1.8 0.3 1.8 0.3 1.8 

25°C 10 10 10 
II(RESET} Reset current pA 

MAX 75 150 5000 

Control voltage (open 
circuit) as a 

MAX 66.7% 66.7% 66.7% 
percentage of supply 
voltage 

Discharge switch 25°C 0.14 0.5 0.14 0.5 0.14 0.5 

on-state voltage IOL= 10 mA V 
Full range 0.6 0.6 0.6 

Discharge switch 25°C 0.1 0.1 0.1 

off-stale current 
nA 

MAX 0.5 120 120 

High-level output 25°C 4.1 4.8 4.1 4.8 4.1 4.8 
VOH voltage IOH= -1 mA V 

Full range 4.1 4.1 4.1 

25°C 0.21 0.4 0.21 0.4 0.21 0.4 
IOL=8mA 

Full range 0.5 0.5 0.6 

Low-level output 25°C 0.13 0.3 0.13 0.3 0.13 0.3 
VOL voltage IOL=5mA V 

Full range 0.4 0.4 0.45 

25°C 0.08 0.3 0.08 0.3 0.08 0.3 
IOL=3.2mA 

Full range 0.35 0.35 0.4 

25°C 170 350 170 350 170 350 
100 Supply current See Note 2 ~ 

Full range 500 600 700 

t Full range is O°C to 70°C the for TLC555C, - 40°C to 85°C for the TLC5551, and - 55°C to 125°C for the TLC555M. For conditions shown as 
MAX, use the appropriate value specified in the recommended operating conditions table. 

NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or TRIG. 
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electrical characteristics at specified free-air temperature, Voo = 15 V 

TEST 
TAt 

TLC555C TlC5551 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

25°C 9.45 10 10.55 9.45 10 10.55 
VIT Threshold voltage 

Full range 9.35 10.65 9.35 10.65 

25°C 10 10 
liT Threshold current 

MAX 75 150 

25°C 4.65 5 5.35 4.65 5 5.35 
VI(TRIG) Trigger voltage 

Full range 4.55 5.45 4.55 5.45 

25°C 10 10 
II(TRIG) Trigger current 

MAX 75 150 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 
VI(RESET) Reset voltage 

Full range 0.3 I.B, 0.3 I.B 

25°C 10 10 
II(RESET) Reset current 

MAX 75 150 

Control voltage (open 
circuit) as a 

MAX 66.7% 66.7% percentage of supply 
voHage 

Discharge switch 25°C 0.77 1.7 0.77 1.7 
IOL~100mA on-state voltage Full range 1.8 1.8 

Discharge switch 25°C 0.1 0.1 
off-state current MAX 0.5 120 

25°C 12.5 14.2 12.5 14.2 
IOH~-10mA 

Full range 12.5 12.5 

High-level output 25°C 13.5 14.6 13.5 14.6 
VOH IOH~-5mA voltage Full range 13.5 13.5 

25°C 14.2 14.9 14.2 14.9 
IOH~-1 mA 

Full range 14.2 14.2 

25°C 1.28 3.2 1.28 3.2 
IOL~ 100mA 

Full range 3.6 3.7 

Low-level outpllt 25°C 0.63 1 0.63 1 
VOL IOL~50 mA voltage Full range 1.3 1.4 

25°C 0.12 0.3 0.12 0.3 
IOL~10mA 

Full range 0.4 0.4 

25°C 360 600 360 600 
IDD Supply current See Note 2 

Full range 800 900 

TLC555M 
UNIT 

MIN TYP MAX 

9.45 10 10.55 
V 

9.35 10.65 

10 

5000 
pA 

4.65 5 5.35 
V 

4.55 5.45 

10 

5000 
pA 

0.4 1.1 1.5 
V 

0.3 I.B 

10 

5000 
pA 

66.7% 

0.77 1.7 
V 

1.8 

0.1 
nA 

120 

12.5 14.2 

12.5 

13.5 14.6 
V 

13.5 

14.2 14.9 

14.2 

1.28 3.2 

3.8 

0.63 1 

1.5 
V 

0.12 0.3 

0.45 

360 600 

1000 
j.I.A 

.. t Full range IS O°C to 70°C for TLC555C, - 40°C to 85°C for TLC5551, and - 55°C to 125°C for TLC555M. For conditions shown as MAX, use the appropnate value 
specified in the recommended operating conditions table. 

NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or TRIG. 

operating characteristics, VOD = 5 V, TA = 25°C (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

Initial error of timing interval:j: VDD~5VtoI5V, RA ~ RS= 1 kOto 100 kQ, 1% 3% 

Supply voltage sensistivity of timing interval CT~ O.II1F, See Note 3 0.1 0.5 %IV 

tr Output pulse rise time 20 75 
RL~10MO, CL~10pF ns 

tf Output pulse fall time 15 60 

fmax Maximum frequency in astable mode 
RA~470Q, R8~2000. 

1.2 ":.1 MHz 
CT~200pF, See Note 3 

:j: Timing interval error is defined as the difference between the measured value and the average value of a random sample from each process 
run. 

NOTE 3: RA, RS, and CT are as defined in Figure 1. 
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electrical characteristics at V DD = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIT Threshold voltage 2.8 3.3 3.8 V 

liT Threshold current 10 pA 

VI(TRIG) Trigger voltage 1.36 1.66 1.96 V 

II(TRIG) Trigger current 10 pA 

VI(RESEn Reset voltage 0.4 1.1 1.5 V 

II(RESEn Reset current 10 pA 

Control voltage (open circuit) as a percentage of supply voRage 66.7% 

Discharge switch on-state voltage IOL= 10mA 0.14 0.5 V 

Discharge switch off-state current 0.1 nA 

VOH High-level output voltage IOH=-1 mA 4.1 4.8 V 

IOL=8 mA 0.21 0.4 

VOL Low-level output voltage IOL=5mA 0.13 0.3 V 

IOL= 3.2 mA 0.08 0.3 

IDD Supply current See Note 2 170 350 !!A 
NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or TRIG. 

c: 
I 

I 
.s 

~ 
I 
f 
Q 

TYPICAL CHARACTERISTICS 

DISCHARGE SWITCH ON-STATE RESISTANCE 
vs 

100 

70 

40 

20 

10 

7 

4 

2 

1 

FREE-AIR TEMPERATURE 

VDD = 2 V, 10 = 1 mA :::;; 

I L .......-i"'""'l: 
......r--

,/'" VDD=5V, 10 = 10 mA 

~/ 
~ ~~=1~mA 

-, 

.. 
c: 
I .. 

CD 
E 
j:: 
>-

~ 
c: 
0 

1i 
CII .. 
a. e 
D. 
I 

:c 
...I 
D. -.:. :c 
D. 

PROPAGATION DELAY TIMES TO DISCHARGE 
OUTPUT FROM TRIGGER AND THRESHOLD 

SHORTED TOGETHER 
vs 

SUPPLY VOLTAGE 

600 I I I 
10(on).,1 mA 
CL=O 

500 TA=25°C ,--

\ 
\ 

400 

300 

\ ~ 
tprL ~ 

\ "- tPLHt 

200 

100 

o 
-75 -50 -25 0 25 50 75 100 125 o 2 4 6 8 10 12 14 16 18 20 

TA - Free-Air Temperature - °C 

Figure 1 

VDD - Supply Voltage - V 

t The effects of the load resistance on these values must be 
taken into account separately. 
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APPLICATION INFORMATION 

O.lI!F T 
RA -= 

VDD 
8 

-= VDD 
4 

RESET Rl 
213VDD 

7 TlC555 
DISCH 

Output 3 

RB 6 OUT 
THRES 

T Cl 

113 VDD 

2 
TRIG -= 

GND 
GND 

TCT 
-= -= 

I 
I 
I 
I I 

Pin numbers shown are for all packages except the 
FK package. 

TRIGGER AND THRESHOLD VOLTAGE WAVEFORM 

CIRCUIT 

Figure 3. Astable Operation 

Connecting TRIG to THRES, as shown in Figure 3, causes the timer to run as a multivibrator. The capacitor CT 
charges through RA and RB to the trigger voltage level (approximately 0.67 Voo) and then discharges through RB 
only to the value of the threshold voltage level (approximately 0.33 Voo). The output is high during the charging cycle 
(tc(H» and low during the discharge cycle (tc(L»' The duty cycle is controlled by the values of RA, RB, and CTas shown 
in the equations below. 

tc(H) = CT (RA + RB) In 2 (In 2 = 0.693) 

tc(l) = CT RB In 2 

Period = tc(H) + tc(l) 

Output driver duty cycle 

= CT (R A + 2RB) In 2 

tc(l) RS 
1 - =---'~,.-

tc(H) + tc(l) R A + 2RB 

tc(H) RB 
Output waveform duty cycle = t + t RA + 2RB 

c(H) c(l) 

The 0.1-IlF capacitor at CO NT in Figure 3 decreases the period by about 10%. 

The formulas shown above do not allow for any propagation delay times from the TRIG and THRES inputs to DISCH. 
These delay times add directly to the period and c.:reate differences between calculated and actual values that 
increase with frequency. In addition, the internal on-state resistance ron during discharge adds to RB to provide 
another source of timing error in the calculation when RB is very low or ron is very high. 
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APPLICATION INFORMATION 

The equations below provide better agreement with measured values. 

These equations and those given earlier are similar in that a time constant is multiplied by the logarithm of a number 
or function. The limit values of the logarithmic terms must be between In 2 at low frequencies and In 3 at extremely 
high frequencies. For a duty cycle close to 50%, an appropriate constant for the logarithmic terms can be substituted 

t t 
with good results. Duty cycles less than 50% c(H) require that c(H) <1 and possibly RA $; ron. These 

tC(H) + tC(L) tc(L) 
conditions can be difficult to obtain. 

In monostable applications, the trip point on TRIG can be set by a voltage applied to CO NT. An input voltage between 
10% and 80% of the supply vo!tage from a resistor divider with at least 500-!J,A bias provides good results. 
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• Very Low Power Consumption ... 2 mW 
Typ at Voo = 5 V 

• Capable of Operation in Astable Mode 

• CMOS Output Capable of Swinging Rail to 
Rail 

• High Output-Current Capability 
Sink 100 mA Typ 
Source 10 mA Typ 

• Output Fully Compatible With CMOS, TTL, 
and MOS 

• Low Supply Current Reduces Spikes 
During Output Transitions 

• Single-Supply Operation From 2 V to 15 V 

• Functionally interchangeable With the 
NE556; Has Same Pinout 

description 

The TLC556 series are monolithic timing circuits 
fabricated using the TI LinCMOSTM process, which 
provides full compatibility with CMOS, TIL, and 
MOS logic and operates at frequencies up to 
2 MHz. Accurate time delays and oscillations are 
possible with smaller, less-expensive timing 
capacitors than the NE556 because of the high 
input impedance. Power consumption is low 
across the full range of power supply voltages. 

Like the NE556, the TLC556 has a trigger level 
approximately one-third of the supply voltage and 

TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LINCMOSTM TIMERS 

SLFS047 - FEBRUARY 1 - REVISED FEBRUARY 1992 

t, UH N I'Al;KAI.iI: 

f'ACKAGE 

(TOP VIEW) 

1 DISCH 1 
1 THRES 2 

1 RESET 
1 OUT 
1 TRIG 

GND 7 

(TOP VIEW) 

VDD 
2 DISCH 
2THRES 
2CONT 
2 RESET 
2 OUT 
2 TRIG 

1 CONT 
3 2 1 20 19 

2THRES 4 18 
NC 17 NC 

1 RESET 
5 

6 16 2 CO NT 
NC 7 15 NC 

1 OUT 8 14 2 RESET 
9 10 11 12 13 

NC-No internal connection 

a threshold level approximately two-thirds of the supply voltage. These levels can be altered by use of the control 
voltage terminal. When the trigger input falls below the trigger level, the flip-flop is set and the output goes high. 
If the trigger input is above the trigger level and the threshold input is above the threshold level, the flip-flop is 
reset and the output is low. The reset input can override all other inputs and can be used to initiate a new timing 
cycle. If the reset input is low, the flip-flop is reset and the output is low. Whenever the output is low, a 
low-impedance path is provided between the discharge terminal and ground. 

While the CMOS output is capable of sinking over 100 mA and sourcing over 1 0 mA, the TLC556 exhibits greatly 
reduced supply-current spikes during output transitions. This minimizes the need for the large decoupling 
capacitors required by the NE556. 

These devices have internal electrostatic-discharge (ESO) protection circuits that prevent catastrophic failures 
at voltages up to 2000 V as tested under MIL-STO-883C, Method 3015. However, care should be exercised in 
handling these devices, as exposure to ESO may result in degradation of the device parametric performance. 

All unused inputs should be tied to an appropriate logic level to prevent false triggering. 

The TLC556C is characterized for operation from O°C to 70°C. The TLC5561 is characterized for operation from 
-40°C to 85°C. The TLC556M is characterized for operation over the full military temperature range of -55°C 
to 125°C. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

~::~:::1: =:sl~~~h::': :/e:'rn:~m: 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1992, Texas Instruments Incorporated 
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TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LINCMOSTM TIMERS 

SLFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

AVAILABLE OPTIONS 

PACKAGE 
TA VDD SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP 

CHIP FORM 
RANGE RANGE 

(D) (FK) (J) (N) 
(Y) 

O°C 2V 
to to TLC556CD TLC556CN TLC556Y 

70°C 18 V 

-40°C 3V 
to to TLC5561D TLC5561N 

85°C 18V 

_55°C 5V 
to to TLC556MD TLC556MFK TLC556MJ TLC556MN 

125°C 18V 

The D package IS available taped and reeled. Add the suffix R to the device type (e.g., TLC556CDR). 

FUNCTION TABLE 

RESET TRIGGER THRESHOLD 
OUTPUT 

DISCHARGE 
VOLTAGEt VOLTAGEt VOLTAGEt SWITCH 

<MIN Irrelevant Irrelevant L On 

> MAX <MIN Irrelevant H Off 

>MAX >MAX >MAX L On 

> MAX > MAX <MIN As previously established 
.. .. . . 

t For conditions shown as MIN or MAX, use the appropriate value specIfied under electrical charactenstlcs . 

functional block diagram (each timer) 

2 
THRES 

6 
TRIG 

CONT 
VDD 3 

14 

R 

7 

GND 

R 

R 

RESET 

4 

RESET can override TRIG and THRES. 
TRIG can override THRES. 

Pin numbers shown are for the D, J, or N packages. 

1H12 

~TEXAS 
INSTRUMENTS 

POST OFFICE 80X 655303 • OALLAS, TEXAS 75265 

5 
OUT 

DISCH 



TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LlNCMOSTM TIMERS 

SLFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

TLC556Y chip information 

These chips, properly assembled, display characteristics similar to the TLC556 (see electrical table). 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 

14 97 ~ 
1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1'1' 

FUNCTIONAL BLOCK DIAGRAM (EACH TIMER) 

CONT 
VDD (3) 

(14) 

R 

RESET 

(4) 

THRESH _(~2~) __ +-~ __ ~, 

R 

(6) 
TRIG -'-"--c-f-----a 

R 

(7) 

GND 

~TEXAS 
INSTRUMENTS 
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(5) 

(1) 

CHIP THICKNESS: 15 TYPICAL 
BONDING PADS: 4 x 4 MINIMUM 
TJ max = 150°C 
TOLERANCES ARE ±10% 
ALL DIMENSIONS ARE IN MILS 
NO BACKSIDE METALLIZATION 
PIN (7) INTERNALLY CONNECTED 

TO BACKSIDE OF CHIP 

OUT 

DISCH 
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TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LINCMOSTM TIMERS 

SLFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 
TLC556C TLC5561 TLC556M 

Supply voltage, VOO (see Note 1) 18 18 18 

Input voltage range, VI -0.3 to VOO -0.3 to VOD -0.3toVDD 

Sink current, discharge or output 150 150 150 

Source current, output 15 15 15 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range Ot070 -40 to 85 

Storage temperature range -65 to 150 -65 to 150 

Case temperature for 60 seconds FKpackage 
Lead temperature l,6mm (1116 inch) from case for 60 seconds J package 

Lead temperature 1,6 mm (1/16 inch) frOm case for 10 seconds o or N package 260 260 

NOTE 1: All vo~age values are with respect to network ground terminal. 

DISSIPATION RATING TABLE 

TAS25°C DERATING FACTOR TA = 70°C TA = 85°C PACKAGE POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING 

D 950mW 7.6mWrC 608mW 
FK 1375mW 11.0 mW/oC 880mW 
J 1375mW 11.0 mW/oC . 880mW 
N 1150mW 9.2mW/oC 736mW 

recommended operating conditions 

Supply voltage, VOO 

Operating free-air temperature range, TA 

8-84 

TLC556C 

TLC5561 

TLC556M 
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494mW 
715mW 
715mW 
598mW 

-55 to 125 

-65 to 150 

260 

300 

TA=125°C 
POWER RATING 

NlA 
275mW 
275mW 

N/A 

MIN MAX 

2 15 

0 70 

-40 85 

-55 125 

UNIT 
V 

V 

rnA 
rnA 

°C 

°C 

°C 

UNIT 

V 

°C 



TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LlNCMOSTM TIMERS 

SLFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

electrical characteristics at specified free-air temperature, Voo = 2 V for TLC556C, VOO = 3 V for 
TLC5561 

TEST 
TAt 

TLC556C TLC5561 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

UNIT 

25°C 0.95 1.33 1.65 1.6 2 2.4 
VT Threshold voltage V 

Full range 0.85 1.75 1.5 2.5 

25°C 10 10 
IT Th reshold current pA 

MAX 75 150 

25°C 0.4 0.67 0.95 0.71 1 1.29 
Vtrigger Trigger voltage V 

Full range 0.3 1.05 0.61 1.39 

25°C 10 10 
Itrigger Trigger current 

MAX 75 150 
pA 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 
Vreset Reset voltage V 

Full range 0.3 1.8 0.3 1.8 

25°C 10 10 
Ireset Reset current pA 

MAX 75 150 

Control voltage (open circuit) as a 
MAX 66.7% 66.7% 

percentage of supply voltage 

25°C 0.04 0.2 0.03 0.2 
Discharge switch on-state voltage IOL= 1 mA V 

Full range 0.25 0.375 

25°C 0.1 0.1 
Discharge switch off-state current nA 

MAX 0.5 120 

25°C 1.5 1.9 1.5 1.9 
VOH High-level output voltage IOH = -300 ).lA V 

Full range 1.5 2.5 

25°C 0.07 0.3 0.07 0.3 
VOL Low-level output voltage IOL= 1 mA V 

Full range 0.35 0.4 

25°C 130 500 130 500 
IDD Supply current See Note 2 ).lA 

Full range 800 1000 

t Full range IS O°C to 70°C for TLC556C and -40°C to 85°C for TLC5561. 
NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or TRIG. 
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TLC556C, TLC5561, TLC556M, TLC556V 
DUAL LlNCMOSTM TIMERS 

SLFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

electrical characteristics at specified free-air temperature, Voo = 5 V 
TEST 

TAt 
TLC556C TLC5561 

PARAMETER 
CONDITIONS MIN TYP MAX MIN TYP 

25°C 2.8 3.3 3.8 2.8 3.3 
VT ThreShold vOltage 

Full range 2.7 3.9 2.7 

25°C 10 10 
IT Threshold current 

MAX 75 150 

25°C 1.36 1.66 1.96 1.36 1.66 
Vtrigger Trigger voltage 

Full range 1.26 2.06 1.26 

25°C 10 10 
Itrigger Trigger current 

MAX 75 150 

25°C 0.4 1.1 1.5 0.4 1.1 
Vreset Reset voltage 

Full range 0.3 1.8 0.3 

25°C 10 10 
Ireset Reset current 

MAX 75 150 

Control voltage (open 
circuit) as a percentage MAX 66.7% 66.7% 
of supply voltage 

Discharge switch 25°C 0.15 0.5 0.15 

on-state voltage IOL=10mA 
Full range 0.6 

Discharge switch 25°C 0.1 0.1 

off-state current MAX 0.5 2 

High-level output 25°C 4.1 4.8 4.1 4.8 
VOH IOH=-lmA voltage Full range 4.1 4.1 

25°C 0.21 0.4 0.21 
IOL=8rnA 

Full range' 0.5 

Low-level output 25°C 0.13 0.3 0.13 
VOL voltage IOL=5mA 

Full range 0.4 

25°C 0.08 0.3 0.08 
IOL= 3.2 mA 

Full range 0.35 

25°C 340 700 340 
IDD Supply current See Note 2 

Full range 1000 

t Full range IS O°C to 70°C for TLC556C, -40°C to 85°C for TLC5561, and -55°C to 125°C for TLC556M. 

TLC556M 

MAX MIN TYP 

3.8 2.8 3.3 

3.9 2.7 

10 

5000 

1.96 1.36 1.66 

2.06 1.26 

10 

5000 

1.5 0.4 1.1 

1.8 0.3 

10 

5000 

66.7% 

0.5 0.15 

0.6 0.6 

0.1 

120 

4.1 4.8 

4.1 

0.4 0.21 

0.5 

0.3 0.13 

0.4 

0.3 0.08 

0.35 

700 340 

1200 

NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or to TRIG. 

/ 
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UNIT 
MAX 

3.8 
V 

3.9 

pA 

1.96 
V 

2.06 

pA 

1.5 
V 

1.8 

pA 

0.5 
V 

nA 

V 

0.4 

0.6 

0.3 
V 

0.45 

0.3 

0.4 

700 

1400 
ItA 



TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LINCMOSTM TIMERS 

SlFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

electrical characteristics at specified free-air temperature, Voo = 15 V 

TEST 
TAt 

TlC555C TlC5551 
PARAMETER 

CONDITIONS MIN TYP MAX MIN TYP MAX MIN 

25°C 9.45 10 10.55 9.45 10 10.55 9.45 
VT Threshold voltage 

Full range 9.35 10.65 9.35 10.65 9.35 

25°C 10 10 
IT Threshold current 

MAX 75 150 

25°C 4.65 5 5.35 4.65 5 5.35 4.65 
Vtrigger Trigger voltage 

Full range 4.55 5.45 4.55 5.45 4.55 

25°C 10 10 
Itrigger Trigger current 

MAX 75 150 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 0.4 
Vreset Reset voltage 

Full range 0.3 1.8 0.3 1.8 0.3 

25°C 10 10 
Ireset Reset current 

MAX 75 150 

Control voltage (open 
circuit) as a percentage MAX 66.7% 66.7% 
of supply voltage 

Discharge switch on- 25°C 0.8 1.7 0.8 1.7 
IOl = 100 mA state voltage Full range 1.8 1.8 

Discharge switch 011- 25°C 0.1 0.1 

state current MAX 0.5 2 

25°C 12.5 14.2 12.5 14.2 12.5 
IOH=-10mA 

Full range 12.5 12.5 12.5 

25°C 13.5 14.6 13.5 14.6 13.5 
VOH High-level output voltage IOH =-5 mA 

Full range 13.5 13.5 13.5 

25°C 14.2 14.9 14.2 14.9 14.2 
IOH=-l mA 

Full range 14.2 14.2 14.2 

25°C 1.28 3.2 1.28 3.2 
IOl= 100mA 

Full range 3.6 3.7 

25°C 0.63 1 0.63 1 
VOL low-level output voltage IOl =50 mA 

Full range 1.3 1.4 

25°C 0.12 0.3 0.12 0.3 
IOl= 10mA 

Full range 0.4 0.4 

25°C 0.72 1.2 0.72 1.2 
100 Supply current See Note 2 

Full range 1.6 1.8 

t Full range IS O°C to 70°C for TlC556C, -40°C to 85°C for TlC5561, and -55°C to 125°C for TlC556M. 
NOTE 2: These values apply for the expected operating configurations in which THRES is connected directly to DISCH or TRIG. 
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TLC555M 
UNIT 

TYP MAX 

10 10.55 
V 

10.65 

10 
pA 

5000 

5 5.35 
V 

5.45 

10 

5000 
pA 

1.1 1.5 
V 

1.8 

10 
pA 

5000 

66.7% 

0.8 1.7 
V 

1.8 

0.1 
nA 

120 

14.2 

14.6 
V 

14.9 

1.28 3.2 

3.8 

0.63 1 
V 

1.5 

0.12 0.3 

0.45 

0.72 1.2 

2 
ItA 
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TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LINCMOSTM TIMERS 

SLFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

electrical characteristics, Voo = 5 V, TA = 25°C 
PARAMETER 

VT Threshold voltage 

IT Threshold current 

Vtrigger Trigger voltage 

Itrigger Trigger current 

Vreset Reset voltage 

I reset Reset current 

Discharge switch on-state voltage 

Discharge switch off-state current 

VOH High-level output voltage 

VOL Low-level output voltage 

IDD Supply current 

TEST CONDITIONS MIN TYP MAX 

2.8 3.3 3.8 

10 

1.36 1.66 1.96 

10 

0.4 1.1 1.5 

10 

IOL=10mA 0.15 0.5 

0.1 

IOH=-1 mA 4.1 4.8 

IOL=8mA 0.21 0.4 

IOL=5mA 0.13 0.3 

IOL=2.1 mA 0.08 0.3 

See Note 2 3.40 700 

NOTE 2: These values apply for the expected operating configuratIOns In which THRES IS connected directly to DISCH or TRIG. 

operating characteristics, Voo = 5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Initial error of timing interval t VDD = 5 Vto 15 V, RA=RB=1 kQt0100kQ 1% 3% 

Supply voltage sensitivity of timing interval CT=0.1I1F, See Note 3 0.1 0.5 

tr Output pulse rise time 20 75 
RL=10MQ, CL= 10pF 

tf Output pulse fall time 15 60 

fmax Maximum frequency in astable mode 
RA=470Q, RB=200Q, 

1.2 2.1 
CT= 200 pF, See Note 3 

UNIT 

V 

pA 

V 

pA 

V 

pA 

V 

nA 

V 

V 

I1A 

UNIT 

%N 

ns 

MHz 

t Timing Interval error IS defined as the difference between the measured value and the average value of a random sample from each process 
run. 

NOTE 3: RA, RB, and CT are as defined in Figure 3. 
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TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LlNCMOSTM TIMERS 

SLFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

TYPICAL CHARACTERISTICS 

DISCHARGE SWITCH ON-STATE RESISTANCE 
vs 
FREE-AIR TEMPERATURE 

100 

70 

40 

20 

10 

7 

4 

2 

1 

,/ 

" 

Voo = 2 V, 10 = 1 mA :::::;; 
I I.....+--

......r-
/ VOO=5V,10=10mA 

...,.,.. ~'~=10~mA 

-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °C 

Figure 1 

PROPAGATION DELAY TIMES TO DISCHARGE 
OUTPUT FROM TRIGGER AND THRESHOLD 
SHORTED TOGETHER 
vs 
SUPPLY VOLTAGE 

600 I I I 

'" C 
I 

:l 
~~,!nJ;?;1 mA 

500 
E 

TA=25°C -

t= 
>-

-m 400 Q 
c 

i 300 
! e 
Do 
I 200 
:I: 
...J 
Do .. 

\ , 
1\ "'- tpHL -

\ I 
tPLH* 

..::. 100 
:I: 
Do .. 

o 
o 2 4 6 8 10 12 14 16 18 20 

VOO - Supply Voltage - V 

* The effects of the load resistance on these values must be 
taken into account separately. 

Figure 2 
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TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LINCMOSTM TIMERS 

SLFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

RB 

8-90 

VDD 
'------I RESET 

.-__ --/ DISCJLC556 

OUT 

THRES 

.--.---/ TRIG 
GND 

APPLICATION INFORMATION 

VDD 

RL 
213VDD 

Output 

113 VDD 

-=-
GND 

I 
I 
I 
I I 

CIRCUIT TRIGGER AND THRESHOLD VOLTAGE WAVEFORM 

Figure 3. Astable Operation 

Connecting the trigger input to the threshold input, as shown in Figure 3, causes the timer to run as a 
multivibrator. The capacitor CT charges through RA and Rs to the trigger voltage level (approximately 0.67 Voo) 
and then discharges through Rs only to the value of the threshold voltage level (approximately 0.33 VOO)' The 
output is high during the charging cycle (tH) and low during the discharge cycle (tL)' The duty cycle is controlled 
by the values of RA, and Rs, and CT, as shown in the equations below. 

tH ,., CT (RA + RB) In 2 (In 2 = 0.693) 

tL "" CT RB In 2 

Period = tH + tL "" CT (RA + 2RB) In 2 

Output driver duty cycle 

t 
Output wavefonn duty cycle = t ~ t 

H L 

The 0.1-IlF capacitor at CO NT in Figure 3 decreases the period by about 10%. 

The formulas shown above do not allow for any propagation delay from the trigger and threshold inputs to the 
discharge output. These delay times add directly to the period and create differences between calculated and 
actual values that increase with frequency. In addition, the discharge output resistance ron adds to Rs to provide 
another source of error in the calculation when Rs is very low or ron is very high. 

The equations below provide better agreement with measured values. 
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TLC556C, TLC5561, TLC556M, TLC556Y 
DUAL LlNCMOSTM TIMERS 

SLFS047 - FEBRUARY 1984 - REVISED FEBRUARY 1992 

APPLICATION INFORMATION 

The preceding equations and those given earlier are similar in that a time constant is multiplied by the logarithm 
of a number or function. The limit values of the logarithmic terms must be between In 2 at low frequencies and 
In 3 at extremely high frequencies. For a duty cycle close to 50%, an appropriate constant for the logarithmic 

terms can be substituted with good results. Duty cycles less than 50% ~ will require that tH < 1 and 
tH + tL tL 

possibly RA:':; ron. These conditions can be difficult to obtain. 

In monostable applications, the trip point of the trigger input can be set by a voltage applied to CONT. An input 
voltage between 10% and 80% of the supply voltage from a resistor divider with at least 500-j.LA bias provides 
good results. 
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TLS1233 
VIDEO PREAMPLIFIER SYSTEM 

• Wide Bandwidth ... Typ 100 MHz at -3 dB 

• Three Channels 
• 0 V to 4 V, Digital Level-Contrast Control 

• 0 V to 4 V, Digital Level-Gain Adjust Control 

• 20-Pin Plastic DIP for Small PCB Area 
Required 

• Fewer Peripheral Components Required 
Than for LM1203 Applications 

• Independent CLAMP(+) Adjustment to Each 
Channel 

description 

SLVSI26C-JULY 1995-

R CLAMP(+) 

VCC1 
RVIDEOIN 

R CLAMP CAP 
GVIDEO IN 

G CLAMP CAP 
BVIDEO IN 

B CLAMP CAP 
CONTRAST 

NPACKAGE 
(TOP VIEW) 

7 

B 13 
12 
11 

GCLAMP(+) 
B CLAMP(+) 
R VIDEO OUT 
R GAIN ADJUST 

VCC2 
GVIDEOOUT 
G GAIN ADJUST 
B VIDEO OUT 
B GAIN ADJUST 
CLAMP GATE 

The TLS1233 is a 100-MHz wide-band video preamplifier system intended for mid-to-high-resolution RGB 
(red-green-blue) color monitors. Each video amplifier (R, G, and B) contains a gain set for adjusting maximum 
system gain (Av = 7.8 VN). The TLS1233 provides digital level-operated contrast, brightness, and gain 
adjustment control. All the control inputs offer high input impedance and an operation range from 0 V to 4 V for 
easy interface to the serial digital buses. Provided in a 20-pin plastic dual-in-line package (DIP), the TLS1233 
integrates most of the external components required to accommodate the video system. 

The TLS1233 operates from a 12-V supply and contains an internal input bias voltage. Also, the TLS1233 
contains the feedback resistor required between output and CLAMP(-) for dc level holding. The device is 
characterized for operation from O°C to 70°C. 

functional block diagram 

R VIDEO IN -=----jA >-+------1 
R CLAMP CAP -"-----'-+--+---.---1 

R GAIN ADJUST --'-'------' 

G VIDEO IN -=-----1 1:>-+------1 
G CLAMP CAP -'------=-t--t--..... ----f 

G GAIN ADJUST --=-----' 

B VIDEO IN -"-----I "CH------1 

B CLAMP CAP -"-------=-t--t--..... ----f 
B GAIN ADJUST --'-"'------' 

CONTRAST 

.r-''M,---..,.16,,-- VCC2 

""--'V\I\r-4H--'-'1B<.., R VIDEO OUT 

1--____ -+--'-1 R CLAMP(+) 

""'_-'V\1\r-4H--'-'15<.., G VIDEO OUT 

H ____ -+-"2"'-O G CLAMP(+) 

""'_-'V\1\r-4_-'-'13<.., B VIDEO OUT 

H _____ --'1.!!..9 B CLAMP(+) 

CLAMP GATE ...!..!.----------------' 

~TEXAS 
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TLS1233 
VIDEO PREAMPLIFIER SYSTEM 

SLVS126C-JULY 1995- REVISED JUNE 1996 

TLS1233Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLS1233. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold-silicon preform. 

BONDING PAD ASSIGNMENTS 

76 

I. 78 

1 I I I I 1 I I I I 1 I I I I 1 I I 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJmax=150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

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

Supply voltage, Vee ..................................................................... 13.5 V 
Input voltage range, VI (see Note 1) ........................ ,........................... 0 V to Vee 
Video output current, 10 (per channel) ...................................................... 28 mA 
Total power dissipation at (or below) 25°C free-air temperature (see Note 2) .................... 1.87 W 
Operating virtual junction temperature range, T J .................................... -55°C to 150°C 
Operating free-air temperature range, T A .............................................. O°C to 70°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 Vee terminals must be externally wired together to prevent internal damage during Vee power-onl-off cycles. 

8-94 

2. For operation above 25°e free-air temperature, derate linearly from 1.87 W (TA = 25°e) to 1.2 W (TA = 70°C). This equates to a 
derating factor of 15 mW/oe. 
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TLS1233 
VIDEO PREAMPLIFIER SYSTEM 

SLVSI26C-JULY 1995 - REVISED JUNE 1996 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCCI and VCC2 11 12 13 V 

High-level input voltage range, CLAMP GATE, VIH I Clamp comparators off 2.4 5 V 

Low-level input voltage range, CLAMP GATE, VIL I Clamp comparators on 0 0.8 V 

Operating free-air temperature, TA 0 70 °C 

electrical characteristics at 25°C free-air temperature range, CLAMP GATE = 0 V, CLAMP(+} = 2 V, 
CONTRAST = R,G,B GAIN ADJUST = 4 V, V CC1 =V CC2 = 12 V (see Figure 2) (unless otherwise noted) 

PARAMETER 
ALTERNATE 

TEST CONDITIONS MIN TYP MAX UNIT 
SYMBOL 

ICC Supply current VCCI +VCC2 84 94 rnA 

Vref Video input reference voltage Measure RlG/B video input 2.1 2.3 2.5 V 

II 
Contrast and R,G,B GAIN ADJUST Measure CONTRAST, 

-0.5 -10 IJ.A input current RlGIB GAIN ADJUST 

IlL Clamp gate low input current CLAMP GATE - 0 V -0.5 -2.4 IJ.A 
IIH Clamp gate high input current CLAMP GATE -12 V 0.005 1 IJ.A 

Clamp capacitor charge current IK(chg) R,G,B CLAMP CAP = 0 V 1 rnA 

Clamp capacitor discharge current IK(dschg) R,G,B CLAMP CAP = 5 V -1 rnA 

VOL Low-level output voltage R,G,B CLAMP CAP = 0 V 0.3 V 

VOH High-level output voltage R,G,B CLAMP CAP = 5 V 7.8 V 

VQ(diffl Output voltage difference VO(diff) Between any two channels ±0.5 ±50 mV 

operating characteristics at 25°C free-air temperature, CLAMP GATE = 0 V, CLAMP(+} = 4 V, 
CONTRAST = R,G,B GAIN ADJUST = 4 V, fl = 10kHz, V CC1 = V CC2 = 12 V (unless otherwise noted) 

PARAMETER 
ALTERNATE 

TEST CONDITIONS MIN TYP MAX UNIT 
SYMBOL 

AV(max) Maximum voltage amplification AVMAX CONTRAST = 4 V, VIPP= 700 mV 7.8 VN 

AV(mid) Midrange voltage amplification AVMID CONTRAST = 2 V, VIPp=700 mV 2 VN 

Contrast voltage for minimum 
VCONT-LOW VI(PP) = 1 V, See Note 3 1 V 

amplification 

Amplification match at AV(max) AVmax(diff) CONTRAST = 4 V, See Note 4 ±O.2 dB 

Amplification match at AV(midl AVmidldiffl CONTRAST = 2 V, See Note 3 ±0.2 dB 

Amplification match at AV(low) AVlow(diff) 
CONTRAST = VCONT-LOW, 

±O.2 dB 
See Note 3 and 4 

THD Total harmonic distortion CONTRAST = 1 V, VIPP= 1 V 0.5 % 

BW Amplifier bandwidth BW(-3dB) 
CONTRAST = 4 V, 

100 MHz 
See Notes 5 And 7 

CONTRAST = 4 V, f= 10kHz, 
60 dB 

See Note 6 
Crosstalk attenuation ax 

CONTRAST = 4 V, See Notes 6 or 7 
40 dB 

f=10MHz, 

Pulse test for rise time tr CONTRAST = 4 V, CLAMP(+) = 2 V, 3 ns 

Pulse test for fall time tf VO(PP) =4 V See Notes 5 and 7 4 ns 

NOTES: 3. Determine VCONT-LOW for -40 dB attenuation of output. Reference to AV(max)· 
4. Measure gain difference between any two amplifiers, VI(PP) = 1 V. 
5. Adjust input frequency from 10 kHz (AV(max) reference level) to the -3-dB corner frequency (f -3 dB). VI(PP) = 700 my. 
6. VI(PP) = 700 mV atl = 10kHz to any amplifier. Measure output levels of the other two Undriven amplifiers relative to driven amplifier. 
7. A special text fixture without a socket and a double-sided full-ground-plane PC board are required. 
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TLS1233 
VIDEO PREAMPLIFIER SYSTEM 

SLVS126C-JULY 1995- REVISED JUNE 1996 

8-96 

PARAMETER MEASUREMENT INFORMATION 

CLAMP(+) ______ --*--'-11 R CLAMP(+) G CLAMP(+) 20 

0.111F T 
2 

12 V -~.+----_=i VCC1 B CLAMP(+) 19 

10 l1FT 

R Video In -~"----l f-:-~ ___ --,3, R VIDEO IN R VIDEO OUT 18 To Red 1-'-"--.----- Cascade Driver 
75n 

4 R CLAMP CAP R GAIN ADJUST 1-":..:..7---=--+-____ 0 V to 4 V 

G Video In _~"-l1-:--_1---,5'-1 G VIDEO IN VCC2 1-'1"'6 ___ --1.+- 12 V 

0.111F T T 10l1F 75n 

6 GND G VIDEO OUT 15 -=- -=- ~~::; Driver 

390n 

-=- 7 G CLAMP CAP G GAIN ADJUST 1-1:....:4_ ........ ____ 0 V to 4 V 

B Video In -~""'--l f-_ _+_-8, B VIDEO IN B VIDEO OUT 13 To Blue 1-=-_---- Cascade Driver 
75n 390n 

9 B CLAMP CAP B GAIN ADJUST 1-1=-=2'--_+_---- 0 V to 4 V 

T 0.111F 

CONTRAST ______ ..._1-'-'0'-' CONTRAST CLAMP GATE 1-':...:.' ______ CLAMP GATE 

Figure 1. Test Circuit 
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TLS1233 
VIDEO PREAMPLIFIER SYSTEM 

SLVS126C-JULY 1995- REVISED JUNE 1996 

APPLICATION INFORMATION 

4V 4V 

:>+----_4�1----1'-1 R CLAMP(+) G CLAMP(+) 1"'2=::0'--____ --10< 

0.111F T 
2 12 V --_------4_=_1 VCC1 

4V -=

B CLAMP(+) 1-1'-.:9'-----.... 1 

R Video In -~"--1 f-:----It----,3'-1 R VIDEO IN R VIDEO OUT 18 To Red 
1-'"''41------ Cascade Driver 

750 

4 R CLAMP CAP R GAIN ADJUST 1-1.:..:7----=~>----~I 
T 0.111F 

5 
G Video In -~"----I 1-----1_--"-1 G VIDEO IN VCC2 

16 12V 

750 0.111F T T 
1Ol1F 

6 15 To Green 
GND GVIDEOOUT Cascade Driver 

7 G CLAMP CAP G GAIN ADJUST 1-1.:.:4'----.>__----10< 

B Video In _---1 .... --11-_---4_-8=_1 B VIDEO IN B VIDEO OUT 13 To Blue 
1-'"''---411----- Cascade Driver 

750 

9 B CLAMP CAP B GAIN ADJUST 1-1:.,:2'--_>------10< 

0.111F T 

>4~~~~_~~~101 CONTRAST CLAMP GATE 1-1'-'1_'VV'v--___ CLAMP GATE 

1000 

t Minimum pulse width: 300 ns 

Figure 2. Application Circuit 
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• Wide Bandwidth ... Typ 100 MHz at -3 dB 
• Color Saturation Control Features 
• Digital Level Control (0 V to 4 V) for 

Contrast, Color, and Brightness 

• Mixer Function for OSD Applications 
• Blanking Function for On-Screen Display 

(OSD) Applications 
• Fewer Peripheral Components Required 

• Low-Impedance Output Driver 

description 

The TLS1255 is a wide-band video preamplifier 
system intended for high-resolution red-green-blue 
(RGB) color monitors with color-saturation control 
features. The saturation of a color refers to the 
degree of chroma or purity, or the degree of 
freedom from admixture with white. In addition to 

TLS1255 
VIDEO PREAMPLIFIER SYSTEM 

WITH ON·SCREEN DISPLAY MIXER 

N PACKAGE 
(TOP VIEW) 

R_OSD_IN OSD_ADJUST 
G_OSD_IN R_GAIN_ADJUST 
B_OSD_IN R_CLAMP{+} 

R_VIDEO_IN 4 R_VIDEO_OUT 
R_CLAMP _CAP G_GAIN_ADJUST 

G_VIDEO_IN VCC2 
GNO G_VIDEO_OUT 

G_CLAMP _CAP G_CLAMP{+} 
B_VIDEO_IN B_VIDEO_OUT 

B_CLAMP _CAP B_GAIN_AOJUST 

VCC1 11 
CONTRAST 

COLOR 

GND 
BLANKING 
OSO_BLANKING 
B_CLAMP{+} 

the RGB preamplifier function, the TLS1255 provides color-saturation control and gain control at the video 
system outputs. Each- video amplifier (R, G, and B) contains a gain set for adjusting maximum system gain 
(Av = 6 dB). The TLS1255 provides a digital level-operated contrast, brightness, color, and gain adjustment. The 
video-output stages from TLS1255 directly drive CRT power amplifiers. 

The system has been designed to operate from a 12-V supply with all digital level controls operating over a 
O-V to 4-V range to make the interface to serial digital buses possible. The TLS1255 also contains a blanking 
circuit that clamps the video output voltage to within 0.2 V of ground. The mixer circuit required for the OSD 
application is also integrated into the TLS1255, which makes the design of video boards and other applications 
easier. 

The TLS1255 is characterized for operation from O°C to 70°C. 
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TLS1255 
VIDEO PREAMPLIFIER SYSTEM 
WITH ON-SCREEN DISPLAY (OS D) MIXER 
SLVS142 - DECEMBER 1996 

TLS1255Y chip information 

This chip, when properly assembled, displays characteristics similar to the TLS1255. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. The chips may be mounted with 
conductive epoxy or a gold silicon preform. 

BONDING PAD ASSIGNMENTS 

~14-------- 95 ~ 
I I I I I I I I I I I I I I I I I I I 

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJ max = 150°C 

TOLERANCES ARE ± 1 0%. 

ALL DIMENSIONS ARE IN MILS. 

NO BACKSIDE METALIZATION 

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

Supply voltage, Vee (see Note 1) .......................................................... 13.5 V 
Input voltage range, VI (see Note 1) .................................................... 0 V to Vee 
Video output current, 10 (per channel) ...................................................... 28 mA 
Total power dissipation at (or below) 25°C free-air temperature (see Note 2) .................... 2.37 W 
Operating virtuai junction temperature range, T J ............................................. 150°C 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range, Tstg .................................................. -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°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 Vee terminals must be externally wired together to prevent internal damage during Vee power-on/-off cycles. 
2. For operation above 25°e free-air temperature, derate Iinear1y to 1.52 W at the rate of 19 mW/oe. 

8-100 
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TLS1255 
VIDEO PREAMPLIFIER SYSTEM 

WITH ON-SCREEN DISP~~~4~~~Pc!M~J~I~~ 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCCI and VCC2 11 12 13 V 

High-level input voltage range, CLAMP GATE, VIH Clamp comparators off 2.4 5 V 

Low-level input voltage range, CLAMP GATE, VIL Clamp comparators on 0 O.B V 

High-level input voltage range, BLANKING, VIH Blanking circuit inactive 2.4 5 V 

Low-level input voltage range, BLANKING, VIL Blanking circuit active 0 O.B V 

High-level Input voltage range, OSD BLANKING, VIH OSD Blanking circuit inactive 2.4 5 V 

Low-level input voltage range, OSD BLANKING, VIL OSD Blanking circuit active 0 O.B V 

Operating free-air temperature, TA 0 70 °C 

electrical characteristics at 25°C free-air temperature range, CLAMP GATE = COLOR = 0 V; 
R,G,B CLAMP{+) = 2 V; BLANKING = OSD BLANKING = 4 V; CONTRAST = R, G, B GAIN 
ADJUST = 4 V; VCC1 = VCC2 = 12 V (unless otherwise noted) 

PARAMETER 

ICC Supply current 

Vref Video input reference voltage 

IlL CLAMP GATE low input current 

IIH CLAMP GATE high input current 

Clamp-capacitor charge current 

Clamp-capacitor discharge current 

VOL Low-level output voltage 

VOH High-level output voltage 

Video output blanked voltage 

High-level output voltage, OSD 

Output voltage difference 

Spot-killer voltage 

ALTERNATE 
TEST CONDITIONS 

SYMBOL 

VCCI +VCC2 

Measure R,G,B VIDEO_IN voltage 

CLAMP GATE - 0 V 

CLAMP GATE = 12 V 

IK(chg) R,G,B CLAMP CAP = 0 V 

IK(dschg) R,G,B CLAMP CAP = 5 V 

R,G,B CLAMP CAP = 0 V 

R,G,B CLAMP CAP = 5 V 

VO(BLANK) 
BLANKING - 0 V; 
R,G,B CLAMP(+) = 3 V 

VO(OSD BLANK) 
OSD BLANKING - 0 V, 

VO(PP)(OSD) = 4 V 

VODIFF Between any two channels 

VSPOT VCC adjusted to active 

~TEXAS 
INSTRUMENTS 
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MIN TYP MAX UNIT 

110 130 mA 

1.6 1.8 2.1 V 

-0.5 -8 !LA 

0.005 1 !LA 

850 !LA 
-850 !LA 

0.2 0.6 V 

6.7 7.6 V 

0.2 0.35 V 

0.8 V 

50 mV 

8.2 10.3 V 
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TLS1255 
VIDEO PREAMPLIFIER SYSTEM 
WITH ON-SCREEN DISPLAY (OS D) MIXER 
SLVS142-,DECEMBER 1996 

operating characteristics at 2SoC free-air temperature, CLAMP GATE = COLOR = 0 Vi R,G,B 
CLAMP(+) = 2 V, BLANKING = OSD BLANKING = 4 Vi CONTRAST = R,G,B GAIN ADJUST = 4 Vi 
VCC1 = VCC2 = 12 V (unless otherwise noted) 

PARAMETER 
ALTERNATE 

TEST CONDITIONS SYMBOL 

AV(max)(CONTRAST) 

tr(video) 

tf(video) 

tr(BLANK) 

tf(BLANK) 

tr(OSD_BLANK) 

tf(OSD_BLANK) 

tr(OSD_MIXER) 

tf(OSD_MIXER) 

tpd 

BW 

8-102 

CONTRAST = 4 V, 

COLOR=OV, 

Maximum voltage amplification AVMAX(cont) 
VI(PP) = 700 mV 

CONTRAST = 4 V, 

Rise time, video output 

Fall time, video output 

Rise time, blank output 

Fall time, blank output 

Rise time, OSD blank output 

Fall time, OSD blank output 

Rise time, OSD mixer 

Fall time, OSD mixer 

Propagation delay, 
video to OSD MIXER 

Bandwidth, amplifier 

COLOR=4V, 

VI(PP) = 700 mV 

Tr(video) VO(pp)=4V 

Tf(video) VO(pp)=4V 

BLANKING = 0 V, 

Tr(BLANK) Blanking output 

VI(PP)= 1 V 

BLANKING = 0 V, 

Tf(BLANK) Blanking output 

VO(PP)= 1 V 

Tr(OSD BLANK) 
OSD_BLANKING - 0 V; 
OSD ADJUST = 0 V 

Tf(OSD BLANK) 
OSD_BLANKING = 0 V; 
OSD_ADJUST = 0 V 

Tr(OSD MIXER) 
OSD_BLANKING = 0 V; 

VO(PP)(OSD) = 4 V 

Tf(OSD MIXER) 
OSD_BLANKING - 0 V; 

VO(PP)(OSD) = 4 V 

Trprop(OSD) 
OSD_BLANKING - 0 V; 

VO(PP)(OSD) = 4 V 

OSD_BLANKING = 0 V; 
Tfprop(OSD) 

VO(PP)(OSD) = 4 V 

bw(-3dB) VO(pp)=4V, 
CLAMP+=2V 
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MIN TYP MAX UNIT 

7.6 VN 

7.6 VN 

3.5 ns 

3.5 ns 

7 ns 

7 ns 

7 ns 

7 ns 

7 ns 

7 ns 

15 ns 

15 ns 

100 MHz 



TLS1255 
VIDEO PREAMPLIFIER SYSTEM 

WITH ON-SCREEN DISP~~~t~~R!M~J~;~ 

APPLICATION INFORMATION 

5 R_CLAMP _CAP 
O.lILF O.lILF 

G_ VIDEO_IN ----D1-..... T_-=-_----'6"-J G_VIDEO_IN 

7501 4:71LF 

7 GND 

8 G_CLAMP _CAP 
O.lILF O.lILF 

B_VIDEO_IN ----Dt--..... T_-=-__ 9; B_VIDEO_IN 

7501 4:71LF 

10 B_CLAMP _CAP 
O.lILF 

T 
-=-

12V ........ ~--.... ---<.-11;VCC1 

T 
-=-

_---<_--+--'1=-12 CONTRAST 
O.lILF 

T 
_---<.-_-+....:.1.,3 COLOR 

O.lILF 

T 

14 CLAMP GATE 

T 
t Minimum pulse width = 300 ns 

OSD_ADJUST 

R_GAIN_ADJUST 

R_CLAMP(+) 

R_VIDEO_OUT 

G_GAIN_ADJUST 

VCC2 

G_VIDEO_OUT 

G_CLAMP(+) 

B_VIDEO_OUT 

B_GAIN_ADJUST 

GND 

BLANKING 

OSD BLANKING 

B_CLAMP(+) 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

Figure 1. Application and Test Circuit 
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O.lILF 

T 4V 
-=-

-=-

O.lILF 

T 
-=-

To Red 

3900 Cascade Driver 
4V 

-=-

12V 

-=- -=-
To Green 

3900 Cascade Driver 

-=-
To Blue 

3900 Cascade Driver 
4V 

-=-

-=-

LJ 

LJ 

O.lILF 

T 
-=-
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• 200-MHz Bandwidth 

• 250-kn Input Resistance 

• Selectable Nominal Amplification of 10, 
100, or 400 

• No Frequency Compensation Required 

• Designed to be Interchangeable With 
Fairchild uA733C and uA733M 

description 

The uA733 is a monolithic two-stage video 
amplifier with differential inputs and differential 
outputs. 

Internal series-shunt feedback provides wide 
bandwidth, low phase distortion, and excellent 
gain stability. Emitter-follower outputs enable the 
device to drive capacitive loads, and all stages are 
current-source biased to obtain high common
mode and supply-voltage rejection ratios. 

Fixed differential amplification of 10 VIV, 100 VIV, 
or 400 VIV may be selected without external 
components, or amplification may be adjusted 
from 10 VIV to 400 VIV by the use of a 
single external resistor connected between 1 A 
and 1 B. No external frequency-compensating 
components are required for any gain option. 

The device is particularly useful in magnetic-tape 
or disc-file systems using phase or NRZ encoding 
and in high-speed thin-film or plated-wire 
memories. Other applications include general
purpose video and pulse amplifiers where wide 
bandwidth, low phase shift, and excellent gain 
stability are required. 

J.lA733C, J.lA733M 
DIFFERENTIAL VIDEO AMPLIFIERS 

uA733C •.• D OR N PACKAGE 
uA733M ... J PACKAGE 

(TOP VIEW) 

IN+ IN-
NC NC 

GAIN ADJ 2A GAIN ADJ 29 
GAIN ADJ 1A GAIN ADJ 19 

Vcc- Vcc+ 
NC NC 

OUT-

NC - No internal connection 

uA733M ... U PACKAGE 
(TOP VIEW) 

IN-IN+ 
GAIN ADJ 2A 
GAINADJ 1A 3 

9 GAIN ADJ 29 
GAIN ADJ 19 

symbol 

Vcc
OUT+ 

Vcc+ 
OUT-

GAIN ADJ 1A------, 

GAIN ADJ 2A -----, 

IN+ 

IN-

GAIN ADJ 18-----' 

GAIN ADJ 28 ------' 

OUT+ 

OUT-

The uA733C is characterized for operation from O°C to 70°C; the uA733M is characterized for operation over 
the full military temperature range of - 55°C to 125°C. 

PRODUCTION DATA Information Is current as of publication date. 
Products confonn to specHlcatlons per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testfng of all parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1993, Texas Instruments Incorporated 
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J.LA733C, ~A733M 
DIFFERENTIAL VIDEO AMPLIFIERS 

SLFS027A - NOVEMBER 1970 - REVISED MARCH 1993 

schematic 

r-------~------------_.~------_.~----._------._----~~--Vcc+ 

2.4 kO 2.4 kO 10kO 

IN+ 
__ -----+--- OUT+ 

OUT-

4000 

~------------------.---------~--------~~----~--- VCC-

Companent values shown are nomin.al. 

Component values shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
uA733C uA733M UNIT 

Supply voltage VCC+ (see Note 1) 8 8 V 

Supply voHage VCC _ (see Note 1) -8 -8 V 

Differential input voltage ±5 ±5 V 

Common·mode input voltage ±6 ±6 V 

Output current 10 10 rnA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range Ot070 -55t0125 °c 

Storage temperature range -65t0150 -65t0150 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I J or U package 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds J D or N package 260 °C 

t Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the recommended operating conditions section of 
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values, except differential input voltages, are with respect to the midpoint between VCC+ and VCC-. 

~TEXAS" ..... 
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DISSIPATION RATING TABLE 

PACKAGE 
TAS25°C DERATING DERATE 

POWER RATING FACTOR ABOVETA 

D SOOmW NlA NlA 
J (uA733M) SOOmW 11.0mW/oC 104°C 

N SOOmW N/A N/A 
U SOOmW S.4 mW/oC S7°C 

electrical characteristics, VCC± = ±6 V, TA = 25°C 

GAIN PARAMETER FIGURE TEST CONDITIONS 
OPTIONt 

Large-signal 1 

AVD 
differential 

1 VOD=1 V 2 
voltage 
amplification 3 

1 

BW Bandwidth 2 RS=SOQ 2 

3 

110 
Input offset 

Any 
current 

liB Input bias current Any 

Common-mode 

VICR input voltage 1 Any 
range 

VOC 
Common-mode 

1 Any output voltage 

Output offset 1 
VOO 1 

voltage 2&3 

Maximum peak-

VOPP to-peak output 1 Any 
voltage swing 

1 

q I nput resistance 3 VODSI V 2 

3 

ro Output resistance 

Ci Input capacitance 3 VODSI V 2 

VIC=±1 V, 
2 

Common-mode f S 100 kHz 
CMRR 

rejection ration 
4 

VIC=±1 V, 
2 

f=SMHz 

Supply voltage 

kSVR rejection ratio 1 ~VCC± = ± O.S V 2 
(~VCcI(~VIO) 

Broadband 
Vn equivalent input S BW=lkHztol0MHz Any 

noise voltage 

t The gain option is selected as follows: 

fJ,A733C, fJ,A733M 
DIFFERENTIAL VIDEO AMPLIFIERS 

SLFS027A - NOVEM8ER 1970 - REVISED MARCH 1993 

TA=70°C TA = 125°C 
POWER RATING POWER RATING 

SOOmW N/A 
SOOmW 2S9mW 
SOOmW N/A 
430mW 133mW 

uA733C uA733M 
UNIT 

MIN TYP MAX MIN TYP MAX 

2S0 400 500 300 400 SOO 

80 100 120 90 100 110 VIV 

8 10 12 9 10 11 

SO 50 

90 90 MHz 

200 200 

0.4 S 0.4 3 IlA 

9 30 9 20 JlA 

±1 ±1 V 

2.4 2.9 3.4 2.4 2.9 3.4 V 

0.5 I.S 0.5 I.S 
V 

0.3S I.S 0.3S 1 

3 4.7 3 4.7 V 

4 4 

10 24 20 24 kQ 

2S0 2S0 

20 20 Q 

2 2 pF 

SO 86 SO 86 

dB 

70 70 

50 70 SO 70 dB 

12 12 IlV 

Gain Option 1 ... Gain-adjust pin 1 A is connected to pin 1 B, and pins 2A and 2B are open. 
Gain Option 2 ... Gain-adjust pin 1 A and pin 1 B are open, pin 2A is connected to pin 2B. 
Gain Option 3 ... All four gain-adjust pins are open. 

'!I TEXAS 
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IlA733C, JlA733M 
DIFFERENTIAL VIDEO AMPLIFIERS 

SLFS027A - NOVEMBI;:R 1970 - REVISED MARCH 1993 

electrical characteristics, VCC± = ±6 V, TA = 25°C (continued) 

GAIN uA733C uA733M 
PARAMETER FIGURE TEST CONDITIONS 

OPTIONt 
UNIT 

MIN TYP MAX MIN TYP MAX 

1 7.5 7.5 

tpd 
Propagation 

2 RS=50Q, 2 6.0 10 6.0 10 ns 
delay time Ourput voltage step = 1 V 

3 3.6 3.6 

1 10.5 10.5 

tr Rise time 2 RS=50Q, 2 4.5 12 4.5 10 ns 
Ourput voltage step = 1 V 

3 2.5 2.5 

ISink(max) 
Maximum output 

Any 2.5 3.6 2.5 3.6 mA sink current 

ICC Supply current No load, No signal Any 16 24 16 24 mA 

t The gain option is selected as follows: 
Gain Option 1 ... Gain-adjust pin lA is connected to pin 1 B, and pins 2A and 2B are open. 
Gain Option 2 ... Gain-adjust pin 1 A and pin 1 B are open, pin 2A is connected to pin 2B. 
Gain Option 3 ... All four gain-adjust pins are open. 

electrical characteristics, VCC± = ±6 V, TA = O°C to 70°C for uA733C, - 55°C to 125°C for uA733M 

GAIN 
PARAMETER FIGURE TEST CONDITIONS 

OPTIONt 

1 

AVO 
Large-signal differential 

1 VOO= 1 V 2 
voltage amplification 

3 

110 Input offset current Any 

liB Input bias current Any 

VICR 
Common-mode input 

1 Any 
voltage range 

1 
VOO Output offset voltage 1 

2&3 

VOpp 
Maximum peak-to-peak 

1 Any 
output voltage swing 

fj Input resistance 3 VOO:>:l V 2 

CMRR 
Common-mode rejection 

4 VIC=+l V, f:>: 100 kHz 2 ratio 

kSVR 
Supply voltage rejection 

1 aVCC± = ±0.5 V 2 
ratio (aVcc/(aVIO) 

ISink(max) 
Maximum output sink 

Any 
current 

ICC Supply current No load, No signal Any 

t The gain option IS selected as follows: 
Gain Option 1 ... Gain-adjust pin 1 A is connected to pin 1 B, and pins 2A and 2B are open. 
Gain Option 2 ... Gain-adjust pin lA and pin 1 B are open, pin 2A is connected to pin 28. 
Gain Option 3 ... All four gain-adjust pins are open. 
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uA733C uA733M 
UNIT 

MIN MAX MIN MAX 

250 600 200 600 

80 120 80 120 VIV 

8 12 8 12 

6 5 ItA 
40 40 ItA 

±1 ±1 V 

1.5 1.5 
V 

1.5 1.2 

2.8 2.5 V 

8 8 kO 

50 50 dB 

50 50 dB 

2.5 2.2 mA 

27 27 mA 



J,LA733C, J,LA733M 
DIFFERENTIAL VIDEO AMPLIFIERS 

SLFS027A - NOVEMBER 1970 - REVISED MARCH 1993 

PARAMETER MEASUREMENT INFORMATION 

test circuits 

son son 

Figure 1 

Figure 3 

Figure 5 

2kn 

son son 1 kn 
Radj .----' 

2A lA 

VOLTAGE AMPLIFICATION ADJUSTMENT 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Figure 6 

1 kn 
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IlA733C, IlA733M 
DIFFERENTIAL VIDEO AMPLIFIERS 

SLFS027A NOVEMBER 1970 REVISED MARCH 1993 

TYPICAL CHARACTERISTICS 

5 

o 

I 
2' -5 
Q 

I 
!t: 
.c 
': -10 
:I .c 
II. 

-15 

f'.. 
" r-..... 

PHASE SHIFT 
vs 

FREQUENCY 

I I I 

~;~~5~~6V _ 

"'- GAIN 
.......... 

1'.. 
........... 

"" '" 
-20 L--L---1_L......L---.JL--...l..---J.._l:-~---.J 

o 2 3 4 5 6 7 8 9 10 

f - Frequency - MHz 

Figure 7 

VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) 

vs 
TEMPERATURE 

~ 1.2 "'---'--"'--'---'--""--T""-r--, 
~ 
II Vcc± =±6V 

~ 

0.8 L---l_....L_...L._..L-_I....----L_-'----:" 
-75 -50 -25 0 25 50 75 100 125 

TA - Free-Air Temperature - °c 

Figure 9 

50 

o 
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~ -100 

E -150 
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= -200 
.c 
II) 

j 
II. 

-250 

-300 

-350 

-400 

-45 0 

> 
': 1.4 
II ., 
9 
'iii 1.2 

!! 
;!! 

4 

PHASE SHIFT 
vs 

FREQUENCY 

--r.... 
GAN2 

J"I 

Vcc± =±6V 
TA=25°C 

1\ 

1\ 
\ 
\ 

10 40 100 

f - Frequency - MHz 

Figure 8 

VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) 

vs 
SUPPLY VOLTAGE 

TA=25°C 

V 
./ 

V 

S 1.0 
!! 

J ~ -~ ....-
/ --:: -::::: 

V 

IS 0.8 

~ ~I/ / 
V 

:e 
is. J71 
~ 0.6 

J /GAINl 

~ 0.4 
3 

I 
4 5 6 7 

1VCC±1 - Supply Voltage - V 

Figure 10 

~TEXAS . 
INSTRUMENTS 
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JlA733C, JlA733M 
DIFFERENTIAL VIDEO AMPLIFIERS 

SLFS027A NOVEMBER 1970 REVISED MARCH 1993 

TYPICAL CHARACTERISTICS 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

RESISTANCE BETWEEN G1A AND G1B 

Vcc+ =+6V 
VOO=l V 
TA=25°C 
See Figure 6 

.......... ...... 

...... 

'" ............. 
40 100 400 1 k 4 k 10 k 

Radj _ Resistance Between G1A and G1B - Q 

Figure 11 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

T-
+-- uA733( ---+i 

-...... 

III 
'tI 
I 
c 

.S! 
5 :e 
a. 
~ 

50 

40 

III 30 

I 
~ 
-g 

1 
'51 c 
iii 
I 

i 

00( 
E 
I 

C 
~ 
:::J 
0 
~ 
Q. 
Q. 
:::J 

1/1 
I 
0 
9 

20 

10 

o 

24 

20 

16 

12 

8 

SINGLE-ENDED VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 

-GA 
N 11 

I-GA N2 
~ 

\ 
\\ 
\ 

GA N3 -- " '\ 
VCC± =±6V 

- Tri
51111111 

1 4 10 40 100 

f - Frequency - MHz 

Figure 12 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

No Load I 
No Signal 
TA=25°C 

./ 
V 

./ 
V 

......-1 

./ 
./ 

./ 

,/ 

\ 

V 

400 

4 f-- VCC± = ±6 V 
No Load 4 

2 f-- No Signal 

o I I I 
-75 -50 -25 0 25 50 75 100 125 o 

3 
TA - Free-Air Temperature - °c 

Figure 13 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

4 5 6 7 8 

1VCC±1 - Supply Voltage - V 

Figure 14 
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J.1A733C, J.1A733M 
DIFFERENTIAL VIDEO AMPLIFIERS 

SlFS027A- NOVEMBER 1970 - REVISED MARCH 1993 

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
va 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
va 

8-112 

LOAD RESISTANCE 

Vcc± =±6V 
f- TA= 25°C 

6 

5 

4 

3 

2 

o 

J 
II 

1/ 
J 

V 

40 100 400 1 k 4k 10k 
RL - Load Resistance - n 

Figure 15 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
va 

FREQUENCY 

Vcc± =±6V 
TA=25OC 

\ 
\ 

o 

40 

35 

!Oi 30 
I j 25 

: 20 
a: 
'$ 
~ 15 
I 
;:' 10 

5 

o 

SUPPLY VOLTAGE 

TA = 25°C 

./ 
/" 

3 4 

V 
.".. 
V ..... 

./ V 

5 6 
1VCC±I-Supply Voltage - V 

Figure 16 

INPUT RESISTANCE 
V$ 

FREE-AIR TEMPERATURE 

Vcc± =±6V 

V 
V ~ 

G IN2~ ", I 
./ I 

1-~ I+- uA733C-~ 

,/ 
V 

7 8 

I 

V 

2 4 7 10 20 40 70 100 200 400 
-~-4O-~ 0 ~ 40 ~ 00 1001~14O 

f - Frequency - MHz 

Figure 17 

~TEXAS 
INSTRUMENTS 
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TA - Free-Air Temperature - °c 

Figure i8 
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ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 

Factory orders for circuits described in this data book should include a four-part type number as shown in the following 
example. ' 

Example: TLE 

Prefix ---------------------' 

MUST CONTAIN TWO OR THREE LETTERS 

TL, TLE ........................... TI Linear Products 
TLC ............ TI Linear Silicon-Gate CMOS Products 

STANDARD SECOND-SOURCE PREFIXES 

AD ................................. Analog Devices 
LF, LM, or LP ............................... National 
LT ............................... Linear Technology 
MC ....................................... Motorola 
NE, SA, or SE ............................. Signetics 
OP ........................................... PMI 
RC, RM, or RV ............................ Raytheon 
uA ................................. Fairchild/National 

2022 

Unique Circuit Description Including Temperature Range -------' 

MUST CONTAIN TWO OR MORE CHARACTERS 
(from individual data sheets) 

Examples: 10 
592 

34070 
1451AC 

7757 2217-285 

PW 

Package-----------------------------' 

MUST CONTAIN ONE, TWO, OR THREE LETTERS 

D, DB, DBV, DW, DWP, FK, J, JG, N, NE, P, PW, U, W 
(from pin-connection diagrams on individual data sheet) 

LE 

Available Taped and Reeled or Left·Ended Taped and Reeled ---------------' 

R - Available Taped and Reeled 
LE - Available Only Left-Ended Taped and Reeled 

TEXAS ,If 
INSIRUMENlS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



ORDERING INSTRUCTIONS 
/ 

Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer 
(with possible additional costs), circuits will be shipped via the most practical carrier. 

Dual-In-Line (J, JG, N, NE, P) Shrink Small Outline (DB, DBV) 
- A-Channel Antistatic or - Tape and Reel 

Conductive Plastic Tubing Thin Shrink Small Outline (PW) 
-;rape and Reel 

Small Outline (0, OW, DWP) 
- Tape and Reel 

, - Antistatic or Conductive 
Plastic Tubing 

9-4 

Chip Carriers (FK) 
- Antistatic or Conductive 

Plastic Tubing 

Flat (U, W) 
- Milton Ross Carriers 

TEXAS ..II, 
INSlRUMEN1S 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



MECHANICAL DATA 

D (R-PDSO-G**) 

14 PIN SHOWN 

PLASTIC SMALL-OUTLINE PACKAGE 

rrl 0.050(1,27) I 

1 ,. 0.020(0,51) I ~I I 
""0.-=-01"-'4:-:('='0,""35=-) 'V 0.010 (0,25)@ 

14 8 

-~T 

---,- 0.244 (6,20) 
I 0.228 (5,80) 

0.157 (4,00) 
0.150 (3,81) 

r-----------~~ 

c. 7 

rttbiiUUiJiirl~ t 0.010 (O,2;J 
0.069 (1,75) MAX 0.004 (0,10) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

~ DIM 

A MAX 

A MIN 

C. Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15). 
D. Falls within JEDEC MS-012 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75255 

8 14 16 

0.197 0.344 0.394 
(5,00) (8,75) (10,00) 

0.189 0.337 0.386 
(4,80) (8,55) (9,80) 

4040047/ D 10/96 
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MECHAN.ICAL DATA 

DB (R-PDSO-G**) 

28 PIN SHOWN 

1r- ~:~:115~1 0,15 @I 

m 
5,60 8,20 
5,00 7,40 

~0"'T""I'T'T"T"T"'I"'T'T"I"T'"T"T"I"T ~ 

LA 14 

r ~ 
e.0 MAX 0,05::f 

~ DIM 
8 14 16 20 

A MAX 3,30 6,50 6,50 7,50 

A MIN 2,70 5,90 5,90 6,90· 

NOTES: A. All linear dime'lsions are in millimeters. 
B. This drawing is subject to change without notice. 

24 

8,50 

7,90 

C. Body dimensions do not include mold flash or protrusion not to exceed 0,15. 
D. Falls within JEDEC MO-150 

~TEXAS , .. 
INSTRUMENTS 

PLASTIC SMALL-OUTLINE PACKAGE 

28 30 38 

10,50 10,50 12,90 

9,90 9,90 12,30 

40400651 C 10/95 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



DBV (R-PDSO-G5) 

16nnd~ 
t30 005~ 

1,00 ' 

NOTES: A. All linear dimensions are in millimeters. 

O,25@1 

r 
3,00 
2,50 

B. This drawing is subject to change without notice. 
C. Body dimensions include mold flash or protrusion. 

~TEXAS 
INSTRUMENTS 

MECHANICAL DATA 

PLASTIC SMALL-OUTLINE PACKAGE 

4073253-418 11196 
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MECHANICA'L DATA 

DWP (R-PDSO-G20) PLASTIC SMALL-OUTLINE PACKAGE 

1 r-:. 0.020 (0,51) 1-$-1 0.010 (0 25) ® I 
0.014 (0,35) , 

11 

1----1 
I I 
I 

0.299 (7,59) 

0.293 (7,45) 
I I 
L ____ ..J ~ 

0.430 (10,92) 
0.411 (10,44) 

~--------------------------~ 
~~~~~-r~~~-n~~~ 

o 

10 

0.510 (12,95) ______ --+I 
0.500 (12,70) 

r~DDDDDDDDDU ____ L. 096 (2 43) MAX 0.004 (0,10) J 
• , 0.000 (0,00) 

NOT!=S: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

Thermal Pad 0.150 (3,81) x 0.170 (4,31) NOM 
(see Note C) 

0.050 (1,27) 
0.016 (0,40) 

40732261801196 

C. The thermal performance may be enhanced by bonding the thermal pad to an external thermal plane. This solderable pad is 
electrically and thermally connected to the backside of the die and leads 1, 10, 11 and 20. 

9-8 
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MECHANICAL DATA 

FK (S-CQCC-N**) 

28 TERMINAL SHOWN 

LEAD LESS CERAMIC CHIP CARRIER 

18 17 16 15 14 13 12 NO. OF 
TERMINALS 

** 

19 11 20 

20 
28 

21 9 
BSQ 

22 8 44 

ASQ [l23 

24 

25 

'-------------------< 
~~_r'_~_J~~~~-''_~ 

7 52 

6 
68 

5 

84 

26 27 28 2 3 4 

0.020 (0,51) -.I I+- . 
0.010(0,25) I U 

t 0.020(0,51) 
0.010 (0,25) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a metal lid. 
D. The terminals are gold plated. 
E. Falls within JEDEC MS-004 

~TEXAS 
INSTRUMENTS 

POST OFF;CE BOX 655303 • OALLAS, TEXAS 75265 

A B 

MIN MAX MIN MAX 

0.342 0.358 0.307 0.358 
(8,69) (9,09) (7,80) (9,09) 

0.442 0.458 0.406 0.458 
(11,23) (11,63) (10,31) (11,63) 

0.640 0.660 0.495 0.560 
(16,26) (16,76) (12,58) (14,22) 

0.739 0.761 0.495 0.560 
(18,78) (19,32) (12,58) (14,22) 

0.938 0.962 0.850 0.858 
(23,83) (24,43) (21,6) (21,8) 

1.141 1.165 1.047 1.063 
(28,99) (29,59) (26,6) (27,0) 

4040140/010196 
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MECHANICAL DATA 

J (R-GDIP-T**) 
14 PIN SHOWN 

CERAMIC DUAL-IN-LINE PACKAGE 

~ DIM 

A MAX 

A MIN 

B MAX 

B MIN 

C MAX 

C MIN 

0.020 (0,51) MIN 

1--r-f-r-,-,..,.--,--r-"T"""1--r-r-..,.,,......,..-! p~.~ 
- J, Seating Plane 

f 0.130 (3,30) MIN 

14 

0.310 
(7,87) 

0.290 
(7,37) 

0.785 
(19,94) 

0.755 
(19,18) 

0.280 
(7,11) 

0.245 
(6,22) 

JL ,ga" .. ; 
0.015 (0,38) 0.014 (0,36) JL 

0.008 (0,20) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a ceramic lid using glass frit. 

16 

0.310 
(7,87) 

0.290 
(7,37) 

0.785 
(19,94) 

0.755 
(19,18) 

0.300 
(7,62) 

0.245 
(6,22) 

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only. 

9-10 

E. Falls within MIL-STD·1835 GDIP1-TI4, GDIP1-TI6, GDIP1-T18, and GDIP1-T20 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

18 20 

0.310 0.310 
(7,87) (7,87) 

0.290 0.290 
(7,37) (7,37) 

0.910 0.975 
(23,10) (24,77) 

0.930 - (23,62) 

0.300 0.300 
(7,62) (7,62) 

0.245 0.245 
(6,22) (6,22) 

0°_15° 

40400831C 08/96 



MECHANICAL DATA 

JG (R-GDIP-T8) CERAMIC DUAL-IN-LiNE PACKAGE 

0.400 (10,20) 
0.355 (9,00) 

4 
0.065 (1,65) 
0.045 (1,14) 

f 
0.2S0 (7,11) 
0.245 (6,22) 

* 

0.310 (7,S7) 

1-==---==0=.0_2-=0=(0=,5_1-::) M=IN-I +-. 0.290 (7,37) 

1 0.200 (~,OS) MAX 

.4. Seating Plane 

t 0.130 (3,30) MIN 

JL ~ 0°_15° 

0.014 (0,36) 
O.OOS (0,20) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a ceramic lid using glass frit. 
D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only. 
E. Falls within MIL·STD·1835 GDIP1·T8 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAlLAS. TEXAS 75265 

4040107/C 08196 
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MECHANICAL DATA 

N (R-PDIP-T**) 

16 PIN SHOWN 

f 
0.260 (6,60) 
0.240 (6,10) 

1 --J ~ 0.070 (1~78) MAX 

0.035 (0,89) MAX 0.020 (0,51) MIN 

J L ~ 0.100(2,54) I 

~:~~! ~~:~:J rl ~:;:"'-1-:-0.-:-01:-:-0-::(O:-::,2=5):-@-;;:M"1 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

~ 

~ DIM 

A MAX 

A MIN 

Seating Plane 

14118 PIN ONLY 

C. Falls within JEDEC MS-001 (20 pin package is shorter then MS-001.) 

9-12 
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PLASTIC DUAL-IN-LINE PACKAGE 

14 16 18 20 

0.n5 0.n5 0.920 0.975 
(19,69) (19,69) (23.37) (24,77) 

0.745 0.745 0.850 0.940 
(18,92) (18,92) (21.59) (23,88) 

~ 'I 
0.310 (7,87) 
0.290 (7,37) 

1 

40400491C 08195 



NE (R-PDIP-r*) 
20 PIN SHOWN 

MECHANICAL DATA 

PLASTIC DUAL-IN-LINE PACKAGE 

-.j r- 0.070 (1.78) MAX 
20 I 11 

E::::::::IJ 
~ DIM 

16 20 

A 

B 

1 10 

C 

r 0.020 (0.51) MIN 

Seating Plane 

-.l 1.-1 0,100 (2.54) 1 

0.155 (3.94) 
0.125 (3.17) 

II 0.021 (0.533) 1-$-1 0'010 (0 25) ® 1 -.J ~ 0.015 (0.381) . • 

I" B . i+-=;51)MIN 

.j, Seating Plane ---;jr--0-.1-55 .... ('-3-.94) 

0.125 (3.17) 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

--- 0.914 (23,22) 

0.780 (19,80) 0.975 (24,77) 

--- 0.930 (23,62) 

--- 1.000 (25,40) 

0.240 (6,10) 0.260 (6,61) 

0.260 (6,60) 0.280 (7,11) 

0.310 (7.87) 
1+-----..1-- 0.290 (7.37) 

~i'200(5~08)MAX 

-.l /.--10.100(2.54) 1 "0.021 (0.533) 1-$-1 0:10(025) ®I JL -.J ~ 0.015 (0.381) .. • . 
0.010 (0.25) NOM 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. Falls within JEDEC MS-001 (16 pin only) 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

404oo541B 04195 
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MECHANICAL DATA 

P (R·PDIP· Ta) 

r .. l-
s
-----

5

-l.*I- 0.400 (10,60) 0.355 (9,02) 

o 

JL 4 

--r-f 
0.260 (6,60) 
0.240 (6,10) 

~ 

0.070 (1, 7S) MAX 

0.020(0,51) MIN R 
0.200 (5,08) MAX * Seating Plane 

--:fr--0.-12-5-z-(3, 1S) MIN 

PLASTIC DUAL·IN·LINE PACKAGE 

14-------.~ 0.310 (7,S7) 
0.290 (7,37) 

JLI.-...h 0.100(2,54) I f 
0.021 (0,53) 1-$-1 0010 (0 25) @ I 
0.015 (O,3S) ,. , , 

"JL ~ 0°_15° 

0.010 (0,25) NOM 

NOTES: A. All linear dimensions are in inches (millimeters). 

9-14 

B. This drawing is subjeCt to change without notice. 
C. Falls within JEDEC MS-001 

~TEXAS 
INSTRUMENTS 
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PW (R-PDSO-G**) 

14PINSHOWN 

1 r:- ~:~: 1-1-$--,-,-1 _0.:.....1_o ":=@<-.JI 

~nl 
4.50 6.60 
4.30 6.20 

MECHANICAL DATA 

PLASTIC SMALL-OUTLINE PACKAGE 

rbLiiiLiiiLUJi]~ 
~20 MAX 0.05 MIJ 

_,"._~ 0.......,'-----...... ~ 
1=10.10 ~ 

~ DIM 
8 14 16 20 

A MAX 3.10 5.10 5,10 6,60 

A MIN 2,90 4,90 4,90 6,40 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15. 
D. Falls within JEDEC MO-153 

~TEXAS 
INSTRUMENTS 
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24 28 

7,90 9,80 

7,70 9,60 

4040064/E 08196 
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MECHANICAL DATA 

U (S-GDFP-F10) CERAMIC DUAL FLATPACK 

I 0.250 (6,35) I 
0.246 (6,10) 

1 1 I • 

~I~--------------~!-f -rl: --------0.-0~--~,-15-)~-.r-~ 

i : : 0.004 (0,10) 
0.080 (2,03) 
0.050 (1,27) 1 1 

1 1 

0.045 (1,14) 
0.026 (0,66) 

__ 0.350 (8,89) 
... . 0.250 (6,35) 

1 1 
1 1 

;41 .. -_- 0.300 (7,62) .1 ---! '--- 0.350 (8,89) 1 
• I I - 0.250 (6,35) 

1 1 0.019 (0,48) 
1 10 1 -.f 0.015 (0,38) 

I f 
: 0.050 (1,27) I 

I 

I -.-l 
6 1 

J 
L 0.025 (0,64) 1 

0.005 (0,13) 

4040179/8 03195 

NOTES: A. All linear dimensions are in inches (millimeters). 

9-16 

B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a ceramic lid using glass frit. 
D. Index point is provided on cap for terminal identification only. 
E. Falls within MIL STD 1835 GDFP1-Fl0 and JEDEC MO-092AA 
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W (R-GDFP-F14) 

0.080 (2,03) 
0.045 (1,14) 

1 

1 

1 

1 

1 

j4-- 0.260 (6,60) 1 I 0.235 (5,97) 

I+-- 0.280(7,11) 

1 

1 

1 

1 

1 

1 

.1 

MECHANICAL DATA 

CERAMIC DUAL FLATPACK 

Base and Seating Plane 

0.007 (0,18J 
0.004 (0,10) 

0.045 (1,14) 
0.026 (0,66) 

0360 (914) 0360 (914) " '~ 0.255 (6,48) ~. , 

I~ 0.240 (6,10) 1 1 0.240 (6,10) 

0.39 
0.33 

0(9,91) 
5(8,51) 

1 1 

1 

1 

I 

I 

I 

I 

17 

'-' 
141 

1 

1 

I 

I 

I 

I 

8 1 
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NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. This package can be hermetically sealed with a ceramic lid using glass frit. 
D. Index point is provided on cap for terminal identification only. 
E. Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB 
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