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IMPORTANT NOTICE 

Texas Instruments (Til reserves the right to make changes to or to 
discontinue any semiconductor product or service identified in this 
publication without notice. TI advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, 
that the information being relied upon is current. 

TI warrants performance of its semiconductor products to current 
specifications 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. Unless mandated by government 
requirements, specific testing of all parameters of each device is not 
necessarily performed. 

TI assumes no liability for TI 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. 

Information contained in this data book supersedes all data for this 
technology published by TI in the United States of America before 
January 1989. 

Copyright © 1989. Texas Instruments Incorporated 



INTRODUCTION 

Texas Instruments offers an extensive line of industry-standard integrated circuits designed for applications to sense, 
amplify, and condition analog or digital signals. 

The technologies represented by the amplifiers, comparators, and many special functions in this book include 
traditional bipolar through BIDFET, BIFET, I MPACTm , LinCMOS'·, and Advanced LinCMOS'· processes. The 
IMPACr" oxide-isolated technology provides the linear families with improved speed and power characteristics. 
LinCMOS'· and Advanced LinCMOS'· technologies feature a step-function improvement in impedance, speed, power 
requirements, and threshold stability. 

This data book (Volume 1 of 3) provides information on the following types of products: 

• Operational Amplifiers 
• Video Amplifiers 
• Voltage Comparators 
• Timers 
• Disk Drive Circuits for Control, Reading, or Writing 
• Hall-Effect Circuits 
• Current Mirrors 
• Sonar Functions 
• Sound Generators 

These products cover the dynamiC development of Linear circuits from the classical voltage converter to low-noise 
quad operational amplifiers. New surface-mount packages (8 to 28 leads) include both ceramic and plastiC chip­
carriers, and the small-outline (D) plastiC packages that optimize board density with minimum impact on power­
dissipation capability. Test eqUipment with handlers and automated assembly strengthen the production capabilities to 
provide an improved-cost-performance ratio. TI continues to enhance the quality and reliability of integrated circuits by 
improving materials, processes, test methods, and test equipment. In addition, specifications and programs are 
continuously updated. Quality and performance are monitored throughout all phases of manufacturing. 

The alphanumeric listing in this data book includes all devices in Volumes 1, 2, and 3. Products in this data book are 
shown in bold type. The alphanumeric index provides a method of quickly locating the correct device type in this data 
book. The selection guide includes a functional description of each device that provides key parameter information and 
packaging types. Ordering information and mechanical data are in the last section of the data. book. 

While this volume offers design and specification data for linear circuit components only, complete technical data for 
any TI semiconductor product is available from your nearest TI Field Sales Office, local authorized TI distributor, or by 
writing directly to: 

Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P. O. Box 809066 
DALLAS, TEXAS 75380-9066 

We Sincerely feel that the new 1989 Amplifiers and Comparators data book will be a significant addition to your library of 
technical literature from Texas Instruments. 

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

AD7524 I ••• ' ••••••• VOL2 LM339 ••••••••••••• 3-17 MF10A . ............ VOL2 
AD7528 ............ VOL 2 LM348 ••••••••••••• 2-39 MF10C ............. VOL211 AD7533 ........... . VOL2 LM358 ••••••••••••• 2-43 NE555 . ............ 4-37 
AD7628 ........... . VOL 2 LM385-2.5 . ......... VOL 3 NE5S6 ............. 4-49 
ADC0803 .......... . VOL 2 LM393 ••••••••••••• 3-21 NE592 ............. 4-53 
ADC0804 .......... . VOL 2 LM2900 •••••••••••• 2-55 NE5532 ............ 2-143 C 
ADC0805 .......... . VOL 2 LM2901 •••••••••••• 3·17 NE5534 ............ 2-181 0 
ADC0808 VOL 2 LM2902 •••••••••••• 2-33 OP07 •••••••••••••• 2-147 

.';:::: ........... ca 
ADC0808M .......... VOL 2 LM2903 •••••••••••• 3-21 OP07C ••••••••••••• 2-147 E ADC0809 ........... VOL 2 LM2904 •••••••••••• 2-43 OP07D ••••••••••••• 2-147 r.. 
ADC0820B .......... VOL 2 LM2907 •••••••••••• 4-21 OP07E ••••••••••••• 2-147 0 
ADC0820C " " " " " VOL 2 LM2917 •••••••••••• 4-21 OP27A ••••••••••••• 2-151 -C 
ADC0831A .......... VOL 2 LM2930-5 ........... VOL 3 OP27C ••••••••••••• 2-151 
ADC0831B .......... VOL 2 LM2930-8 ........... VOL 3 OP27E ••••••••••••• 2-151 a; 
ADC0832A .......... VOL 2 LM2931-5AQ ......... VOL 3 OP27G ••••••••••••• 2-151 r.. 
ADC0832B VOL 2 LM3302 •••••••••••• 3-25 OP37A ••••••••••••• 2-151 CD .......... C ADC0834A .......... VOL 2 LM3900 •••••••••••• 2-55 OP37C ••••••••••••• 2-151 CD 
ADC0834B ......... . VOL 2 LP111 • I ••••••••••• 3-29 OP37E ••••••••••••• 2-151 C!J 
ADC0838A ......... . VOL 2 LP211 ............. 3-29 OP37G ••••••••••••• 2-151 
ADC0838B ......... . VOL 2 LP239 ............ . 3-33 RC4136 ............ 2-173 
ICL7135 ............ VOL2 LP311 ............... 3-29 RC4558 • ••••••••• 1. 2-177 
LF198 ............ . 4-3 LP339 ............ . 3-33 RC4559 ............ 2-171 
LF347 ............. 2-3 LP2901 . ........... 3-33 RM4136 •••••••••••• 2-173 
LF351 ............ . 2-5 LT1001 ............ 2-63 RM4558 •••••••••••• 2-177 
LF353 ............ . 2-7 LT1004 ............. VOL 3 RV4136 ............ 2-173 
LF398 ............ . 4-3 LT1007 ............ 2-83 RV4558 ......... "" 2-177 
LF411C •••••••••••• 2-9 LT1008 ........... . 2-105 SA55S ............. 4-37 
LF412C •••••••••••• 2-11 LT1009 ............. VOL 3 SA556 I •••••••••••• 4-49 
LM101A •• I •••• I I •• 2-13 LT1011 ............ 3-37 SE555 . ............ 4-37 
LM107 •• I •••••••• I 2-17 LT1012 ........... . 2-123 SE555C ............ 4-37 
LM108 ........... . 2-21 LT1013 •••••••• I ••• 5-3 SE556 • ••• I •••••••• 4-49 
LM111 ••••••• I I ••• 3-3 LT1016 ••••• I •••••• 3-61 SE556C ............ 4-49 
LM124 ........... . 2-33 LT1028 I ••••••••••• 2-127 SE592 I. I "' I. I •• II. 4-53 
LM139 • I •••••••••• 3-17 LT1036M . .......... VOL 3 SE5534 I ••• I ••••••• 2-181 
LM148 ............ 2-39 LT1036C .......... . VOL3 SG2524 . ........... VOL 3 
LM158 •••••• I ••••• 2-43 LT1037 ............ 2-83 SG3524 . ........... VOL 3 
LM185-2.5 ..... , .... VOL 3 LT1054 ............. VOL3 SN28827 ........... 4-61 
LM193 ........... . 3-21 LT1070 ............. VOL 3 SN28828 ........... 4-67 
LM201A •••••••••• I 2-13 LT1084 ............. VOL3 SN76494/A ......... 4-73 
LM207 ........... . 2-17 LTC1044 . .......... VOL3 SN76496/A ••• I ••••• 4·73 
LM211 ........... . 3·3 LTC1052 ........... 5-5 TL0101 ••••••••••••• 4-81 
LM217 ............ . VOL 3 LTC7652 .......... . 5·5 TL010C ............ 4-81 
LM218 ........... . 2·51 MC1445 .......... . 4-27 TL011 •••••••• I •••• 4·85 
LM224 ........... . 2-33 MC1458 .......... . 2-133 TL012 ............. 4-85 
LM237 ............ . VOL 3 MC1558 .......... . 2-133 TL014A ............ 4-85 
LM239 .......... ... 3·17 MC3303 .......... . 2·137 TL021 ............. 4·85 
LM248 ........... . 2-39 MC3403 ........... 2-137 TL022M •••••••••••• 2-187 
LM258 ........... . 2-43 MC3423 . ........ ,' . VOL 3 TL022C ............ 2-187 
LM293 ........... . 3-21 MC3470 .......... . 4-29 TL026C ............ 4-91 
LM301A .......... . 2-13 MC34060 . .......... VOL 3 TL027C ............ 4·99 
LM307 ........... . 2-17 MC79L05 . .......... VOL3 TL031 ............. 2-191 
LM308 ........... . 2-21 MC79L05A . ......... VOL3 TL032 ............. 2-219 
LM311 ........... . 3-3 MC79L12 . .......... VOL 3 TL034 ............. 2-245 
LM317 ............. VOL 3 MC79L12A ......... . VOL3 TL040C . ........... 4-107 
LM318 ........... . 2-51 MC79L15 . .......... VOL 3 TL041C ............ 4-113 
LM324 ............ 2·33 MC79L15A . ......... VOL 3 TL044M ............ 2-269 
LM330-5 " " " " " " VOL 3 MF4A-50 .......... . VOL 2 TL044C ............ 2-269 
LM337 ............. VOL3 MF4A-100 ........... VOL 2 TL051 ............. 2-273 
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TL052 ............. 2-299 TL499A .. ,', ........ VOL 3 TL7712A ............ VOL 3 
TL054 ••••••••••••• 2-327 TLS00 ............. VOL 2 TL771SA ............ VOL 3 
TL060 ............. 2'357 TLS01 ............ . VOL 2 TL7770-S . .......... VOL 3 
TL061 ............. 2-357 TLS02 . ............ VOL 2 TL7770-12 ........... VOL 3 

Ci) 
TL062 ••••••••••••• 2-357 TLS03 ............. VOL 2 TL7770-1S ........... VOL 3 
TL064 ••••••••••••• 2-357 TLSOS ... , ......... VOL2 TL7780-S . .......... VOL 3 

(1) TL066M •••••••••••• 2-373 TLS07 VOL 2 TL7780-12 ........... VOL 3 ::::I .............. 
(1) TL0661 ............ 2-373 TL514M •••••••••••• 3-69 TL7780-1S ........... VOL 3 .. TL066C •••••••••••• 2-373 TL592 . ............ 4-143 TLC04 . ............ VOL 2 
!. TL070 ••••••••••••• ' 2-387 TL592B . ........... 4-147 TLC0820A., ......... VOL 2 

::::I 
TL071 ............. 2-387 TLS941 . ............ VOL3 TLC0820B ........... VOL 2 .... TL072 . ............ 2-387 TLS94C ........... . VOL 3 TLC10 . ............ VOL 2 

0 TL074 ............. 2-387 TLS9SC ........... . VOL3 TLC14 . ............ VOL 2 .. TL075 2-387 TLS98 VOL 3 TLC20 VOL 2 3 ............. ............ . . ............ 
TL080 ............ . 2-403 TL601 . ............ VOL2 TLC251C ........... 2-451 

Q) 
TL081 2-403 TL604 VOL 2 TLC252C 2-461 ... ............ . . ............ . .......... 

O· TL082 ............ . 2-403 TL607 . ............ VOL 2 TLC254C ........... 2-469 
::::I TL083 ............ . 2-403 TL610 . ............ VOL 2 TLC25L2C .......... 2-461 

TL084 ............. 2-403 TL712 ............ . 3-77 TLC25L4C . ......... 2-469 
TL085 ............ . 2-403 TL714C ............ 3-81 TLC25M2C •••••••••• 2-461 
TL087 ............ . 2-417 TL721 ............. 3-85 TLC25M4C •••••••••• 2-469 
TL088 a •••••••••• a. 2-417 TL7S0LOS . .......... VOL 3 TLC271 a .'a ••••••••• 2-479 
TL0808 ........... . VOL2 TL7S0L08 .......... . VOL 3 TLC272 • a a •• a •••••• 2-543 
TL0809 ........... . VOL 2 TL7S0L10 .......... . VOL 3 TLC274 •••• a ••••••• 2-575 
TL136C •••••••••••• 2-437 TL7S0L12 ........... VOL 3 TLC277 .., a. a a. a •• a 2-543 
TL170C •••••••••••• 4-121 TL7S0MOS ......... . VOL 3 TLC279 ............ 2-575 
TL172C ............ 4-123 TL7S0M08 ......... . VOL 3 TLC27L2 •• a •••••••• 2-607 
TL1731 • a •• a a •• a. a a 4-125 TL7S0M10 .......... VOL 3 TLC27L4 ••• a a •••••• 2-639 
TL173C •••••••••••• 4-125 TL7S0M12 ......... . VOL 3 TLC27L7 • •••• a .••• a • 2-607 
TL182 ............ . VOL2 TL7S1 LOS .......... . VOL 3 TLC27L9 •••••• a •• a • 2-639 
TL18S ............ . VOL2 TL7S1L08 ........... VOL 3 TLC27M2 ••••••••••• 2-671 
TL188 ............ . VOL2 TL7S1L10 ........... VOL 3 TLC27M4 ••••••••••• 2-703 
TL191 ............ . VOL2 TL7S1L12 ........... VOL3 TLC27M7 ••••••••••• 2-671 
TL287 •••• a a ••••••• 2-417 TL7S1MOS . ......... VOL 3 TLC27M9 ••••••••••• 2-703 
TL288 a •••••••••••• 2-417 TL7S1M08 . ......... VOL3 TLC339M ••••••••••• 3-89 
TL317M ........... . VOL 3 TL7S1M10 .......... VOL3 TLC3391 •••••••••••• 3-89 
TL317C ........... . VOL 3 TL7S1M12 ......... . VOL3 TLC339C ........... 3-89 
TL321 I ............ 2-441 TL780-0S . .......... VOL 3 TLC352M ••••••• , ••• 3-103 
TL321C •••••••••••• 2-441 TL780-12 . .......... VOL 3 TLC3521 •••••••••••• 3·103 
TL3221 ••••••••••• a 2-445 TL780-1S ........... VOL 3 TLC352C •• a •••••• a' 3-103 
TL322C ............ 2-445 TL783C ............ VOL3 TLC354M ........... 3-111 
TL331 I ........... . 3-65 TL851 ............. 4-151 TLC3541 •••••••••••• 3-111 
TL331C •••••••••••• 3-65 TL852 ............ . ~-155 TLC354C ........... 3·111 
TL4301 ............ . VOL3 TL853 • a ••••••••••• 4-161 TLC372M ••••••••••• 3-119 
TL430C ............ VOL3 TL14S1AC .......... VOL3 TLC3721 •••••••••••• 3-119 
TL431AI ........... . VOL3 TL3013C .......... . 4-165 TLC372C •••• a •••••• 3-119 
TL431AC .......... . VOL 3 TL3019C ........... 4-167 TLC374M ••••••••••• 3-127 
TL431M . ,., ........ VOL3 TL3020C ........... 4-169 TLC3741 •••••••••••• 3-127 
TL431 I ............ . VOL 3 TL31011 •••••••••••• 4-.171 TLC374C ........... 3-127 
TL431C ........... . VOL 3 TL3101C ........... 4-171 TLC393M ••••••••••• 3-135 
TL441AM .......... 4-129 TL31031 ••••••• ; •••• 4-173 TLC3931 •••••••••••• 3-135 
TL493 ............ . ··VOL3 TL3103C .......... . 4-173 TLC393C ........... 3-135 
TL494 ............ . VOL3 TLSS01 ............. VOL 2 TLCS32A ........... VOL 2 
TL49S ............ . VOL3 TLS601 ............. VOL 2 TLCS33A ........... VOL2 
TL496C ........... . VOL 3 TLs602 ............. VOL 2 TLCS40 ............ VOL 2 
TL497AM .......... . VOL 3 TL7702A ............ VOL3 TLCS41 ............ VOL 2 
TL497AI ........... . VOL 3 TL770SA ............ VOL 3 TLCS42 ............ VOL 2 
TL497AC .......... . VOL 3 TL7709A ............ VOL3 TLCS43 ............ VOL 2 
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TlC544 ........... . VOL 2 uA748C ............ 2·851 uA79M24C .......... VOl3 
TlC545 ........... . VOL 2 uA2240C ........... 4·221 UC1846 ............ VOl3 
TlC546 ........... . VOl2 uA7805 ........... . VOL 3 UC1847 ............ VOl3 
TlC548 ........... . VOl2 uA7806 ........... . VOl3 UC2842 ............ VOl3 
TlC549 ........... . VOl2 uA7808 ........... . VOl3 UC2843 ............ VOl3 

C TLC551C .......... . 4·179 uA781 0 ........... . VOl3 UC2844 ............ VOl3 0 TLC552C .......... . 4·187 uA7812 ........... . VOL 3 UC2845 ............ VOl3 '';:; 
TLC555M .......... 4·195 uA7815 ........... . VOl3 UC2846 . ........... VOl3 ca 
TLC5551 ........... 4·195 uA7818 ........... . VOl3 UC2847 . ........... VOl3 E 
TLC555C .......... . 4·195 uA7824 ........... . VOL 3 UC3842 ............ VOL3 ... 
TLC556M ......... . 4·203 uA7885 ........... . VOL 3 UC3843 . ........... VOL3 0 .... 
TLC5561 ........... 4·203 uA78L02AC .......... VOl3 UC3844 . ......... , . VOL 3 .E 
TLC556C .......... . 4·203 uA78l02C ......... . VOL 3 UC3845 . ........... VOL 3 
TLC1078 ........... 2·735 uA78l05AC .......... VOL 3 UC3846 ............ VOL 3 "i 
TLC1079 2·749 uA78l05C VOl3 UC3847 VOL 3 ... ........... ......... . . ........... G) 
TlC1225A .......... VOl2 uA78L06AC .......... VOl3 C 
TlC1225B ......... . VOl2 uA78L06C .......... VOL 3 G) 

TlC1540 ........... VOL 2 uA78L08AC .......... VOL 3 C!I 
TlC1541 .......... . VOl2 uA78l08C .......... VOl3 
TLC2201 ........... 2·763 uA78L09AC .......... VOl3 
TLC2652 ........... 2·789 uA78l09C .......... VOL3 
TLC2654 ........... 2·811 uA78l10AC .......... VOl3 
TLC3702M ......... 3·151 uA78l10C . ......... VOL 3 
TLC37021 .......... 3·151 uA78L12AC .......... VOL 3 
TLC3702C ........ .. 3·151 uA78L12C . ......... VOL 3 
TLC3704M ......... 3·157 uA78L15AC .......... VOL 3 
TLC37041 .......... 3·157 uA78L15C . ......... VOL 3 
TLC3704C ........ .. 3·157 uA78M05M .......... VOL 3 
TlC4016 .......... . VOL 2 uA78M05C .......... VOL 3 
TlC4066 .......... . VOL 2 uA78M06 ........... VOL 3 
TlC5502 .......... . VOl2 uA78M08 ........... VOl3 
TLC5602 .......... . VOl2 uA78M09 ........... VOL3 
TLC7135 .......... . VOl2 uA78M10 ........... VOL3 
TLC7524 .......... . VOl2 uA78M12M .......... VOl3 
TlC7528 .......... . VOL 2 uA78M12C .......... VOL3 
TlC7533 .......... . VOL 2 uA78M15M .......... VOL3 
TLC77011 .......... . VOL3 uA78M15C .......... VOL3 
TlC77051 .......... . VOl3 uA78M20 ........... VOl3 
TlC7721I .......... . VOl3 uA78M24 ........... VOL 3 
TLC77251 .......... . VOL3 uA7905 ............ VOL 3 
TLC32040 ......... . VOl2 uA7906 ............ VOL 3 
TlC32041 ......... . VOl2 uA7908 ............ VOL 3 
TlC32042 ......... . VOl2 uA7912 ............ VOl3 
TlC32044 ......... . VOL 2 uA7915 ............ VOL 3 
TLC32045 ......... . VOL2 uA7918 ............ VOL3 
TLE2021 ........... 5·9 uA7924 . ........... VOL 3 
TLE2022 ........... 5·9 uA7952 . ........... VOL 3 
TLE2024 ........... 5·9 uA79M05M . ......... VOL 3 
uA709M ........... 2·833 uA79M05C . ......... VOL3 
uA709C ........... . 2·833 uA79M06M .......... VOL3 
uA723M ........... . VOL 3 uA79M06C .......... VOl3 
uA723C ........... . VOl3 uA79M08M .......... VOL3 
uA733M ........... 4·213 uA79M08C . ......... VOl3 
uA733C ........... . 4·213 uA79M012M ......... VOL 3 
uA741M ........... 2·837 uA79M012C . ........ VOl3 
uA741C ........... . 2·837 uA79M015M ......... VOl3 
uA747M ........... 2·845 uA79M015C . ........ VOL3 
uA747C ........... . 2·845 uA79M20C .......... VOl3 

TEXAS ." 
INSTRUMENTS 1-5 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 
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noncompensated, single 

military temperature range 

DESCRIPTION 

High Performance, Bipolar 

High Performance, Low Bias Current, 

Bipolar 

High Performance, Low Bias Current, 

Bipolar 

BIFET, Low Power 

BIFET, General Purpose 

General Purpose,Precision Input, Bipolar 

General Purpose, Bipolar 

General Purpose, Bipolar 

industrial temperature range 

DESCRIPTION 

High Performance, Bipolar 

BIFET, Low Power 

BIFET, Low Noise 

BIFET, Low Power 

commercial temperature range 

DESCRIPTION 

High Performance 

High Performance 

High Performance 

BIFET, Low Power 

BIFET, Low Power 

BIFET, Low Power 

BIFET, Low Noise 

BIFET, Low Noise 
BIFET, General Purpose 

BIFET, General Purpose 

General Purpose, Bipolar 

General Purpose, Bipolar 

SUPPLY 

VOLTAGE VIO liB AVD B, 
(mVI (nAI (V/mVI (MHzl 

(VI 

MIN MAX MAX MAX MIN TYP 

±5 ±22 2 75 50 1 

±2 ±20 2 2 SO 1 

±2 ±20 0.5 2 80 1 

±3.S ±18 6 0.2 4 1 

±3.5 ±IB 6 0.2 25 3 

±9 ±IB 2 200 
Typ 

45 
1 

±9 ±IB 5 500 
Typ 

1 
45 

±2 ±22 5 500 SO 1 

SUPPLY 

VOLTAGE 
V,O liB AVD Bl 
(mVI (nAI (V/mVI (MHzl 

(VI 

MIN MAX MAX MAX MIN TYP 

±5 ±22 2 75 50 1 

±3.S ±IB 6 0.2 4 1 

±3.S ±IB 6 200 SO 3 

±3.S ±IB 6 400 25 3 

SUPPLY 
liB VOLTAGE VIO AVO B, 

(mVI (nAI IV/mVI (MHzl 
(VI 

MIN MAX MAX MAX MIN TYP 

±5 ±IB 7.S 250 15 1 

±2 ±18 7.5 2 25 1 
±2 ±IB 0.5 2 BO 1 

±3.5 ±18 6 0.2 4 1 

±3.5 ±18 3 0.2 4 1 

±3.5 ±18 15 0.4 3 1 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 10 0.2 25 3 
±3.5 ±18 6 0.2 50 3 
±3.5 ±18 15 0.4 25 3 

±9 ±18 7.5 1500 15 1 

±2 ±18 6 500 20 1 

TEXAS ." 
INSTRUMENlS 

POST OFFICE BOX 656012 • DAllAS, TEXAS 75265 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

(Values specified for T A - 25°C) 

SR 

(V/~sl TYPE PACKAGES 
PAGE 

NO. 

TYP 

0.5 LM101A FK,JG,U,W 2-13 

0.3 LM10B L 2-21 

0.3 LM108A L 2-21 

3.5 TL060M JG 2-357 

13 TLOBOM JG 2-403 

0.3 uA709AM J,JG,U,W 2-B33 

0.3 uA709M J,JG,U,W 2-B33 

0.5 uA74BM JG,U 2-851 

(Values specified for TA - 25°C) 

SR 

IV/p.sl TYPE 
PAGE 

PACKAGES 
NO. 

TYP 

0.5 LM201A D,JG,P 2-13 

3.5 TL0601 D,JG,P 2-357 

13 TL0701 D,JG,P 2-387 

13 TLOBOI D,JG,P 2-403 

(Values specified for T A - 25°C) 

SR 

(V/psl TYPE PACKAGES 
PAGE 

NO. 

TYP 

7.5 LM301A D,JG,P 2-13 

0.3 LM30B D,JG,P 2-21 

0.3 LM30BA D,JG,P 2-21 

3.5 TL060AC D,JG,P 2-357 

3.5 TL060BC D,JG,P 2-357 

3.5 TL060C D,JG,P 2-357 

13 TL070AC D,JG,P 2-387 

13 TL070C D,JG,P 2-387 

13 TL080AC D,JG,P 2-403 

13 TLOBOC D,JG,P 2-403 

0.3 uA709C D,JG,P 2-B33 

0.5 uA748C D,JG,P 2-851 

c o 
.~ 

CO 
E .. 
o -.5 
10 .. 

CD 
C 
CD 

" 

1-7 



Ci) 
CD 
~ 
CD .. 
!!. -~ .... 
o .. 
3 
'" .... 
0' 
~ 

1-8 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

internally compensated. single 

military temperature range 

DESCRIPTION 

High Performance 

Precision 

Precision 

Low Noise, High Speed, Precision Input 

Low Noise, High Speed, Precision Input 

Ultra Precision 

Low Noise, High Performance 

Low Noise, High Performance 

Low Noise, High Speed, 
Noncompensated, AVL ;;" 5 

Low Noise, High Speed, 
Noncompensated, AVL ;;" 5 

Chopper-Stabilized 

Low Noise, High Speed 

Low Noise, High Speed 

Low Noise, High Speed 
Noncompensated, AVL ;;" 6 
Low Noise, High Speed, 
Noncompensated, AVL > 5 
Low Noise, High Performance 

Low Noise, High Performance 

BIFET, Low Power, Precision 

BIFET, Low-Power, Precision 

BIFET, Precision 

BIFET, Precision 

BIFET, Low Power 

BIFET, Adjustable, Low-Power 

BIFET, Low Noise 

BIFET, General Purpose 

BIFET, Low VIO 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

LinCMOS, Low Noise, Precision 

SUPPLY 

VOLTAGE 
VIO liB AVD Bl 
(mV) (nA) (V/mV) (MHz) 

(V) 

MIN MAX MAX MAX MIN TYP 

±5 ±20 2 75 50 1 

±5 ±22 0.015 2 450 0.8 

±5 ±22 0.06 4 400 0.8 

±2.5 ±22 0.025 35 7000 8 

±2.5 ±22 0.060 55 5000 8 

±2.5 ±20 0.035 0.1 300 0.8 

±4.5 ±16 0.12 150 300 25 

±4.5 ±20 0.18 300 200 25 

±2.5 ±22 0.025 35 7000 60 

±2.5 ±22 0.060 55 5000 60 

±1.9 ±8 0.005 0.03 1000 1.2 

±3.5 ±22 0.025 40 1000 8 

±3.5 ±22 0.1 80 700 8 

±4 ±22 0.025 40 1000 40 

±4 ±22 0.1 80 700 40 

±3 ±22 2 800 50 10 

±3 ±22 2 800 50 10 

±3.5 ±18 0.8 0.2 5 1.1 

±3.5 ±IB 1.5 0.2 5 1.1 

±3.5 ±IB O.B 0.2 50 3.1 

±3.5 ±IB 1.5 0.2 50 3.1 

±1.5 ±IB 6 0.2 4 1 

±1.2 ±IB 6 0.2 4 1 

±3.5 ±IB 6 0.2 35 3 

±3.5 ±IB 6 0.2 25 3 

±3.5 ±IB 3 0.4 50 3 

4 lB 10 
Typ 

0.007 
50 0.11 

4 18 10 
Typ 

0.007 
25 0.64 

4 18 10 
Typ 

10 2.2 
0.007 

4.6 16 0.2 
Typ 

0.001 
400 1.9 

TEXAS ." 
INSTRUMENlS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

(Values specified for T A - .25 oel 

SR 
PAGE 

(V/p,s) TYPE PACKAGES 
NO. 

TYP 

0.5 LM107 J,JG,U,W 2-17 

0.25 LT1001AM JG,L 2-63 

0.25 LT1001M JG,L 2-63 

2.5 LT1007AM JG,L 2-83 

2.5 LT1007M JG,P 2-83 

2 LT1012M L 2-123 

15 LT1028AM D,JG,L,P 2-127 

15 LT1028M D,JG,L,P 2-127 

15 LT1037AM JG,L 2-83 

15 LT1037M JG,L 2-83 

4 LTC1052M J,JG,L 5-5 

2.8 OP-27A JG,L 2-151 

2.8 OP-27C JG,L 2-151 

17 OP-37A JG,L 2-151 

17 OP-37C JG,L 2-151 

13 SE5534 FK,JG 2-181 

13 SE5534A FK,JG 2-181 

2.9 TL031AM FK,JG,L 2-191 

2.9 TL031M FK,JG,L 2-191 

20 TL051AM FK,JG,L 2-273 

20 TL051M FK,JG,L 2-273 

3.5 TL061M FK,JG,U 2-357 

3.5 TL066M FK,JG 2-373 

13 TL071M FK,JG 2-3B7 

13 TLOBIM FK,JG 2-403 

13 TLOBBM JG,U 2-417 

0.04 TLC271M FK,JG 2-479 

0.56 TLC271M FK,JG 2-479 

4.6 TLC271M FK,JG 2-479 

2.7 TLC2201AM D,FK,JG,L,P 2-763 



internally compensated, single 

military temperature range 

DESCRIPTION 

LinCMOS, Low Noise, Precision, 100% 

Noise Tested 

LinCMOS, Low Noise, Precision 

LinCMOS, Precision, Chopper Stablilized 

LinCMOS, Precision Chopper Stabilized 

LinCMOS, Low Noise, PreciSion, 

Chopper Stabilized 

LinCMOS, Low Noise, Precision, 

Chopper Stabilized 

Excalibur, High-Speed, Precision 

General Purpose 

SUPPlY 
VIO liB AVO B1 

VOLTAGE 
(mV) (nA) (V/mV) (MHz) 

(V) 

MIN MAX MAX MAX MIN TYP 

4.6 16 0.2 
Typ 

0.001 
400 1.9 

4.6 16 0.5 
Typ 

0.001 
400 1.9 

3.8 16 0.001 
Typ 

5600 1.9 
0.004 

3.8 16 0.003 
Typ 

0.004 
1000 1.9 

4.6 16 0.01 
Typ 

0.05 
5600 1.9 

4.6 16 0.02 
Typ 

0.05 
1000 2.2 

4 40 0.5 25 1000 2 

±2 ±22 5 500 50 1 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 6650f 2 • DALLAS. TEXAS 75265 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

(Values specified for T A - 25 0 el 

SR 
PAGE 

(V/~.) TYPE PACKAGES 
NO. 

TYP 

2.7 TLC2201BM D,FK,JG,L,P 2-763 

2.7 TLC2201M D,FK,JG,L,P 2-763 

2.8 TLC2652AM 
D,FK,J,JG, 

L,N,P 
2-789 

2.8 TLC2652M 
D,FK,J,JG, 

2-789 
L,N,P 

2 TLC2654AM 
D,FK,J,JG, 

2-811 
L,N,P 

2 TLC2654M 
D,FK,J,JG, 

2-811 
L,N,P 

O.g TLE2021M D,FK,JG,L,P 5-9 

0.5 uA741M FK,J,JG,U 2-837 

II 
c o 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

internally compensated. single 

automotive temperature range 

OESCRIPTION 

High Performance 

High Performance 
Chopper·Stabilized 
Chopper-Stabilized 
Low Noise, High Speed 
Low Noise, Hiah Saeed 
Low Noise, High Speed 
Noncompensated, AVL .. 5 
Low Noise, High Speed, 
Noncompenseted, AVL .. 5 
BIFET, Low Power, Precision 
BIFET, Low Power, Precision 
BIFET, Precision 
BIFET, Precision 
BIFET, Low Power 
BIFET, Adjustable, Low Power 
BIFET, Low Noise 
BIFET, General Purpose 
BIFET, Low Offset Voltage 
BIFET, Low Offset Voltage 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High 8ias 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

LlnCMOS, Low Noise Precision 

1-10 

SUPPLY 
VIO liB AVO B1 VOLTAGE 
ImVI InAI IV/mVI IMHzl 

IVI 
MIN MAX MAX MAX MIN TYP 

±5 ±22 2 76 50 1 

±5 ±20 ·4 260 50 15 
±1.9 ±8 0.006 0.03 1000 1.2 
±1.9 ±8 0.005 0.03 1000 1.2 
±3.5 ±22 0.025 40 1000 8 
±3.5 ±22 0.1 80 700 8 

±4 ±22 0.025 40 1000 40 

±4 ±22 0.1 80 700 40 

±3.5 ±18 0.8 0.2 5 1.1 
±3.5 ±18 1.5 0.2 5 1.1 
±3.6 ±18 0.8 0.2 50 3.1 
±3.6 ±18 1.5 0.2 50 3.1 
±3.5 ±18 6 0.2 4 1 
±1.2 ±lB 6 0.2 4 1 
±3.5 ±18 6 0.2 50 3 
±3.5 ±18 6 0.2 50 3 
±3.5 ±18 0.5 0.2 50 3 
±3.5 ±18 1 0.2 50 3 

4 18 5 
Typ 

50 0.11 
0.007 

4 18 5 
Typ 

25 0.64 
'0.007 

4 18 5 
Typ 

10 2.2 
0.007 

4 18 2 
Typ 

50 0.11 
0.007 

4 18 2 
Typ 

25 0.64 
0.007 

4 18 2 
Typ 

10 2.2 
0.007 

4 18 10 
Typ 

50 0.11 
0.007 

4 18 10 
Typ 

25 0.64 
0.007 

4 18 10 
Typ 

10 2.2 
0.007 

4.6 16 0.2 
Typ 

400 1.9 
10.001 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 866012 • DALLAS, TEXAS 76266 

(Values specified for T A - 25 0 el 

SR 
IV/,..I TYPE PACKAGES PAGE 

NO. 
TYP 

0.5 LM207 
D,J,JG, 

2·17 
N,P,W 

70 LM218 D,JG,P 2·51 
4 LTC1062C J,JG,L,N,P 5·5 
4 LTC7662C L 5-6 

2.8 OP-27E JG,L,P 2-161 
2.8 OP-27G JG,L,P 2-151 

17 OP-37E JG,L,P 2-151 

17 OP-37G .JG,P 2-151 

2.9 TL031 AI D,JG,L,P 2-191 
2.9 TL031 I D,JG,L,P 2-191 
20 TL051AI D,JG,L,P 2-273 
20 TL051 I D,JG,L,P 2-273 
3.5 TL061 I D,JG,P 2-367 
3.5 TL0661 D,JG,P 2-373 
13 TL071 I D,JG,P 2-387 
13 TL0811 D,JG,P 2-403 
13 TL0871 D,JG,P 2-417 
13 TL0881 D,JG,P 2-417 

0.04 TLC271AI D,JG,P 2-479 

0.56 TLC271AI D,JG,P 2-479 

4.6 TLC271AI D,JG,P 2-479 

0.04 TLC271BI D,JG,P 2-479 

0.56 TLC271BI D,JG,P 2-479 

4.6 TLC271BI D,JG,P 2-479 

0.04 TLC271 I D,JG,P 2-479 

0.66 TLC271 I D,JG,P 2-479 

4.6 TLC2711 D,JG,P 2-479 

2.7 TLC2201AI D,JG,L,P 2-763 



internally compensated, single 

automotive temperature range 

DESCRIPTION 

LinCMOS, Low Noise Precision, 100% 
Noise Tested 

LinCMOS, Low Noise Precision 

LinCMDS, Precision, Chopper Stabilized 

LinCMOS, Precision, Chopper Stabilized 

LinCMOS, Low Noise, PreciSion, 
Chopper Stabilized 
LinCMDS, Low Noise, Precision, 
Chopper Stabilized 
Excalibur, High-Speed, Precision 

SUPPLY 
VIO liB AVD B1 VOLTAGE 
ImVI InAI IV/mVI IMHzl 

IVI 
MIN MAX MAX MAX MIN TYP 

4.6 16 0.2 
Typ 

400 1.9 
0.001 

4.6 16 0.5 
Typ 

400 1.9 
0.001 

3.8 16 0.001 
Typ 

5600 1.9 
0.004 

3.8 16 0.003 
Typ 

1000 1.9 
0.004 

4.6 16 0.01 
Typ 

6600 1.9 
0.05 

4.6 16 0.02 
Typ 

1000 1.9 
0.06 

4 40 0.5 26 1000 2 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 866012 • DALLAS, TeXAS 76286 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

IValues specified 'for TA - 25 DC) 

SR 
IV/I'll TYPE PACKAGES PAGE 

NO. 
TYP 

2.7 TLC2201BI D,JG,L,P 2-763 

2.7 TLC22011 D,JG,L,P 2-763 

2.8 TLC2652AI D,J,JG,L,N,P 2-789 

2.8 TLC26521 D,J,JG,L,N,P 2-789 

2 TLC2654AI D,J,JG,L,N,P 2-811 

2 TLC26541 D,J,JG,L,N,P 2-811 

0.9 TLE2021 D,FK,JG,L,P 5-9 

c o 
',j: 
ca 
E .. o .... 
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ca .. 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

internally compensated. single 

..... ,"10' .... p_'"~ ~" .. (Values specified for T A - 25°C) 

VIO liB Alto Bl SR 
G') DESCRIPTION 

SUPPlY 
VOLTAGE 

(V) 
ImV) (nA) (V/mVI (MHz) (VI",,) 

CD 
::::I 
CD ... 
!!. 
S" .... 
o ... 
3 m 
P+ o· 
::::I 

MIN MAX MAX MAX MIN TYP TYP 
Chopper-Stabilized ±1.9 ± 8 0.005 0.03 
Chopper-Stabilized ±1.9 ± 8 0.005 0.03 
Low Noise, High Speed ±3.5 ±22 0.025 40 
Low Noise, High Speed ±3.5 ±22 0.1 80 
Low Noise, High Speed, Bipoler, 
Noncompensated, AVL '" 5 ±4 ±22 0.025 

Low Noise, High Speed, Bipolar, ±4 ±22 
Noncompensated, AVL '" 5 
BIFET, Low Power, Precision ± 3.5 ± 18 
BIFET, Low Power, Precision ±3.5 ± 18 
BIFET;Precision ±3.5 ±18 
BIFET, Precision ±3.5 ± 18 
BIFET, Low Power ±3.5 ±18 
BIFET, Adjustable, Low-Power ± 1.2 ± 18 
BIFET, Low Noise ±3.5 ±18 
81FET, General Purpose ± 3.5 ± 18 
BIFET, Low Offset Voltage ±3.5 ± 18 
BIFET, Low Offset Voltage ± 3.5 ± 18 
Single LM324, I SIS 3 30 
High Performance II-::D':'/S:-----+±-71-=.5+--'±""1"=5:--f 

LinCMOS, Programmable, Low Bias 4 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

Lin CMOS, Precision, Low Noise 

LinCMOS, Precision, Low Noise, 100% 
Noise Tested 

LinCMOS, Precision, Low Noise 

4 

4 

4 

4 

4 

4 

4 

4 

4.6 

4.6 

4.6 

18 

18 

18 

18 

18 

18 

18 

18 

lB 

16 

16 

16 

0.1 

0.8 
1.5 
0.8 
1.5 
6 
6 
6 
6 

0.5 

5 

5 

5 

5 

2 

2 

2 

10 

10 

10 

0.2 

0.2 

0.5 

40 

80 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

-150 

Typ 
0.007 

Typ 
0.007 

Typ 
0.007 
Typ 

0.007 
Typ 

0.007 
Typ 

0.007 
Typ 

0.007 
Typ 

0.007 
Typ 

0.007 
Typ 

0.001 
Typ 

0.001 
Typ 

0.001 

1000 1.2 4 
1000 1.2 4 
1000 8 2.8 
700 8 2.8 

1000 40 17 

700 40 17 

5 1.1 2.9 
5 1.1 2_9 

50 3.1 20 
50 3.1 20 
4 3.5 
4 3.5 
50 3 13 
50 3 13 
50 3 13 
50 3 13 

50 0.6 0.3 

50 0.11 0.04 

25 0.64 0.56 

10 2.2 4.6 

50 0.11 0.04 

25 0.64 0.56 

10 2.2 4.6 

50 0.11 0.04 

25 0.64 0.56 

10 2.2 4.6 

400 1.9 2.7 

400 1.9 2.7 

400 1.9 2.7 

TYPE PACKAGES PAGE 
NO. 

LTC1052C J,JG,L,N,P 5-5 
LTC7652C L 5-5 

OP-27E JG,L,P 2-151 
OP-27G JG,l,P 2-151 

OP-37E JG,L,P 2-151 

OP-37G JG,L,P 2-151 

TL031A1 D,JG,L,P 2-191 
TL031 I D,JG,L,P 2-191 

TL051AI D,JG,L,P 2-273 
TL051 I D,JG,L,P 2-273 
TL061 I D,JG,P 2-357 
TL0661 D,JG,P 2-373 
TL071 I D,JG,P 2-387 
TL081 I D,JG,P 2-403 
TL0871 D,JG,P 2-417 
TL0881 D,JG,P 2-417 

TL321 I JG,P 2-441 

TLC271AI D,JG,P 2-479 

TLC271AI D,JG,P 2-479 

TLC271AI D,JG,P 2-479 

TLC27181 D,JG,P 2-479 

TLC271BI D,JG,P 2-479 

TLC271BI D,JG,P 2-479 

TLC271 I D,JG,P 2-479 

TLC271I D,JG,P 2-479 

TLC2711 D,JG,P 2-479 

TLC2201AI D,JG,L,P 2-763 

TLC2201BI D,JG,L,P 2-763 

TLC22011 D,JG,L,P 2-763 

LinCMOS, Precision, Chopper Stabililzed 3.8 16 
Typ 

0.001 0.004 5600 1.9 2.8 TLC2652AI D,J,JG,L,N,P 2-789 

1-12 

LinCMOS, Precision, Chopper Stabilized 

LinCMOS, Low-Noise, Precision, 
Chopper Stabilized 
LinCMOS, Low-Noise. Precision, 
Chopper Stabilized 
Excalibur, High-Speed, Precision 

3.8 

4.6 

4.6 

4 

16 

16 

16 

40 

Typ 
0.003 0.004 1000 

0.D1 

0.02 

0.5 

Typ 5600 
0.05 
Typ 
0.05 
25 

1000 

1000 

TEXAS ." 
INSrRUMENlS 

1.9 

1.9 

1.9 

2 

POST OFFICE BOX 655012 • DALLAS. TEXAS 76265 

2.8 TLC26521 

2 TLC2654AI 

2 TLC26541 

0.9 TLE2021I 

D,J,JG, 
L,N,P 

D,J,JG, 
L,N,P 

D,J,JG, 
L,N,P 

D,FK,JG,L,P 

2-789 

2-811 

2-811 

5-9 



internally compensated. single 

commercial temperature range 

DESCRIPTION 

BIFET 

BIFET 

High Performance 

High Performance 

Precision 

Precision 

Low Noise, High Speed, Precision Input 

Low Noise, High Speed, Precision Input 

Ultra Precision 

Low Noise, High Performance 

Low Noise, High Performance 

Low Noise, High Speed, 

Noncompensated, AVL '" 5 

Low Noise, High Speed, 

Noncompensated, AVL '" 5 
Low Noise, High Performance 

Low Noise, High Performance 

Ultra-Low Offset Voltage 

Ultra-Low Offset Voltage 

Ultra-Low Offset Voltage 

SUPPLY 

VOLTAGE VIO liB AVO B, 
(mV) (nA) (V/mV) (MHz) 

(V) 

MIN MAX MAX MAX MIN TYP 

±3.5 ±18 10 0.2 25 3 

±3.5 ±18 2 0.2 25 3 

±2 ±18 7.5 250 25 1 

±5 ±20 10 250 25 15 

±5 ±22 0.025 2 450 0.8 

±5 ±22 0.06 4 400 0.8 

±2.5 ±22 0.025 35 7000 8 

±2.5 ±22 0.060 55 5000 8 

±2.5 ±20 0.05 0.15 200 -
±4.5 ±18 0.08 120 500 75 

±4.5 ±18 0.13 240 300 75 

±2.5 ±22 0.025 35 7000 60 

±2.5 ±22 0.060 55 5000 60 

±3 ±22 4 1500 25 10 

±3 ±22 4 1500 25 10 

±3 ±22 0.15 7 120 0.6 

±3 ±22 0.15 ;2 120 0.6 

±3 ±22 0.075 4 200 0.6 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

(Values specified for T A - 25 DC) II 
SR 

(V/~.) TYPE 

TYP 

13 LF351 

13 LF411C 

0.5 LM307 

70 LM318 

0.25 LT1001AC 

0.25 LT1001C 

1.7 LTlO07AC 

1.7 LT1007C 

0.2 LT1012C 

15 LTl028AC 

15 LT1028C 

15 LTl037AC 

15 LT1037C 

13 NE5534 

13 NE5534A 

0.3 OP-07C 

0.3 OP-07D 

0.3 OP-07E 

PACKAGES 

D,JG,P 

D,JG,P 

D,J,JG, 

N,P,W 

D,JG,P 

JG,L,P 

JG,L,P 

JG,P 

JG,P 

L,P 

D,JG,L,P 

D,JG,L,P 

JG,P 

JG,P 

D,JG,P 

D,JG,P 

D,JG,P 

D,JG,P 

D,JG,P 

PAGE 

NO. 

2-5 

2-9 

2-17 

2-51 

2-63 

2-63 

2-83 

2-83 

2-123 

2-127 

2-127 

2-83 

2-83 

2-181 

2-181 

2-147 

2-147 

2-147 

C 
o 

'+0 
CO 
E ... o .... c -
'ii ... 
Q) 
C 
Q) 

~ 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

internally compensated, single 

commercial temperature range 

DESCRIPTION 

BIFET. Low Power, Precision 

BIFEl, Low Power, Precision 

BIFEl, Precision 

BIFET, Precision 

BIFEl, Low Power 

BIFET, Low Power 

BIFET, Low Power 

BIFEl, Adjustable, Low-Power 

BIFEl, Adjustable, Low-Power 

BIFEl, Adjustable, Low-Power 

BIFEl, Low Noise 

BIFET, Low Noise 

BIFEl, Low Noise 

81FEl, General Purpose 

81FEl, General Purpose 

BIFEl, General Purpose 

BIFEl, Low VIO 

BIFEl, Low VIO 
Single LM324, High I SIS 

Performance I DIS 

Lin CMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium 8ias 

LinCMOS, Programmable, High Bias 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

LinCMOS, Programmable, Low Bias 

Lin CMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

1-14 

SUPPLY 
AVD 

VOLTAGE 
VIO liB Bl 
(mV) (nA) (V/mV) (MHz) 

(V) 

MIN MAX MAX MAX MIN TYP 

±3.5 ±18 0.8 0.2 5 1.1 

±3.5 ±18 1.5 0.2 5 1.1 

±3.5 ±18 O.B 0.2 50 3.1 

±3.5 ±18 1.5 0.2 50 3.1 

±3.5 ±IB 6 0.2 4 1 

±3.5 ±IB 3 0.2 4 1 

±3.5 ±18 15 0.2 3 1 

±1.2 ±18 6 0.2 4 1 

±1.2 ±18 3 0.2 4 1 

±1.2 ±18 15 0.4 3 1 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 3 0.2 50 3 

±3.5 ±18 10 0.2 25 3 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 3 0.2 50 3 

±3.5 ±18 15 0.4 25 3 

±3.5 ±18 0.5 0.2 50 3 

±3.5 ±18 1 0.2 50 3 

3 30 

1.5 15 
7 -250 25 0.6 

1.4 18 5 
Typ 

30 0.1 
0.001 

1.4 18 5 
Typ 

0.001 
20 0.7 

1.4 18 5 
Typ 

0.001 
10 2.3 

1.4 18 2 
Typ 

30 0.1 
0.001 

1.4 18 2 
Typ 

0.001 
20 0.7 

1.4 18 2 
Typ 

0.001 
10 2.3 

1.4 18 10 
Typ 

30 0.1 
0.001 

1.4 18 10 
Typ 

0.001 
20 0.7 

1.4 18 10 
Typ 

0.001 
10 2.3 

3 18 5 
Typ 

50 0.11 
0.007 

3 18 5 
Typ 

0.007 
25 0.64 

3 18 5 
Typ 

0.007 
10 2.2 

TEXAS .Jf 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

(Values specified for T A - 25 0 CI 

SR 
(VI",,) TYPE PACKAGES 

PAGE 

NO. 

TYP 
2.9 TL031AC D,FK,JG,L,P 2-191 

2.9 TL031C D,FK,JG,L,P 2-191 

20 TL051AC D,FK,JG,L,P 2-273 

20 TL051C D,FK,JG,L,P 2-273 

3.5 TL061AC D,JG,P 2-357 

3.5 TL061BC D,JG,P 2-357 

3.5 TL061C D,JG,P 2-357 

3.5 TL066AC D,JG,P 2-373 

3.5 TL066BC D,JG,P 2-373 

3.5 TL066C D,JG,P 2-373 

13 TL071AC D,JG,P 2-387 

13 TL071BC D,JG,P 2-387 

13 TL071C D,JG,P 2-387 

13 TL081AC D,JG,P 2-403 

13 TL081BC D,JG,P 2-403 

13 TL081C D,JG,P 2-403 

13 TL087C D,JG,L,P 2-417 

13 TL088C D,JG,L,P 2-417 

0.3 TL321C JG,P 2-441 

0.04 TLC251AC D,JG,P 2-451 

0.6 TLC251AC D,JG,P 2-451 

4.5 TLC251AC D,JG,P 2-451 

0.04 TLC2518C D,JG,P 2-451 

0.6 TLC251BC D,JG,P 2-451 

4.5 TLC251BC D,JG,P 2-451 

0.04 TLC251C D,JG,P 2-451 

0.6 TLC251C D,JG,P 2-451 

4.5 TLC251C D,JG,P 2-451 

0.04 TLC271AC D,JG,P 2-479 

0.56 TLC271AC D,JG,P 2-479 

4.6 TLC271AC D,JG,P 2-479 



internally compensated, single 

commercial temperature range 

DESCRIPTION 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

LinCMOS, Programmable, Low Bias 

LinCMOS, Programmable, Medium Bias 

LinCMOS, Programmable, High Bias 

LinCMOS, Precision, Low Noise 

LinCMOS, Precision, Low Noise, 100% 

Noise Tested 

LinCMOS, Precision, Low Noise 

LinCMOS, Precision, Chopper Stabilized 

LinCMOS, Precision, Chopper Stabilized 

LinCMOS, Low·Noise, Precision, 

Chopper Stabilized 

LinCMOS. Low-Noise, Precision. 

Chopper Stabilized 

Excalibur, High·Speed, Precision 

General Purpose 

SUPPLY 
liB 

VOLTAGE 
VIO AVO B, 
(mV) InA) (V/mV) (MHz) 

IV) 

MIN MAX MAX MAX MIN TYP 

3 18 2 
Typ 

0.007 
50 0.11 

3 18 2 
Typ 

0.007 
25 0.64 

3 18 2 
Typ 

0.007 
10 2.2 

3 18 10 
Typ 

0.007 
50 0.11 

3 18 10 
Typ 

0.007 
25 0.64 

3 18 10 
Typ 

0.007 
10 2.2 

4.6 16 0.2 
Typ 

0.001 
400 1.9 

4.6 16 0.2 
Typ 

400 1.9 
0.001 

4.6 16 0.5 
Typ 

0.001 
400 1.9 

3.8 16 0.001 
Typ 

0.004 
5600 1.9 

3.8 16 0.003 
Typ 

0.004 
1000 1.9 

4.6 16 0.01 
Typ 

5600 1.9 
0.05 

4.6 16 0.02 
Typ 

0.05 
1000 1.9 

4 40 0.5 25 1000 2 

±2 ±18 6 500 20 1 

TEXAS ." 
INSlRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

(Values specified for T A - 25 DC II 
SR 

(V/pS) TYPE 

TYP 

0.04 TLC271BC 

0.56 TLC271BC 

4.6 TLC271BC 

0.04 TLC271C 

0.56 TLC271C 

4.6 TLC271C 

2.7 TLC2201AC 

2.7 TLC2201BC 

2.7 TLC2201C 

2.8 TLC2652AC 

2.8 TLC2652C 

2 TLC2654AC 

2 TLC2654C 

0.9 TLE2021C 

0.5 uA741C 

PACKAGES 
PAGE 

NO. 

D,JG,P 2·479 

D,JG,P 2·479 

D,JG,P 2·479 

D,JG,P 2·479 

D,JG,P 2·479 

D,JG,P 2·479 

D,JG,L,P 2·763 

D,JG,L,P 2·763 

D,JG,L,P 2·763 

D,J,JG,L,N,P 2·789 

D,J,JG,L,N,P 2·789 

D,J,JG,L,N,P 2·811 

D,J,JG,L,N,P 2·811 

D,FK,JG,L,P 5·9 

D,JG,P 2·837 

c o 
"';:::; 
ca 
E ... 
o -c -
Cii ... 
Q) 
C 
Q) 

e" 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

internally compensated. dual 

military temperature range 

DESCRIPTION 

High Gain, Low Power. Bipolar 
I SIS 

I DIS 

General Purpose 

Precision 

Precision 

High Performance 
Low Power 

BIFET, Low Power, Precision 

BIFET, Low Power, Precision 

BIFET, Precision 

BIFET, Precision 

BIFET, Low Power 

BIFET, Low Noise 

BIFET, General Purpose 

BIFET, General Purpose 

BIFET, General Purpose 

BIFET, General Purpose 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Micro Power, Precision 

Excalibur, High Speed, Precision 

1-16 

SUPPLY 

VOLTAGE 
VIO lIB AVD B1 
(mVI (nAI (V/mVI (MHzl 

(VI 

MIN MAX MAX MAX MIN TYP 

3 30 

±1.5 ±15 
5 -150 50 0.6 

±2 ±22 5 500 50 1 

±5 ±22 0.15 20 1500 0.7 

±5 ±22 0.3 30 1200 0.7 

±4 ±22 5 500 50 3.5 

±2 ±22 5 100 1 0.5 

±3.5 ±lB O.B 0.2 5 1.1 

±3.5 ±lB 1.5 0.2 5 1.1 

±3.5 ±18 O.B 0.2 50 3 

±3.5 ±18 1.5 0.2 50 3 

±3.5 ±18 6 0.2 4 1 
±3.6 ±18 6 0.2 35 3 

±3.5 ±18 16 0.2 25 3 

±3.5 ±18 6 0.2 25 3 

±3.5 ±18 3 0.4 50 3 

±3.5 ±18 3 0.4 50 3 

4 18 10 
Typ 

0.005 
10 2.2 

4 18 0.5 
Typ 

0.005 
10 2.2 

4 18 10 
Typ 

0.005 
50 0.1 

4 18 0.5 
Typ 

0.005 
50 0.1 

4 18 10 
Typ 

0.005 
25 0.6 

4 18 0.5 
Typ 

0.005 
25 0.6 

4 18 0.6 
Typ 

0.007 
500 0.11 

4 40 0.5 25 1000 2 

TEXAS ." 
INSTRUMENTS 

POST OFFICE·BOX 655012 • DALLAS. TeXAS 75265 

(Values specified for T A - 25 0 el 

SR 

(VI"sl TYPE PACKAGES 
PAGE 

NO. 

TYP 

0.2 LM15B FK,JG.U 2-43 

0.5 MC155B FK,JG,U 2-133 

0.4 LT1013AM JG,L 5-3 

0.4 LT1013M JG,L 5-3 

1.7 RM455B JG 2-177 

0.5 TL022M U 2-1B7 

2.9 TL032AM FK,JG,L 2-219 

2.9 TL032M FK,JG,L 2-219 

16 TL052AM FK,JG,L 2-299 

16 TL052M FK,JG,L 2-299 

3.5 TL062M FK,JG,U 2-357 

13 TL072M FK,JG 2-387 

13 TL082M FK,JG 2-403 

13 TLOB3M FK,J 2-403 

13 TL287M JG,U 2-417 

13 TL288M JG,U 2-417 

5.3 TLC272M FK,JG 2-543 

5.3 TLC277M FK,JG 2-543 

0.05 TLC27L2M FK,JG 2-607 

0.05 TLC27L7M FK,JG 2-607 

0.6 TLC27M2M FK,JG 2-671 

0.6 TLC27M7M FK,JG 2-671 

0.5 TLC107BM FK,JG 2-735 

0.9 TLE2022M FK,JG,L 5-9 



internally compensated. dual 

automotive temperature range 

DESCRIPTION 

High Gain, Low Power, Bipolar 

High Gain, Low Power, Bipolar 

High Gain, Low Power, Bipolar 

High Performance 

BIFET, Low Power, Precision 

BIFET, Low Power, Precision 

BIFET, Precision 

BIFET, Precision 

BIFET, Low Power 

BIFET, Low Noise 

BIFET, General Purpose 

BIFET, General Purpose 

BIFET, General Purpose 

BIFET, General Purpose 

Low Power 

LinCMOS, High Bias 

Lin CMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Medium 8ias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Micro Power, Precision 

Excalibur, High Speed, Precision 

SIS 

DIS 

SIS 

DIS 

SIS 

DIS 

SUPPLY 

VOLTAGE 
VIO liB AVO Bl 
ImVI InAI IV/mVI IMHzl 

IVI 
MIN MAX MAX MAX MIN TYP 

3 30 

±1.5 ±1.5 
5 -150 50 0.6 

3 30 
±1.5 ±1.5 

3 -80 50 0.6 

3 26 
7 

± 1.5 ±13 
-250 

Typ 

100 
0.6 

±4 ±18 6 -500 20 3 

±3.5 ±18 0.8 0.2 5 1.1 

±3.5 ±18 1.5 0.2 5 1.1 

±3.5 ±18 0.8 0.2 50 3 
±3.5 ±18 1.5 0.2 50 3 

±3.5 ±18 6 0.2 4 1 
±3.5 ±18 6 0.2 50 3 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 0.5 0.2 50 3 

±3.5 ±18 1 0.2 50 3 

±1.5 ±18 8 -500 20 1 

4 18 5 
Typ 

0.005 
10 2.2 

4 18 2 
Typ 

0.005 
10 2.2 

4 18 10 
Typ 

0.005 
10 2.2 

4 18 0.5 
Typ 

10 2.2 
0.005 

4 18 5 
Typ 

0.005 
50 0.1 

4 18 2 
Typ 

0.005 
50 0.1 

4 18 10 
Typ 

0.005 
50 0.1 

4 18 0.5 
Typ 

0.005 
50 0.1 

4 18 5 
Typ 

0.005 
25 0.6 

4 18 2 
Typ 

0.005 
25 0.6 

4 18 10 
Typ 

0.005 
25 0.6 

4 18 0.5 
Typ 

0.005 
25 0.6 

4 18 0.6 
Typ 

0.007 
500 0.11 

4 40 0.5 25 1000 2 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 665012 • DALLAS. TEXAS 75265 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

(Values specified for T A - 25 0 CI II 
SR 

I: 
o 

PAGE 
IV/p,s1 TYPE PACKAGES 

NO. 
+:: 

C'IS 
TYP 

0.2 LM258 D,JG,P,U 2-43 E ... 
o 

0.2 LM258A D,JG,P,U 2-43 --= 
~ 
Q) 

0.2 LM2904 D,JG,P,U 2-43 

1.7 RV4558 D,JG,P 2-177 

I: 
Q) 

e" 

2.9 TL032AI D,JG,L,P 2-219 

2.9 TL0321 D,JG,L,P 2-219 

16 TL052AI D,JG,L,P 2-299 

16 TL0521 D,JG,L,P 2-299 

3.5 TL0621 D,JG,P 2-357 

13 TL0721 D,JG,P 2-387 

13 TL0821 D,JG,P 2-403 

13 TL0831 D,JG,P 2-403 

13 TL2871 D,JG,P 2-417 

13 TL2881 D,JG,P 2-417 

0.6 TL3221 D,JG,P 2-445 

5.3 TLC272AI D,JG,P 2-543 

5.3 TLC272BI D,JG,P 2-543 

5.3 TLC2721 D,JG,P 2-543 

5.3 TLC2771 D,JG,P 2-543 

0.05 TLC27L2AI D,JG,P 2-607 

0.05 TLC27L2BI D,JG,P 2-607 

0.05 TLC27L21 D,JG,P 2-607 

0.05 TLC27L71 D,JG,P 2-607 

0.6 TLC27M2AI D,JG,P 2-671 

0.6 TLC27M2BI D,JG,P 2-671 

0.6 TLC27M21 D,JG,P 2-671 

0.6 TLC27M71 D,JG,P 2-671 

0.05 TLC10781 D,JG,P 2-735 

0.9 TLE20221 D,JG,L,P 5-9 

1-17 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

internally compensated. dual 

Industrial temperature range 

DESCRIPTION 

BIFET, Low Power, Precision 

BIFET, Low Power, Precision 
8IFET, Precision 

BIFET, Precision 
BIFET, Low Power 

BIFET, Low Noise 
BIFET, General Purpose 

BIFET, General Purpose 
BIFET, General Purpose 

BIFET, General Purpose 
Low Power 

LinCMOS, High Bias· 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bia. 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS; Medium Bias 

LinCMOS, Micro Power, Precision 

Excalibur, High Speed, Precision 

1-18 

SUPPLY 
VIO liB AVD B1 

VOLTAGE 
(mVI (nAI (V/mVI (MHzl 

(V) 

MIN MAX MAX MAX MIN TYP 
±3.5 ±18 0.8 0.2 5 1.1 
±3.5 ±18 1.5 0.2 5 1.1 

±3.5 ±18 0.8 0.2 50 3 
±3.5 ±18 1.5 0.2 50 3 
±3.5 ±18 6 0.2 4 1 

±3.5 ±18 6 0.2 50 3 
±3.5 ±18 6 0.2 50 3 
±3.5 ±lB 6 0.2 50 3 
±3.5 ±lB 0.5 0.2 50 3 
±3.5 ±lB 1 0.2 50 3 
±1.5 ±lB 8 -500 20 1 

4 18 5 
Typ 

0.005 
10 2.2 

4 18 2 
Typ 

10 2.2 
0.005 

4 18 10 
Typ 

10 2.2 
0.005 

4 18 0.5 
Typ 

0.005 
10 2.2 

4 18 5 
Typ 

50 0.1 
0.005 

4 18 2 
Typ 

0.005 
50 0.1 

4 18 10 
Typ 

0.005 
50 0.1 

4 18 0.5 
Typ 

50 0.1 
0.005 

4 18 6 
Typ 

0.005 
25 0.6 

4 18 2 
Typ 

0.005 
25 0.6 

4 18 10 
Typ 

25 0.6 
0.005 

4 18 0.5 
Typ 

26 0.6 
0.005 

4 18 0.6 
Typ 

500 0.11 
0.007 

4 40 0.5 25 1000 2 

TEXAS ." 
INSTRUMENlS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

(Valuas spaclfied for T A - 25°C 

SR 
PAGE 

(VlpJI) TYPE PACKAGES 
NO. 

TYP 
2.9 TL032AI D.,JG,L,P 2-219 

2.9 TL0321 D,JG,L,P 2-219 

16 TL052AI D,JG,L,P 2-299 

16 TL0521 D,JG,L,P 2-299 
3.5 TL0621 D,JG,P 2-357 

13 TL0721 D,JG,P 2-387 
13 TL0821 D,JG,P 2-403 
13 TLOB31 D,JG,P 2-403 

13 TL2671 D,JG,P 2-417 

13 TL28BI D,JG,P 2-417 
0.6 TL3221 D,JG,P 2-445 

5.3 TLC272AI D,JG,P 2-543 

5.3 TLC272BI D,JG,P 2-543 

5.3 TLC2721 D,JG,P 2-543 

5.3 TLC2771 D,JG,P 2-543 

0.05 TLC27L2AI D,JG,P 2-607 

0.05 TLC27L2BI D,JG,P 2-607 

0.05 TLC27L21 D,JG,P 2-607 

0.05 TLC27L71 D,JG,P 2-607 

0.6 TLC27M2AI D,JG,P 2-671 

0.6 TLC27M2BI D,JG,P 2-671 

0.6 TLC27M21 D,JG,P 2-671 

0.6 TLC27M71 D,JG,P 2-671 

0.05 TLC10781 D,JG.P 2-735 

0.9 TLE20221 D,JG,L,P 5-9 



internally compensated. dual 

commercial temperature range 

DESCRIPTION 

BIFEl, General Purpose 

BIFET, Low Offset 

High Gain, Low Power, Bipolar 
SIS 

DIS 

High Gain, Low Power, Bipolar 
SIS 
DIS 

Precision 

Precision 

Precision 

General Purpose 

Low Noise 

Low Noise 

High Performance 

High Performance 

Low Power 

BIFET, Low Power, Precision 

BIFEl, Low Power, Precision 

BIFET, Precision 

BIFET, Precision 

BIFET, Low Power 

BIFET, Low Power 

BIFET, Low Power 

BIFET, Low Noise 

BIFET, Low Noise 

BIFEl, Low Noise 

BIFEl, General Purpose 

BIFET, General Purpose 

BIFET, General Purpose 

BIFEl, General Purpose 

SUPPLY 
VIO liB AvO Bl 

VOLTAGE 
(mV) (nA) (V/mV) (MHz) 

(V) 

MIN MAX MAX MAX MIN TYP 

±3.5 ±IB 10 0.2 25 3 
±3.5 ±18 3 0.2 25 3 

3 30 

± 1.5 ±15 
7 -250 25 0.6 

3 30 

±1.5 ±15 
3 -100 25 0.6 

±5 ±22 0.15 20 1500 0.7 

±5 ±22 0.3 30 1200 0.7 

±5 ±22 0.8 30 1200 0.7 

±1.5 ±18 6 500 20 1 

±3 ±20 4 800 25 10 

±3 ±20 4 800 25 10 

±4 ±18 6 500 20 3 

±4 ±18 6 250 20 4 

±2 ±18 5 250 1 0.5 

±3.5 ±18 0.8 0.2 5 1.1 

±3.5 ±18 1.5 0.2 5 1.1 

±3.5 ±18 1.5 0.2 50 3 

±3.5 ±18 4 0.2 50 3 

±3.5 ±18 6 0.2 4 1 

±3.5 ±18 3 0.2 4 1 

±3.5 ±18 15 0.4 3 1 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 3 0.2 50 3 

±3.5 ±18 10 0.2 25 3 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 3 0.2 50 3 

±3.5 ±18 15 0.4 25 3 

±3.5 ±18 6 0.2 50 3 

TEXAS ." 
INSTRUMENlS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75285 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

(Values specified for T A - 25 0 el 

SR 

(V/p.s) TYPE PACKAGES 
PAGE 

NO. 

TYP 

13 LF353 D,JG,P 2-7 

13 LF412C D,JG,P 2-11 

0.2 LM358 D,JG,P,U 2-43 

0.2 LM358A D,JG,P,U 2-43 

0.4 LT1013AC JG,L,P 5-3 

0.4 LT1013C JG,L,P 5-3 

0.4 LT1013D D,JG,L,P 5-3 

0.5 MC1458 D,JG,P,U 2-133 

9 NE5532 JG,P 2-143 

9 NE5532A JG,P 2-143 

1.7 RC4558 D,JG,P 2-177 

2 RC4559 D,P 2-171 

0.5 TL022C D,JG,P 2-187 

2.9 TL032AC D,JG,L,P 2-219 

2.9 TL032C D,JG,L,P 2-219 

16 TL052AC D,JG,L,P 2-299 

16 n052C D,JG,L,P 2-299 

3.5 TL062AC D,JG,P 2-357 

3.5 TL062BC D,JG,P 2-357 

3.5 n062C D,JG,P 2-357 

13 TL072AC D,JG,P 2-387 

13 TL072BC D,JG,P 2-387 

13 n072C D,JG,P 2-387 

13 TL082AC D,JG,P 2-403 

13 TL082BC D,JG,P 2-403 

13 TL082C D,JG,P 2-403 

13 TL083AC D,JG,N 2-403 

II 
c o 
'';: 
ca 
E ... 
o .... 
.5 
ca ... 
Q) 
C 
Q) 

e,:, 
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CD .. 
!. -::s -o .. 
3 
D) .... 
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OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

internally compensated. dual 

commercial temperature range 

DESCRIPTION 

BIFET, General Purpose 
BIFET, General Purpose 
BIFET, General Purpose 
Low Power 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low 8ias 

LinCMOS, Low Bias 

LinCMOS, Medium 8ias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Micro Power, Precision 

Excalibur, High Speed, Precision 
General Purpose 

1-20 

SUPPLY 
VIO lIB AVD Bl VOLTAGE (mV) (nA) (V/mV) (MHz) (V) 

MIN MAX MAX MAX MIN TYP 
±3.5 ±IB 15 0.4 25 3 
±3.5 ±18 0.5 0.2 50 3 
±3.5 ;1:18 1 0.2 50 3 
±1.5 ±18 10 -500 20 1 

1.4 18 5 
Typ 

10 2.2 
0.005 

1.4 18 2 
Typ 

10 2.2 
0.005 

1.4 18 10 
Typ 

10 2.2 
0.005 

1.4 18 5 
Typ 

0.005 
30 0.1 

1.4 18 2 
Typ 

30 0.1 
0.005 

1.4 18 10 
Typ 

30 0.1 
0.005 

1.4 18 5 
Typ 

20 0.6 
0.005 

1.4 18 2 
Typ 

20 0.6 
0.005 

1.4 18 10 
Typ 

0.005 
20 0.6 

3 18 5 
Typ 

0.005 
10 2.2 

3 18 2 
Typ 

10 2.2 
0.005 

3 18 10 
Typ 

10 2.2 
0.005 

3 18 0.6 
Typ 

0.005 
10 2.2 

3 18 5 
Typ 

50 0 . .1 
0.005 

3 18 2 
Typ 

50 0.1 
0.005 

3 18 10 
Typ 

0.005 
50 0.1 

3 18 0.6 
Typ 

50 0.1 
0.005 

3 18 5 
Typ 

0.005 
25 0.6 

3 18 2 
Typ 

0.005 
25 0.6 

3 18 10 
Typ 

25 0.6 
0.005 

3 18 0.5 
Typ 

0.005 
25 0.6 

1.4 18 0.6 
Typ 

500 0.11 
0.007 

4 40 0.5 25 1000 2 
±5 ±22 6 500 26 1 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TeXAS 75265 

(Values specified for T A - 25 0 el 

SR 
(V/~.) TYPE PACKAGES PAGE 

NO. 
TYP 
13 TLOB3C D,JG,N 2-403 
13 TL287C D,JG,P 2-417 
13 TL288C D,JG,P 2-417 
0.6 TL322C D,JG,P 2-445 

5.3 TLC252AC D,JG,P 2-461 

5.3 TLC252BC D,JG,P 2-461 

5.3 TLC252C D,JG,P 2-461 

0.05 TLC25L2AC D,JG,P 2-461 

0.05 TLC25L28C D,JG,P 2-461 

0.05 TLC25L2C D,JG,P 2-461 

0.6 TLC25M2AC D,JG,P 2-461 

0.6 TLC25M2BC D,JG,P 2-461 

0.6 TLC25M2C D,JG,P 2-461 

5.3 TLC272AC D,JG,P 2-543 

5.3 TLC272BC D,JG,P 2-543 

5.3 TLC272C D,JG,P 2-543 

5.3 TLC277C D,JG,P 2'543 

0.05 TLC27L2AC D,JG,P 2-607 

0.05 TLC27L2BC D,JG,P 2-607 

0.05 TLC27L2C D,JG,P 2-607 

0.05 TLC27L7C D,JG,P 2-607 

0.6 TLC27M2AC D,JG,P 2-671 

0.6 TLC27M2BC D,JG,P 2-671 

0.6 TLC27M2C D,JG,P 2-671 

0.6 TLC27M7C D,JG,P 2-671 

0.05 TLC1078C D,JG,P 2-735 

0.9 TLE2022C D,JG,L,P 5-9 
0.5 uA747C D,J,N 2-845 



internally compensated. quad 

military temperature range 

DESCRIPTION 

General Purpose 

General Purpose 

QUAD uA741 , High Performance 

BIFET, Low Power, Precision 

BIFET, Low Power, Precision 

low Power 
BIFET, Precision 

BIFET, Precision 

BIFET, Low Power 

BIFET, Low Noise 

BIFET, General Purpose 

Lin CMOS, High Bias 

Lin CMOS, High Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Micro Power, Precision 

Excalibur, High Speed, Precision 

SUPPLY 

VOLTAGE VIO liB AVO Bl 
(mV) InA) (V/mV) (MHz) 

(V) 

MIN MAX MAX MAX MIN TYP 

3 30 5 -150 50 0.6 

±4 ±22 5 100 50 1 

±4 ±22 4 400 50 3.5 

±3.5 ±18 1.5 0.2 5 1.1 

±3.5 ±18 4 0.2 5 1.1 

±2 ±22 5 100 72 0.5 

±3.5 ±lB 1.5 0.2 50 2.7 

±3.5 ±18 4 0.2 50 2.7 

±3.5 ±18 9 0.2 4 1 

±3.5 ±18 9 0.2 35 3 

±3.5 ±18 9 0.2 25 3 

4 18 10 
Typ 

0.005 
10 2.2 

4 18 1.2 
Typ 

0.005 
10 2.2 

4 18 10 
Typ 

0.005 
50 0.1 

4 18 0.9 
Typ 

0.005 
50 0.1 

4 18 10 
Typ 

0.005 
20 0.6 

4 18 0.9 
Typ 

0.005 
20 0.6 

4 18 1.15 
Typ 

0.007 
500 0.11 

4 40 0.5 25 1000 2 

TEXAS ." 
INSTRUMENlS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

(Values specified for T A - 25°CI II 
SR 

(VI,...) TYPE PACKAGES 
PAGE c: 
NO. o 

TYP '';::; 
ca 
E ... 

0.13 LM124 FK,J,W 2-33 

0.5 LM148 FK,J 2-39 

1.7 RM4136 FK,J,W 2-173 o --= 
2.9 TL034AM FK,J 2-245 

2.9 TL034M FK,J 2-245 

0.5 TL044M FK,J,W 2-269 ca ... 
Q) 16 TL054AM FK,J 2-327 

16 TL054M FK,J 2-327 c: 
Q) 

(!J 
3.5 TL064M FK,J,W 2-357 

13 TL074M FK,J,W 2-387 

13 TL084M FK,J,W 2-403 

5.3 TLC274M FK,J 2-575 

5.3 TLC279M FK,J 2-575 

0.05 TLC27L4M FK,J 2-639 

0.05 TLC27L9M FK,J 2-639 

0.6 TLC27M4M FK,J 2-703 

0.6 TLC27M9M FK,J 2-703 

0.05 TLC1079M D,JG,P 2-749 

0.9 TLE2024M FK,J 5-9 

1-21 



G) 
(1) 
::s 
(1) .. 
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::s 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

internally compensated. quad 

automotive temperature range 

DESCRIPTION 

Norton Amplifier. Bipolar lS/S 

lOIS 

Extended Temperature Range LM324 

Low Power, Bipolar 
ISIS 

lOIS 
Quad uA741 

BIFET, Low Power, Precision 

BIFET, Low Power, Precision 

BIFET, Precision 

BIFET, Precision 

BIFET, Low Power, Precision 

BIFET, Low Noise, Precision 

BIFET, General Purpose 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Micro Power, Precision 

Excalibur, High Speed, Precision 

1-22 

SUPPlY 

VOLTAGE VIO liB AVO 
(mV) (nA) (V/mV) 

(V) 

MIN MAX MAX MAX MIN 
4.5 32 

200 - 1.2 
±2.2 ±16 

3 26 7 -250 
Typ 

100 

3 36 

± 1.5 ±18 
8 -500 20 

±4.5 ±18 6 500 20 

±3.5 ±18 1.5 0.2 5 

±3.5 ±18 4 0.2 5 

±3.5 ±18 1.5 0.2 50 

±3.5 ±18 4 0.2 50 

±3.5 ±18 6 0.2 4 

±3.5 ±18 6 0.2 50 
±3.5 ±18 6 0.2 50 

4 18 5 
Typ 

0.001 
10 

4 18 2 
Typ 

0.001 
10 

4 18 10 
Typ 

0.001 
10 

4 18 1.2 
Typ 

0.005 
10 

4 18 5 
Typ 

0.005 
50 

4 18 2 
Typ 

0.005 
50 

4 18 10 
Typ 

50 
0.005 

4 18 0.9 
Typ 

50 
0.005 

4 18 5 
Typ 

25 
0.005 

4 18 2 
Typ 

0.005 
25 

4 18 10 
Typ 

25 
0.005 

4 18 0.9 
Typ 

25 
0.005 

4 18 1.15 
Typ 

0.007 
500 

4 40 0.5 25 1000 

TEXAS • 
INSTRUMENlS 

B, 
(MHz) 

TYP 

2.5 

0.6 

1 

3 

1.1 

1.1 

2.7 

2.7 

1 

3 

3 

2.2 

2.2 

2.2 

2.2 

0.1 

0.1 

0.1 

0.1 

0.6 

0.6 

0.6 

0.6 

0.11 

2 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

(Values specified for T A 

SR 

(V/pS) TYPE PACKAGES 
PAGE 

NO. 

TYP 

0.5 LM2900 J,N 2-55 

0.3 LM2902 O,J,N,W 2-33 

0.6 MC3303 O,J,N 2-137 

1.7 RV4136 D,J,N,W 2-173 

2.9 TL034AI D,J,N 2-245 

2.9 TL0341 D,J,N 2-245 

16 TL054AI D,J,N 2-327 

16 TL0541 D,J,N 2-327 

3.5 TL0641 D,J,N 2-357 

13 TL0741 D,J,N 2-387 

13 TL0841 D,J,N 2-403 

5.3 TLC274AI D,J,N 2-575 

5.3 TLC27481 D,J,N 2-575 

6.3 TLC2741 D,J,N 2-575 

5.3 TLC2791 O,J,N 2-575 

0.05 TLC27L4AI O,J,N 2-639 

0.05 TLC27L4BI D,J,N 2-639 

0.05 TLC27L41 D,J,N 2-639 

0.05 TLC27L91 D,J,N 2-639 

0.6 TLC27M4AI D,J,N 2-703 

0.6 TLC27M4BI D,J,N 2-703 

0.6 TLC27M41 D,J,N 2-703 

0.6 TLC27M91 D,J,N 2-703 

0.05 TLC10791 D,JG,P 2-749 

0.9 TLE20241 DW,FK,J,N 5-9 



internally compensated. quad 

industrial temperature range 

DESCRIPTION 

General Purpose. Bipolar 

General Purpose, Bipolar 

General Purpose, Bipolar 

High Gain, Low Power, Bipolar 
SIS 

DIS 

High Gain, Low Power, Bipolar 
SIS 

DIS 

Single Supply, Norton Amplifier, SIS 

Bipolar DIS 

BIFET, Low Power 

BIFET, Low Power 

BIFET, Precision 

BIFET, Precision 

BIFET, Low Power, Precision 

BIFET, Low Noise, Precision 

BIFET, General Purpose 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Micro Power, Precision 

Excalibur, High Speed, Precision 

SUPPLY 
VIO liB AVO B1 

VOLTAGE 
(mV) (nA) IV/mV) (MHz) 

(V) 

MIN MAX MAX MAX MIN TYP 

3 30 5 -150 50 0.6 

3 30 3 -80 50 0.6 

±4 ±18 6 200 25 1 

3 32 

±1.5 ±22 
5 -150 50 0.6 

3 32 
3 -80 50 0.6 

± 1.5 ±22 

4 32 

±2 ±16 
- 200 1.2 2.5 

±3.5 ±18 1.5 0.2 5 1.1 

±3.5 ±18 4 0.2 5 1.1 

±3.5 ±18 1.5 0.2 50 2.7 

±3.5 ±18 4 0.2 50 2.7 

±3.5 ±18 6 0.2 4 1 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 6 0.2 50 3 

4 18 5 
Typ 

10 2.2 
0.001 

4 18 2 
Typ 

0.001 
10 2.2 

4 18 10 
Typ 

0.001 
10 2.2 

4 18 0.9 
Typ 

0.005 
10 2.2 

4 18 5 
Typ 

0.005 
50 0.1 

4 18 2 
Typ 

0.005 
50 0.1 

4 18 10 
Typ 

0.005 
50 0.1 

4 18 0.9 
Typ 

0.005 
50 0.1 

4 18 5 
Typ 

0.005 
25 0.6 

4 18 2 
Typ 

0.005 
25 0.6 

4 18 10 
Typ 

0.005 
25 0.6 

4 18 0.9 
Typ 

0.005 
25 0.6 

4 18 1.15 
Typ 

0.007 
500 0.11 

4 40 0.5 25 1000 2 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

(Values specified for TA - 25°C) II 
SR 

(V/~s) TYPE 

TYP 

0.3 LM224 

0.3 LM224A 

0.5 LM248 

0.2 LM258 

0.2 LM258A 

0.5 LM2900 

2.9 TL034AI 

2.9 TL0341 

16 TL054AI 

16 TL0541 

3.5 TL0641 

13 TL0741 

13 TL0841 

5.3 TLC274AI 

5.3 TLC274BI 

5.3 TLC2741 

5.3 TLC2791 

0.05 TLC27L4AI 

0.05 TLC27L4BI 

0.05 TLC27L41 

0.05 TLC27L91 

0.6 TLC27M4AI 

0.6 TLC27M4BI 

0.6 TLC27M41 

0.6 TLC27M91 

0.05 TLC10791 

0.9 TLE20241 

PACKAGES 

D.J,N,W 

D,J,N,W 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,JG,P 

DW,FK,J,N 

PAGE 

NO . 

2-33 

2-33 

2-39 

2-43 

2-43 

2-55 

2-245 

2-245 

2-327 

2-327 

2-357 

2-387 

2-403 

2-575 

2-575 

2-575 

2-575 

2-639 

2-639 

2-639 

2-639 

2-703 

2-703 

2-703 

2-703 

2-749 

5-9 

c: 
o . ~ 
(0 

E .. 
o ... 
c: -

ca .. 
G) 
c: 
G) 

CJ 

1-23 



II 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

internally compensated, quad 

commercial temperature range 

DESCRIPTION 

BIFET, General Purpose 

General Purpose 

General Purpose 

General Purpose 

Single Supply, Norton Amplifier, SIS 

8ipolar DIS 

SIS 
Low Power, Bipolar 

DIS 

Quad uA741 , High Performance 

BIFET, Low Power, Precision 

BIFET, Low Power, Precision 

General Purpose 

BIFET, Precision 

BIFET, Precision 

BIFET, Low Power 

BIFET, Low Power 

BIFET, Low Power 

BIFET, Low Noise 

BIFET, Low Noise 

BIFET, Low Noise 

BIFET, Low Noise 

BIFET, General Purpose 

BIFET, General Purpose 

BIFET, General Purpose 

BIFET, General Purpose 

High Performance. Bipolar 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

1-24 

SUPPLY 

VOLTAGE 
VIO liB AVD B, 
(mV) (nA) (V/mV) (MHz) 

(V) 

MIN MAX MAX MAX MIN TYP 

±3.5 ±18 10 0.2 25 3 

3 30 7 -250 25 0.6 

3 30 3 -100 25 0.6 

±4 ±18 6 200 25 1 

4 32 

±2 ±16 
- 200 1.2 2.5 

3 36 

± 1.5 ±18 
10 -500 20 1 

±4 ±18 6 500 20 3 

±3.5 ±18 1.5 0.2 5 1.1 

±3.5 ±18 4 0.2 5 1.1 

±2 ±18 5 250 60 0.5 

±3.5 ±18 1.5 0.2 50 2.7 

±3.5 ±18 4 0.2 50 2.7 

±3.5 ±18 6 0.2 4 1 

±3.5 ±18 3 0.2 4 1 

±3.5 ±18 15 0.4 3 1 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 3 0.2 50 3 

±3.5 ±18 10 0.2 50 3 

±3.5 ±lB 10 0.2 25 3 

±3.5 ±18 6 0.2 50 3 

±3.5 ±18 3 0.2 50 3 

±3.5 ±lB 15 0.4 25 3 

±3.5 ±18 15 0.4 25 3 

±4 ±18 6 500 20 3 

1.4 18 5 
Typ 

0.005 
10 2.2 

1.4 18 2 
Typ 

0.005 
10 2.2 

1.4 18 10 
Typ 

0.005 
10 2.2 

1.4 18 5 
Typ 

0.005 
30 0.1 

1.4 18 2 
Typ 

0.005 
30 0.1 

1.4 18 10 
Typ 

0.005 
30 0.1 

1.4 18 5 
Typ 

0.005 
20 0.6 

1.4 18 2 
Typ 

0.005 
20 0.6 

1.4 18 10 
Typ 

0.005 
20 0.6 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

(Values specified for TA - 25°C) 

SR 

(Vlp.s) TYPE PACKAGES 
PAGE 

NO. 

TYP 

13 LF347 D,J,N 2·3 

0.3 LM324 D,J,N,W 2-33 

0.3 LM324A D,J,N,W 2-33 

0.5 LM348 D,J,N 2-39 

0.5 LM3900 D,J,N 2·55 

0.6 MC3403 D,J,N 2·137 

1.7 RC4136 D,J,N,W 2-173 

2.9 TL034AC D,J,N 2-245 

2.9 TL034C D,J,N 2-245 

0.5 TL044C J,N,W 2-269 

16 TL054AC D,J,N 2-327 

16 TL054C D,J,N 2-327 

3.5 TL064AC D,J,N 2-357 

3.5 TL064BC D,J,N 2-357 

3.5 TL064C D,J,N 2-357 

13 TL074AC D,J,N 2-387 

13 TL074BC D,J,N 2-387 

13 TL074C D,J,N 2-387 

13 TL075C J,N 2-387 

13 TL084AC D,J,N 2-403 

13 TL084BC D,J,N 2-403 

13 TL084C D,J,N 2-403 

13 TL085C J,N 2-403 

2 TL136C N 2-437 

5.3 TLC254AC D,J,N 2-469 

5.3 TLC254BC D,J,N 2-469 

5.3 TLC254C D,J,N 2-469 

0.05 TLC25L4AC D,J,N 2-469 

0.05 TLC25L4BC D,J,N 2-469 

0.05 TLC25L4C D,J,N 2-469 

0.6 TLC25M4AC D,J,N 2-469 

0.6 TLC25M4BC D,J,N 2-469 

0.6 TLC25M4C D,J,N 2-469 



internally compensated, quad 

commercial temperature range 

DESCRIPTION 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, High Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Low Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

LinCMOS, Medium Bias 

Lin CMOS, Medium Bias 

LinCMOS, Micro Power, Precision 

Excalibur, High Speed, Precision 

SUPPLY 
VIO liB AVO B1 

VOLTAGE 
(mV) (nA) (V/mV) (MHz) 

(V) 

MIN MAX MAX MAX MIN TYP 

3 18 5 
Typ 

0.005 
10 2.2 

3 18 2 
Typ 

0.005 
10 2.2 

3 18 10 
Typ 

0.005 
10 2.2 

3 18 0.9 
Typ 

0.005 
10 2.2 

3 18 5 
Typ 

0.005 
50 0.1 

3 18 2 
Typ 

0.005 
50 0.1 

3 18 10 
Typ 

0.005 
50 0.1 

3 18 0.9 
Typ 

0.005 
50 0.1 

3 18 5 
Typ 

0.005 
25 0.6 

3 18 2 
Typ 

25 0.6 
0.005 

3 18 10 
Typ 

0.005 
25 0.6 

3 18 0.9 
Typ 

0.005 
25 0.7 

1.4 18 1.15 
Typ 

0.007 
500 0.11 

4 40 0.5 25 1000 2 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

OPERATIONAL AMPLIFIERS 
SELECTION GUIDE 

(Values specified for T A - 25°C) 

SR 

(V/p.s) TYPE 

TYP 

5.3 TLC274AC 

5.3 TLC274BC 

5.3 TLC274C 

5.3 TLC279C 

0.05 TLC27L4AC 

0.05 TLC27L4BC 

0.05 TLC27L4C 

0.05 TLC27L9C 

0.6 TLC27M4AC 

0.6 TLC27M4BC 

0.6 TLC27M4C 

0.6 TLC27M9C 

0.05 TLC1079C 

0.9 TLE2024C 

PACKAGES 
PAGE 

NO. 

D,J,N 2·575 

D,J,N 2·575 

D,J,N 2-575 

D,J,N 2-575 

D,J,N 2·639 

D,J,N 2-639 

D,J,N 2·639 

D,J,N 2·639 

D,J,N 2-703 

D,J,N 2-703 

D,J,N 2-703 

D,J,N 2-703 

D,J,N 2-749 

DW,FK,J,N 5·9 

c o 
',i:i 

C'CI 

E .. 
o -.E 
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OPERATIONAL AMPLIFIERS 
CROSS·REFERENCE GUIDE 

Replacements are based on similarity of electrical and mechanical characteristics as 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 buyer assumes all risk in the use thereof. No 
liability is assumed for damages resulting from the use of the information contained herein. 

Manufacturers are arranged in alphabetical order. 

ADVANCED 
LINEAR 

DEVICES 
ALD1701 or 
ALD1702 or 
ALD1703 

ANALOG 
DEVICES 

AD510 or AD517 

FAIRCHILD 

uA714 
uA714E 
uA714L 
uA741 
uA747 
uA748 
uA771 
uA771A 
uA771B 
uA771L 
uA772 
uA772A 
uA772B 
uA772L 
uA774 
uA774B 
uA774L 

DIRECT 
TI 

REPLACEMENT 

uA741 
uA747 
uA748 

SUGGESTED 
TI 

REPLACEMENT 
TLC271 

SUGGESTED 
TI 

REPLACEMENT 
OP-07 

SUGGESTED 
TI 

REPLACEMENT 
OP-07C 
OP-07E 
OP-07D1 

TL071 
TL071B or TL081B 
TL071A or TL081A 
TL081 
TL072 
TL072B 
TL072A or TL082A 
TL082 
TL074 
TL074A or TL074B 
TL084 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 656012 • DALLAS, TEXAS 75265 

PAGE 
NO. 

2-479 

PAGE 
NO. 

2-147 

PAGE 
NO. 

2-147 
2-'147 
2-147 
2-837 
2-845 
2-851 
2-387 
2-387 
2-387 
2-403 
2-387 
2-387 
2-387 
2-403 
2-387 
2-387 
2-403 

II 
c o 
; 
E .. 
.e 
.5 
'ii .. 
CD 
C 
CD 

C!J 
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OPERATIONAL AMPLIFIERS 
CROSS-REFERENCE GUIDE 

GENERAL 
ELECTRIC 

ICL7611, or ICL7612, 

C) or ICL7613 

CD ICL7621 

:s ICL7641 
CD ICL7642 .. 
9!. -:s .... HARRIS 
0 .. 
3 HA2515 

I» HA5130-5 ... HA5135-5 O· 
:s 

INTERSIL 

ICL7611, or ICL7612, 
or ICL7613 
ICL7621 
ICL7641 
ICL7642 

LINEAR 
TECHNOLOGY 

LT1001 

LT1007 
LT1007A 
LT1037 
LT1037A 

MAXIM 

ICL7611, or ICL7612, 
or ICL7613 
ICL7621 
ICL7641 
ICL7642 

1-28 

SUGGESTED 
TI 

REPLACEMENT 
TLC271 

TLC272 
TLC274 or TLC27L9 
TLC27M9 

SUGGESTED 
TI 

REPLACEMENT 
LM318 
OP-07E 
OP-07C 

SUGGESTED 
TI 

REPLACEMENT 
TLC271 

TLC272 
TLC274 or TLC27L9 
TLC27M9 

DIRECT SUGGESTED 
TI TI 

REPLACEMENT REPLACEMENT 
OP-07C, OP-07D, 
or OP-07E 

LT1007 
LT1007A 
LT1037 
LT1037A 

SUGGESTED 
TI 

REPLACEMENT 
TLC271 

TLC272 
TLC274 or TLC27L9 
TLC27M9 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

PAGE 
NO. 

2-479 

2-543 
2-575 
2-703 

PAGE 
NO. 

2-51 
2-147 
2-147 

PAGE 
NO. 

2-479 

2-543 
2-575 
2-703 

PAGE 
NO. 

2-147 

2-83 
2-83 
2-83 
2-83 

PAGE 
NO. 

2-479 

2-543 
2-575 
2-703 



OPERATIONAL AMPLIFIERS 
CROSS·REFERENCE GUIDE 

DIRECT SUGGESTED 
PAGE 

MOTOROLA TI TI II REPLACEMENT REPLACEMENT NO. 

MC748 uA748 2-851 
MC1458 MC1458 2-133 
MC1558 MC1558 2-133 r:: 
MC1709 uA709 2-833 0 
MC1741 uA741 2-837 

-;:; 
as 

MC1747 uA747 2-845 E MC3303 MC3303 2-137 ... 
MC3403 MC3403 RC4136 2-137 0 
MC4558 RC4558 2-177 

.... 
r:: 

MC4741 LM348 2-39 
MC34001 TL071 or LF351 2-387 ca 
MC34002 TL072 or LF353 2-387 ... 
MC34004 TL074 or LF347 2-387 Q) 

r:: 
MC34004B TL074A or LF347B 2-387 Q) 

C!J 
DIRECT SUGGESTED 

PAGE 
NATIONAL TI TI 

REPLACEMENT REPLACEMENT NO. 

LF347 LF347 TL074 or TL084 2-3 
LF347B LF347B TL074A, TL074B, 2-3 

or TLOB4A 
LF351 LF351 TL071 or TL081 A 2-5 
LF353 LF353 TL072, TL072A, or TL082A 2-7 
LF411 LF411 TL081A 2-9 
LF411A TL071 A, TL071 B, 2-387 

TL081A, or TL081B 2-403 
LF412 LF412 TL072A, TL082A, 2-11 

or TL082B 
LF441 TL061 2-357 
LF441 A TL061A or TL061B 2-357 
LF442 TL062 2-357 
LF442A TL062B 2-357 
LF444 TL064 2-357 
LF444A TL064A 2-357 
LH0044 OP-07C 2-147 
LH0044B OP-07D 2-147 
LHOO44C OP-07E 2-147 
LM201A LM201A 2-13 
LM207 LM207 2-17 
LM218 LM218 2-51 
LM224 LM224 2-33 
LM248 LM248 2-39 
LM258 LM258 2-43 

TEXAS + 
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OPERATIONAL AMPLIFIERS 
CROSS·REFERENCE GUIDE 

(Continued) 

DIRECT SUGGESTED 
PAGE NATIONAL TI TI 

REPLACEMENT REPLACEMENT NO. 

G) LM301A LM301A 2-13 
(1) LM307 LM307 2-17 
:::J LM318 LM318 2-51 
(1) LM324 LM324 2-33 ... 
!. LM348 LM348 2-39 

LM358 LM358 2-43 

S'" LM709 uA709 2-833 .... LM741 uA741 2-837 
0 LM883 RC4558 2-177 ... 
3 LM1458 MC1458 2-133 

C» LM2900 LM2900 2-55 ... LM2902 LM2902 2-33 o· LM2904 LM2904 2-43 
:::J LM3900 LM3900 2-55 

LMC660 TLC274 2-575 

SUGGESTED 
PAGE NEC TI 

REPLACEMENT 'NO. 

uPC159 LM318 2-51 
uPC251 MC1458 2-133 
uPC354 OP-07 2-147 
uPC801 TL071 , TL081A, 2-387 

or LF351 

DIRECT SUGGESTED 
PAGE PMI TI TI 

REPLACEMENT REPLACEMENT NO. 

OP-02 uA741 2-837 
OP-04 uA747 2-845 
OP-07C OP-07C 2-147 
OP-07D OP-07D 2-147 
OP-07E OP-07E 2-147 
OP-07F RC4136 2-173 
OP-14C or OP-14E MC1458 2-133 
OP-14J MC1558 2-133 
OP-15F TL071 , TL081A, 2-387 

or LF351 
OP-27E OP-27E 2-151 
OP-27G OP-27G 2-151 
OP-37E OP-37E 2-151 
OP-37G OP-37G 2-151 
OP-215F TL072, TL082A, 2-387 

or LF353 

1-30 TEXAS .." 
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OPERATIONAL AMPLIFIERS 
CROSS-REFERENCE GUIDE 

DIRECT SUGGESTED 
PAGE RAYTHEON TI TI II REPLACEMENT REPLACEMENT NO. 

RC4136 RC4136 2-173 
RC4156 LM348 2-39 
RC4157 LM348 2-39 C 
RC4558 RC4558 2-177 0 

"+: RC4559 RC4559 2-171 CO 
E ... 

SUGGESTED 0 
RCA TI PAGE ~ 

REPLACEMENT NO. .5 
CA081A TL081 2-403 "ii 
CA081A TL081A 2-403 ... 
CA082 TL082 2-403 CD 

C 
CA082A TL082A 2-403 CD 
CA084 TL084 2-403 ~ 

DIRECT SUGGESTED 
PAGE SIGNETICS TI TI 

REPLACEMENT REPLACEMENT 
NO. 

NE532 LM358 or TL022 2-43 
NE5532 NE5532 2-143 
NE5532A NE5532A 2-143 
NE5534 NE5534 2-181 
NE5534A NE5534A 2-181 
SE5534 SE5534 2-181 
SE5534A SE5534A 2-181 

SUGGESTED 
PAGE SGS-THOMSON TI 

REPLACEMENT NO. 

TS271 TLC271 2-479 
TS271A TLC271A 2-479 
TS271B TLC271B 2-479 
TS272 TLC272 2-543 
TS272A TLC272A 2-543 
TS272B TLC272B 2-543 
TS274 TLC274 2-575 
TS274A TLC274A 2-575 
TS274B TLC274B 2-575 
TS27L2 TLC27L2 2-607 
TS27L2A TLC27L2A 2-607 
TS27L2B TLC27L2B 2-607 
TS27L4 TLC27L4 2-639 
TS27L4A TLC27L4A 2-639 
TS27L4B TLC27L4B 2-639 
TS27M2 TLC27M2 2-671 
TS27M2A TLC27M2A 2-671 
TS27M2B TLC27M2B 2-671 
TS27M4 TLC27M4 2-703 
TS27M4A TLC27M4A 2-703 
TS27M4B TLC27M4B 2-703 

TEXAS .." 
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Input Offset Voltage (Viol 

OPERATIONAL AMPLIFIERS 
GLOSSARY 

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

Average Temperature Coefficient of Input Offset Voltage (aVlol 

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

[
(VIO @TA(l))-(VIO @ TA(2))] 

"'VIO = T T where TA(l) and TA(2) are the specified temperature extremes. 
A(1)- A(2) 

Input Offset Current (1101 

The difference between the currents into the two input terminals with the output at zero volts. 

Average Temperature Coefficient of Input Offset Current (allol 

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 @ TA(l))-(I10 @TA(2))] 

"'110 = T T where TA(l) and TA(2) are the specified temperature extremes. 
A(1)- A(2) 

Input Bias Current (lIBI 

The average of the currents into the two input terminals with the output at zero volts. 

Common-Mode Input Voltage (VICI 

The average of the two input voltages. 

Common-Mode Input Voltage Range (VICRI 

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

Differential Input Voltage (ViOl 

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

Maximum Peak Output Voltage Swing (VOMI 

The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the 
quiescent d-c output voltage is ~!lro. 

Maximum Peak-to-Peak Output Voltage Swing (VOppl 

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

Large-Signal Voltage Amplification (AVI 

The ratio of !he peak-to-peak output voltage swing to the change in input voltage required to drive the output. 

Differential Voltage Amplification (AVOI 

The ratio of the change in output voltage to the cha,lge in differential input voltage producing it. 

II 
c 
o 

'';::; 
CO 
E .. 
o -c 

CO .. 
Q) 
C 
Q) 

~ 
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OPERATIONAL AMPLIFIERS 
GLOSSARY 

Maximum-Output-8wing Bandwidth IBOMI 

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

Unity-Gain Bandwidth IB1 I 

The range of frequencies within which the open-loop voltage amplifiCation is greater than unity. 

Phase Margin I</>ml 

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

Gain Margin IAml 

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. 

Input Resistance Irjl 

The resistance between the input terminals with either input grounded. 

Differential Input Resistance Irldl 

The small-signal resistance between the two ungrounded input terminals. 

Output Resistance Irol 

The resistance between the output terminal and ground. 

Input Capacitance ICII 

The capacitance between the input terminals with either input grounded. 

Common-Mode Input Impedance IZic! 

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

Output Impedance IZol 

The small-signal impedance between the output terminal and ground. 

1-34 

Common-Mode Rejection Ratio IkCMR. CMRRI 

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. 

Supply Voltage Sensitivity IkSVS. ilVIO/ilVCCI 

The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it. 
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically. 

2. This is the reciprocal of supply voltage rejection ratio. 

Supply Voltage Rejection Ratio IkSVR. ilVCC/ilVIOI 

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. 

TEXAS + 
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Equivalent Input Noise Voltage (Vn) 

OPERATIONAL AMPLIFIERS 
GLOSSARY 

The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals 
of the device that represents the part of the intermilly generated noise that can properly be represented by a voltage 
source. 

Equivalent Input Noise Current lin) 

The current 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. 

Average Noise Figure (F) 

The ratio of (1) the total output noise power within a designated output frequency band when the noise temperature 
of the input termination(s) is at the reference noise temperature. TO. at all frequencies to (2) that part of (1) caused 
by the noise temperature of the designated signal-input termination within a designated signal-input frequency band. 

Short-Circuit Output Current IIOS) 

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

Supply Current IICC) 

The current into the Vee or Vee + terminal of an integrated circuit. 

Total Power Dissipation (PO) 

The total doc power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Po = VCC + • ICC + + VCC - • ICC -. 

Crosstalk Attenuation (Vo1IVo2) 

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

Rise Time Itr) 

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

Total Rasponse Time (Settling Time) Ittot) 

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

Overshoot Factor 

The ratio of (1 ) the largest deviation of the output signal value from its final steady-state value after a step-function 
change of the input signal. to (2) the absolute value of the difference between the steady-state output signal values 
before and after the step-function change of the input signal. 

Slew Rate (SR) 

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

TEXAS ." 
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military temperature range 

POWER SUPPlY 

DESCRIPTION VCC+ 

I 
VCC-

NOM NOM 

M (V) 

single channel 

Strobe 4-30 0 
Ultra Low Power, Strobe 4-30 0 

Strobe 4-30 0 

Strobe 4-30 0 

Ultra-Fast, Precision 5 -5 

dual channel 

Low Power, 8ipolar 4-30 0 

Dual TL510M 12 -6 

Ultra Low Supply, LinCMOS 1.4-18 0 

High Speed, Lin CMOS 4-18 0 
Ultra Low Power, 

4-18 0 
Open-Drain Output 

Ultra Low Power, 
4-18 0 

Push-Pull Output 

quad channel 

Low Power, 8ipolar 4-30 0 

Precision Input 4-30 0 

Ultra Low Power, 
4-18 0 

Open-Drain Output 

Ultra Low Supply, LinCMOS 1.4-18 0 

High Speed, LinCMOS 4-18 0 

Ultra Low Power, 

Push-Pull Output 
4-18 0 

t T vpically 5 pA 

VIO 118 IOL 
MAX MAX MIN 
(mV) (uA) (mA) 

3 0.1 8 

7.5 0.1 1.6 

1.5 0.05 50 

0.5 0.025 50 

±2 10 10 

5 0.1 6 

2 15 2 

10 t 6 

10 t 6 

5 t 6 

5 t 4 

5 -0.1 6 

2 -0.1 6 

5 t 6 

10 t 6 

10 t 6 

5 t 4 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TeXAS 75265 

COMPARATORS 
SELECTION GUIDE 

(Values specified at T A ,. 25 °CI 

RESPONSE 

TIME 

TYP 
TYPE 

(ns) 

115 LMlll 

1200 LP111 

150 LT10llM 

150 LT10llAM 

10 LT1016M 

300 LM193 

30 TL514M 

200 TLC352M 

200 TLC372M 

1100 TLC393M 

1300 TLC3702M 

300 LM139 

300 LM139A 

1100 TLC339M 

200 TLC354M 

200 TLC374M 

1300 TLC3704M 

PACKAGE 

FK,J,JG,U 

FK,JG 

JG,L 

JG,L 

JG,L 

FK,JG,L 

FK,J,W 

FK,JG 

FK,JG 

FK,JG 

FK,JG 

FK,J 

FK,J 

FK,J 

FK,J 

FK,J 

FK,J 

PAGE 

NO. 

3-3 

3-29 

3-37 

3-37 

3-61 

3-21 

3-69 

3-103 

3-119 

3-135 

3-151 

3-17 

3-17 

3-89 

3-111 

3-127 

3-157 

II 
c o 

'';= 
ca 
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G> 
C 
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COMPARATORS 
SELECTION GUIDE 

automotive temperature range 

G') 

" i ... 
et 
3" .... o ... 
3 
C» ... S· 
:::J 

DESCRIPTION 

dual channel 

Automotive LM393 

Ultra-Low Supply, LinCMOS 

High Speed, LinCMOS 

Ultra Low Power, 

Open-Drain Output 

Ultra Low Power, 

Push-Pull Output 

quad channel 

Automotive Temp. LM339 

Low-Cost LM2901 

Ultra Low Power, 

Automotive LP339, Bipolar 

Ultra Low Supply, LinCMOS 

Open-Drain Output 

High Speed, LinCMOS 

Push-Pull Output 

t Typically 5 pA 

1-38 

P,OWER SUPPLY 

vcc+ I vCC-
NOM NOM 

(V, (V, 

4-30 0 

1.4-18 0 
3-18 0 

3-18 0 

3-18 0 

4-30 0 
4-26 0 

5 0 

1.4-18 0 

3-18 0 

3-18 0 
3-18 0 

(Values specified at T A "',25 °C) 

RESPONSE 

V,O liB IOL TIME 
PACKAGE 

PAGE 
TYPE 

MAX MAX MIN TYP NO. 
(mV, (uA' (mA' (ns' 

7 0.25 6 300 LM2903 D,JG,P 3-21 

10 t 6 200 TLC3521 D,JG,P 3-103 

10 t 6 200 TLC3721 D,JG,P 3-119 

5 t 6 1100 TLC3931 D,JG,P 3-135 

5 t 4 1300 TLC37021 D,JG,P 3-151 

7 -0.25 6 300 LM2901 D,J,N 3-17 

20 0.5 6 300 LM3302 D,J,N 3-25 

±5 -0.025 20 8000 LP2901 D,J,N 3-33 

10 t 6 200 TLC3541 D,J,N 3-111 

5 t 6 1100 TLC3391 D,J,N 3-89 

10 t 6 200 TLC3741 D,J,N 3-127 

5 t 4 1300 TLC37041 D,J,N 3-157 

TEXAS ." 
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industrial temperature range 

POWER SUPPLY 

DESCRIPTION Vcc+ 

I 
Vcc- VIO liB IOL 

NOM NOM MAX MAX MIN 

(V) (V) (mV) (uA) (rnA) 

single channel 

Strobe 

Ultra Low Power, Strobe 

Single LM339 

dual channel 

Industrial LM393 4-30 0 5 0.25 6 
Industrial LM393, Low Offset 4-30 0 2 0.25 6 
Ultra Low Supply, LinCMOS 1.4-18 0 10 t 6 
High Speed, LinCMOS 3-18 0 10 t 6 
Ultra Low Power, 

Open-Drain Output 
3-18 0 5 t 6 

Ultra Low Power, 

Push-Pull Output 
3-18 0 5 t 4 

quad channel 

Industrial LM339 4-30 0 5 -0.25 6 
Industrial LM339, Low Offset 4-30 0 2 -0.25 6 
Ultra Low Power, 

Industrial LP339, Bipolar 
4-30 0 ±5 -0.025 20 

Ultra Low Power, 

Open-Drain Output 
3-18 0 5 t 6 

Ultra Low Supply, LinCMOS 1.4-18 0 10 t 6 

High Speed, LinCMOS 3-18 0 10 t 6 
Ultra Low Power, 

Push-Pull Output 
3-18 0 5 t 4 

t Typically 5 pA 

TEXAS ." 
INSTRUMENTS 
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COMPARATORS 
SELECTION GUIDE 

(Values specified at T A - 25°C) 

RESPONSE 

TIME 
TYPE 

TYP 

(ns) 

300 LM293 

300 LM293A 

200 TLC3521 

200 TLC3721 

1100 TLC3931 

1300 TLC37021 

300 LM239 

300 LM239A 

8000 LP239 

1100 TLC3391 

200 TLC3541 

200 TLC3741 

1300 TLC37041 

PACKAGE 

D,JG,P 

D,JG,P 

D,JG,P 

D,JG,P 

D,JG,P 

D,JG,P 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

D,J,N 

PAGE 

NO. 

3-21 

3-21 

3-103 

3-119 

3-135 

3-151 

3-17 

3-17 

3-33 

3-89 

3-111 

3-127 

3-157 

II 
c o 

'';:; 
ca 
E .. 
o -c 
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COMPARATORS 
SELECTION GUIDE 

commercial temperature range 

II 
G) 
CD 

DESCRIPTION 

:::s single channel 
CD .. 
!. 
5' .... 
o .. 
3 
I» 
r+ S· 
:::s 

Strobe 

Ultra Low PQwer, Strobe 

Strobe 

Strobe 

Ultra-Fast Precision 

Single LM339 

Output Enable 

High Speed 

High Speed 

dual channel 

Low Power, Bipolar 

Precision Input 

Ultra Low Supply, LinCMOS 

High Speed, LinCMOS 

Ultra Low Power, 

Open Drain Output, CMOS 

Ultra Low Power, 

Push-Pull Output, CMOS 

t Typically 5 pA 

1-40 

POWER SUPPLY 

Vcc+ 

I 
Vcc-

NOM NOM 
(VI (VI 

4-30 0 

4-30 0 

4-30 0 

4-30 0 

5 -5 

4-30 0 

5 0 

5 .0 

0 -5.2 

4-30 0 

4-30 0 

1.4-18 0 

3-18 0 

3-18 0 

3-18 0 

(Values specified at T A - 25 0 el 

RESPONSE 

VIO liB IOL TIME 
TYP PACKAGE 

PAGE 
MAX MAX MIN TYP NO. 
(mVI (uAI (mAl (nsl 

7.5 0.25 8 115 LM311 D,JG,P 3-3 

7.5 0.1 1.6 1200 LP311 D,JG,P 3-29 

0.5 0.025 50 150 LT1011AC JG,L,P 3-37 

1.5 0.05 50 150 LT1011C JG,L,P 3-37 

±3 10 10 10 LT1016C D,JG,L,P 3-61 

5 ·-0.25 6 300 TL331C D,JG,P 3-65 

±1 -
MAX 

16 
25 TL712 D,JG,P 3-77 

MAX 
- -

16 
7 TL714C D,P 3-81 

±1 -
MAX 

16 
Max 12 TL721 D,JG,P 3-85 

5 0.25 6 300 LM393 D,JG,P 3-21 

2 0.25 6 300 LM393A D,JG,P 3-21 

10 t 6 200 TLC352C D,JG,P 3-103 

10 t 6 200 TLC372C D,JG,P 3-119 

5 t 6 1100 TLC393C D,JG,P 3-135 

5 t 4 1300 TLC3702C D,JG,P 3-151 
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commercial temperature range 

POWER SUPPLY 

DESCRIPTION Vcc+ 

I 
Vcc-

NOM NOM 

IVI IVI 

quad channel 

Low Power, Bipolar 4-30 0 

Precision Input 4-30 0 

Ultra Low Power, Bipolar 4-30 0 
Ultra Low Power, 

Open-Drain Output, CMOS 
3-18 0 

Ultra Low Supply, LinCMOS 1.4-18 0 
High Speed, CMOS 3-18 0 
Ultra Low Power, 

3-18 0 
Push-Pull Output, CMOS 

t Typically 5 pA 

VIO liB IOL 
MAX MAX MIN 

ImVI luAI ImAI 

5 -0.25 6 
2 -0.25 6 

±5 -0.025 6 

5 t 6 

10 t 6 
10 t 6 

5 t 4 

TEXAS ~ 
INSTRUMENlS 

COMPARATORS 
SELECTION GUIDE 

(Values specified at T A .. 25°C) 

RESPONSE 

TIME 
TYP 

TYP 

Insl 

300 LM339 

300 LM339A 

8000 LP339 

1100 TLC339C 

200 TLC354C 

200 TLC374C 

1300 TLC3704C 

PACKAGE 
PAGE 

NO. 

D,J,N 3-17 

D,J,N 3-17 

D,J,N 3-33 

D,J,N 3-89 

D,J,N 3-111 

D,J,N 3-127 

D,J,N 3-157 
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COMPARATORS 
CROSS·REFERENCE GUIDE 

Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published data. 
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should compare 1 
the specifications of the substitute device with the specifications of the original. 

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

Manufacturers are arranged in alphabetical order. 

LINEAR 
TECHNOLOGY 

LT10llA 
LT10ll 
LT1016 
LT1017 

LT1018 

NATIONAL 

LM311 
LM339 
LM393 
LM2901 
LM3302 
LP339 

PMI 

CMP04F 

DIRECT 
TI 

REPLACEMENT 
LT10llA 
LT10ll 
LT1016 

DIRECT 
TI 

REPLACEMENT 
LM311 
LM339 
LM393 
LM2901 
LM3302 
LP339 

SUGGESTED 
TI 

REPLACEMENT 

TLC352, 
TLC392, 

or TLC3702 
TLC352, 
TLC392, 

or TLC3702 

SUGGESTED 
TI 

REPLACEMENT 

TLC339 
TLC393 
TLC339 

TLC339 

SUGGESTED 
TI 

REPLACEMENT 
LM339 or 

LM3302 or 
LM2901 or 

TLC339 

TEXAS ." 
INSTRUMENTS 
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PAGE 
NO. 

3-37 
3-37 
3-61 
3-103 

3-151 
3-103 

3-151 

PAGE 
NO. 

3-3 
3-17 
3-21 
3-17 
3-25 
3-33 

PAGE 
NO. 

3-17 
3-25 
3-17 
3-89 
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Input Offset Voltage (VIO) 

COMPARATORS 
GLOSSARY 

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

Average Temperature Coefficient of Input Offset Voltage (aVIO) 

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

[
(VI0@TA(1))-(VI0@TA(2))] 

"'VIO = T T where T A(1) and T A(2) are the specified temperature extremes. 
A(1)- A(2) 

Input Offset Current (110) 

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

Average Temperature Coefficient of Input Offset Current (aIlO) 

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 - [(l10@TA(1))-(l10@TAmilwhereTA(1)andTA(2)arethe specified temperature extremes. 
- TA(1)-TA(2) J 

Input Bias Current IIIB) 

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

High-Level Strobe Current IIIH(S)) 

The current flowing into or out of* the strobe at a high-level voltage. 

Low-Level Strobe Current IIILlS)) 

The current flowing out of* the strobe at a low-level voltage. 

High-Level Strobe Voltage (VIH(S)) 

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

Low-Level Strobe Voltage (VILIS)) 

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 Voltage Range (VI) 

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

Common-Mode Input Voltage (VIC) 

The average of the two input voltages. 

·Current out of a terminal is given as a negative value. 

c o 
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COMPARATORS 
GLOSSARY 

Common-Mode Input Voltage Range (VICRI 

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

Differential Input Voltage (ViOl 

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

Differential Input Voltage Range (ViOl 

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

Differential Voltage Amplification (AVOI 

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

High-Level Output Voltage (VOHI 

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 (VoLl 

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

High-Level Output Current. (lOHI 

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

Low-Level Output Current. (loll 

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

Output Resistance (rol 

The resistance between an output terminal and ground. 

Common-Mode Rejection Ratio (kCMR. CMRRI 

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. 

Supply Current (ICC +. ICC - I 

The current into' the VCC + or VCC _ terminal of an integrated circuit. 

Total Power Dissipation (POl 

The total doc power supplied to the device less any power delivered from the device to a load. 
NOTE: At no load: Po = VCC+ • ICC+ + VCC- .ICC-. 

"'Current out of a terminal is given as a negative value. 
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Response Time 

COMPARATORS 
GLOSSARY 

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. 

·Current out of a terminal is given as a negative value. 
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precision timers 

military temperature range 

DESCRIPTION OUTPUT CURRENT 
TIMING 

FROM TO 

Single Timer, Bipolar ±200 mA 1 ~s Hours 

Single Timer, Bipolar ±200 mA 1 ~s Hours 

Dual Timer, Bipolar ±200 mA 1~ Hours 

Dual Timer, Bipolar ±200 mA 1~ Hours 

LinCMOS, Single High-Speed Timer 
100 mA 

-10 mA 
1 ~s Hours 

LinCMOS, Dual High-Speed Timer 
100 mA 

-10 mA 
1~ Hours 

automotive temperature range 

DESCRIPTION OUTPUT CURRENT 
TIMING 

FROM TO 

Single Timer, Bipolar ±200 mA 10 ~s Hours 

Dual Timer, Bipolar ±200 mA 10 ~s Hours 

LinCMOS, Single High-Speed Timer 
100mA 

-10mA 
1 ~s Hours 

LinCMOS, Dual High-Speed Timer 
100 mA 

-10mA 
1 ps Hours 

commercial temperature range 

DESCRIPTION OUTPUT CURRENT 
TIMING 

FROM TO 

Single Timer, Bipolar ±200 mA 10 ~s Hours 

Dual Timer, Bipolar ±200 mA 10 ~s Hours 

LinCMOS, Single High-Speed Timer, 100 mA 

l-Volt Operation -10mA 
1 ~s Hours 

LinCMOS, Dual High-Speed Timer, 100 mA 
1 ~s Hours 

l-Volt Operation -10mA 

LinCMOS, Single High-Speed Timer 
100mA 

-10 mA 
1 ps Hours 

LinCMOS, Dual High-Speed Timer 
100mA 

-10 mA 
1 ps Hours 

Programmable Timer/Counter 4mA 10~ Days 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 76265 

SPECIAL FUNCTIONS 
SELECTION GUIDE 

(Values specified for T A - 25 0 CI 

TYPE PACKAGES 
PAGE 

NO. 

SE555 FK,JG 4-37 

SE555C FK,JG 4-37 

SE556 FK,J 4-49 

SE556C FK,J 4-49 

TLC555M FK,JG 4-195 

TLC556M FK,J 4-203 

(Values specified for TA - 25°CI 

TYPE PACKAGES 
PAGE 

NO. 

SA555 D,JG,P 4-37 

SA556 D,J,N 4-49 

TLC5551 D,JG,P 4·195 

TLC5561 D,J,N 4·203 

(Values specified for TA - 25°C) 

TYPE PACKAGES 
PAGE 

NO. 

NE555 D,JG,P 4-37 

NE556 D,J,N 4-49 

TLC551C D,P 4-179 

TLC552C D,N 4-187 

TLC555C D,JG,P 4-195 

TLC556C D,J,N 4-203 

uA2240C N 4-221 
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SPECIAL FUNCTIONS 
SELECTION GUIDE 

current mirrors IValues specified for T A - 25 0 CI 

DESCRIPTION 
TEMPERATURE CURRENT RATIO INPUT CURRENT 

TYPE PACKAGES 
PAGE 

RANGE INPUT TO OUTPUT RANGE NO. 
Programmabla ODC to 70 DC 3:1 to 1:15 Variable TL010C P 4-81 

Programmable _40DC to 85 DC 3:1 to 1:15 Variable TL0101 P 4-81 

Fixed ODC to 70 DC 1:1 11'AtolmA TLOllC LP 4-85 

Fixed -40 DC to 85 DC 1:1 l/'AtolmA TLOlll LP 4-85 

Fixed ODC to 70 DC 1:2 11'AtolmA TL012C LP 4-85 

Fixed -40 DC to 85 DC 1:2 11'Ato 1 mA TL0121 LP 4-85 

Fixed ODC to 70DC 1:4 11'AtolmA TL014AC LP 4-85 

Fixed ODC to 70 DC 1:2 21'At02mA TL021C LP 4-85 

Fixed _40DC to 85 DC 1:2 21'At02mA TL021 I LP 4-85 

Hall-Effect switches IValues specified for TA - 25 0 CI 

RELEASE POINT OPERATING POINT MINIMUM 
PAGE 

(GAUSS) (GAUSS) HYSTERESIS TYPE PACKAGES 
NO. 

MIN MAX (GAUSS) 

-250 250 50 TL170C LP 4-121 

100 600 230 TL172C LP 4-123 

25 450 30 TL3013C LU 4-165 

125 500 50 TL3019C LU 4-167 

50 350 20 TL3020C LU 4-169 

-250 250 50 TL3101 LU 4-171 

Hall-Effect linear circuits IValues specified for TA - 25 0 CI 

LINEAR RANGE SENSITIVITY 
TYPE PACKAGES 

PAGE 
(GAUSS) (mV/GAUSS) NO. 

±500 1.4 TL173 LP 4-125 

±500 1.4 TL3103 LU 4-173 

sonar ranging functions IValues specified for T A - 25 0 CI 

DESCRIPTION TYPE PACKAGES 
PAGE 

NO. 

Sonar Ranging Module Sonar ranging module for measuring distances from a range SN28827 4-61 

of 6 Inches to 35 feet using the TL851 and TL852 

Sonar Ranging Module Sonar ranging module for measuring distances from a range SN28828 4-67 

of 6 Inches to 35 feet using the TL852 and TL853 

Controller Circuit Control integrated circuit for use in a sonar ranging module, TL851 N 4-151 

capable of driving 50-kHz transducers with a simple interface 

Receiver Circuit Receiver integrated circuit for use in a sonar ranging module TL852 N 4-155 

Control Circuit Control integrated circuit for use in a sonar ranging module, TL853 N 4-161 

capable of driving 40-kHz transducers with a simple interface 

1-50 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 



floppy·disk control circuits 

DESCRIPTION 

Read·Amplifier System 

Tape·Read Signal Conditioner 
Disk-Memory Read-Chain Data Comparator 

SPECIAL FUNCTIONS 
SELECTION GUIDE 

(Values specified for TA - 25 D CI 

TYPE PACKAGES 
PAGE 

NO. 

MC3470 

MC3470A 
N 4-29 

TL041C DW,NT 4-113 

TL712 D,JG,P 3-77 

Disk·Memory Read-Chain Data Comparator with MECL III and MECL 1000 TL721 D,JG,P 3-85 

differential video amplifiers 

military temperature range 

DESCRIPTION 

Amplifier with internal frequency compansation and 

adjustable/selectable gain options 

Amplifier with internal frequency compensation 

commercial temperature range 

DESCRIPTION 

Amplifier with 2 multiplexed inputs and 

wide AGC range 

Amplifier with internal frequency compensation and 

adjustable/selectable gain options 

Similar to NE592 but with tighter gain distribution 

Amplifier with a wide AGC range 

Amplifier with a wide AGC range 

2-channel multiplexed Video Amp 

Similar to NE592 but in an a-pin package 

Similar to NE592A but in an a-pin package 

Low-noise version of NE592 and TL592 

Amplifier with internal frequency compensation 

logarithmic amplifiers 

military temperature range 

DESCRIPTION 

Logarithmic Amplifier 

(Values specified for T A - 25 DCI 

BAND· 

WIDTH GAIN 
TYPICAL 

TYPE PACKAGES 
PAGE 

NOISE, Vn NO. 
(MHz) 

90 600 Max 12 ~V SE592 D,N 4-53 

200 10, 100,400 12 pV uA733M J,U 4-213 

(Values specified for T A - 25 DCI 

BAND-
TYPICAL PAGE 

WIDTH GAIN TYPE PACKAGES 
NOISE, Vn NO. 

(MHz) 

60 100 max 25 pV MC1445 J,N 4-27 

90 600 max 12 ~V NE592 D,N 4-53 

90 600 max 12 ~V NE592A D,N 4-53 

50 100 12 pV TL026C D,P 4-91 

50 400 max 12 ~V TL027C D,J,N 4-99 

20 600 max <5 ~V TL040C D,N 4-107 

90 600 max 12 pV TL592 D,P 4-143 

90 600 max 12 ~V TL592A D,P 4-143 

90 600 max 3 pV TL592B D,N,P 4-147 

200 10, 100,400 12 pV uA733C D,N 4-213 

(Values specified for operating temperature range) 

GAIN 

Logarithmic Curve 

TEXAS ." 
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SPECIAL FUNCTIONS 
SELECTION GUIDE 

programmable tone/noise generators 

DESCRIPTION 

• Complell sound generators designed to provide low-cost digital tones or noise. 

• Programmable white-noise and attenuation functions, and simultaneous sounds 

under microprocessor control. 

• TTL compatible. 

frequency-to-voltage-converters 

DESCRIPTION 

• Output swings to ground for zero-frequency input 

• Only one RC network provides frequency doubling for low ripple. 

• a-pin version interfaces directly to variable reluctance magnetic pickups . 

j sample-and-hold amplifiers 

(Values specified for T A - 25 0 C) 

TYPE PACKAGES 
PAGE 

NO. 

SN76494! 

SN76494A 

SN76496! 
N 4-73 

SN76496A 

(Values sPecified for T A - 25 GC) 

TYPE PACKAGES 
PAGE 

NO. 

LM2907 

LM2917 
D,N,P 4-21 

military temperature range (Values specified for operating temperature range) 

DESCRIPTION 

Precision Sample-end-Hold Amplifier 

commercial temperature range 

DESCRIPTION 

Precision Sample-and-Hold Amplifier 

'-52 

OFFSET VOLTAGE GAIN ERROR TYPE PACKAGES 
PAGE 

NO. 

1 mV 0.002% LF198 

0.5 mV 0.001% LF198A 
L 4-3 

(Values specified for operating temperature range) 

OFFSET VOLTAGE GAIN ERROR 

2mV 0.004% 

1 mV 0.001% 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

TYPE PACKAGES 
PAGE 

NO. 

LF398 JG,L 4-3 

LF398A L,P 4-3 



SPECIAL FUNCTIONS 
CROSS·REFERENCE GUIDE 

Replacements are based on similarity of electrical and mechanical characteristics as 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 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. 

SUGGESTED PAGE INTERSIL TI NO. REPLACEMENT 
ICM7555 TLC555 4-195 

DIRECT SUGGESTED PAGE MOTOROLA TI TI NO. REPLACEMENT REPLACEMENT 
MC1445 MC1445 4-27 
MCl733 uA733 4-213 
MC3470 MC3470 4-29 
NE555 NE555 4-37 
NE592 NE592 4-53 

DIRECT SUGGESTED PAGE SIGNETICS TI TI NO. REPLACEMENT REPLACEMENT 
NE555 NE555 TLC555 4-195 
NE556 NE556 TLC556 4-203 
NE592 NE592 4-53 
SA555 SA555 TLC555 4-195 
SA556 SA556 TLC556 4-203 
SE555 SE555 TLC555 4-195 
SE555C SE555C TLC555 4-37 
SE556 SE556 TLC556 4-203 
SE556C SE556C TLC556 4-49 
uA733 uA733 4-203 

SUGGESTED PAGE SPRAGUE TI NO. REPLACEMENT 
UGN3019 TL3019C 4-167 
UGS3019 TL30191 4-167 
UGN3020 TL3020C 4-169 
UGS3020 TL30201 4-169 
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LF347, LF347B 
WIDE-BANDWIDTH QUAD JFET-INPUT OPERATIONAL AMPLIFIERS 

D2997, MARCH 1987 

• Low Input Bias Current 
Typically 50 pA 

• Low Input Noise Current 
Typically 0,01 pA/~ 

• Low Total Harmonic Distortion 

• Low Supply Current ... Typically 8 mA 

• Wide Gain Bandwidth ... Typically 3 MHz 

• High Slew Rate ... Typically 13 V/p.s 

• Pin Compatible with the LM348 

description 

AMP #1 

AMP #2 

D, J, OR N PACKAGE 

(TOP VIEW) 

rUT OUT} 
)N- IN-

IN+ IN+ 

VCC+ VCC-

r+ 
IN+ } 

IN- IN-
OUT OUT 

AMP #4 

AMP #3 

These devices are low-cost, high-speed, JFET-input operational amplifiers. They require low supply current 
yet maintain a large gain-bandwidth product and a fast slew rate. In addition, their matched high-voltage 
JFET inputs provide very low input bias and offset current. 

The LF347 and LF347B can be used in applications such as high-speed integrators, digital-to-analog 
converters, sample-and-hold circuits, and many other circuits. 

The LF347 and LF347B are characterized for operation from 0 DC to 70 DC. 

symbol (each amplifier) 

IN-=t>-OUT 

IN+ + 

AVAILABLE OPTIONS 

PACKAGE 

TA 
VIO MAX 

SMALL-OUTLINE CERAMIC DIP PLASTIC DIP 
AT 2S·C 

ID) (J) (N) 

O·C 10 mV LF347D LF347J LF347N 
to 

70·C 5 mV LF347BD LF347BJ LF347BN 

o packages are available taped and reeled. Add "R" suffix to the device type, le,g. 
LF347DR) 

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

Supply voltage, VCC + ...... , ....................................... '....... 18 V 
Supply voltage, VCC _ ... , ................................... ,............ -18 V 
Differential input voltage, VID ........................................... , .. , ± 30 V 
Input voltage (see Note 1) . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 1 5 V 
Duration of output short circuit ......................................... , .. , Unlimited 
Continuous total power dissipation ..... , ........... , . . . . . . . . .. See Dissipation Rating Table 
Operating temperature range ............... , ............ , ............... ODC to 70°C 
Storage temperature range .................................... ,.... - 65 DC to 150°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 

NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage, 

PRODUCTION DATA documants contain inlonnation 
current .s af publicatiDn deta. Products conform to 
specifications par the tll'ms of TIXIS Instruments 

::::=i;·i:,~li ~:'::i:r :.r=::~::.s not 
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LF347, LF347B 
WIDE-BANDWIDTH QUAD JFEHNPUT OPERATIONAL AMPLIFIERS 

DISSIPATION RATING TABLE 

TA s 2S'C DERATING DERATE TA - 70'C 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING 

D 680 mW 7.6 mW/'C 61°C 608mW 

J 680mW 8.2 mW/oC 67'C 656 mW 

N 680mW N/A N/A 680mW 

electrical characteristics over operating free-air temperature range, Vee + - 15 V, Vee _ - - 15 V 
(unless otherwise specified) 

PARAMETER TEST CONDITIONS 
LF347 LF347B 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage 
VIC = 0, TA = 25'C 5 10 3 6 

mV 
RS = 10 kll I Full range 13 7 

"'VIO 
Average temperature coefficient VIC = 0, 18 18 ",V/'C 
of input offset voltage RS = 10 kll 

110 Input offset current t VIC = 0 
TJ = 25°C 25 100 25 100 pA 

TJ = 70°C 4 4 nA 

liB Input bias current t VIC = 0 
TJ = 25°C 50 200 50 200 pA 

TJ = 70°C 8 8 nA 

-12 -12 

VICR Common-mode input voltage range ±11 to ±11 to V 

15 15 

VOM Maximum peak output voltage swing RL = 10kll ±12 ±13.5 ±12 ± 13.5 V 

AVO Large-signal differential voltage 
Vo = ±lov,1 TA = 25°C 25 100 50 100 

RL = 2 kll I Full range 15 26 
V/mV 

r; Input resistance TJ = 25°C 1012 1012 II 
CMRR Common-mode rejection ratio RS s 10 kll 70 100 80 100 dB 

kSVR Supply voltage rejection ratio See Note 2 70 100 80 100 dB 

ICC Supply current 8 11 B 11 mA 

operating characteristics, Vee + - 15 V, Vee- _ -15 V, TA _ 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V01 IV02 Crosstalk attenuation f = 1 kHz 120 dB 

SR Slew rate 8 13 V/",s 

Bl Unity-gain bandwidth 3 MHz 

Vn Equivalent input noise voltage f = 1 kHz, RS = 100 II 18 nV/$. 

In Equivalent input noise current f = 1 kHz 0.Q1 pAl$. 

t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 

NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 
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LF351 
WIDE-BANDWIDTH JFET-INPUT OPERATIONAL AMPLIFIER 

Low Input Bias Current 
Typically 50 pA 

Low Input Noise Voltage 
Typically 18 nV/.JHz 

Low Input Noise Current 
Typically 0.01 pA/.JHz 

Low Supply Current ... Typically 1 ,8 mA 

High Input Impedance 
Typically 1012 0 

Low Total Harmonic Distortion 

Internally Trimmed Offset Voltaga 
Typically 10 mV 

High Slew Rate ... Typically 13 VI p's 

Wide Gain Bandwidth ... Typically 3 MHz 

Pin Compatible with Standard 741 

P, D, OR JG PACKAGE 

ITOP VIEWl 

BAL1[j8 NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 BAL2 

NC - No internal connection 

MARCH 1987 

description 

This device is a low-cost, high-speed, JFET-input operational amplifier with an internally trimmed input 
offset voltage. It requires low supply current yet maintains a large gain-bandwidth product and a fast slew 
rate, In addition, the matched high-voltage JFET input provides very low input bias and offset currents, 
It uses the same offset voltage adjustment circuits as the 741. 

The LF351 can be used in applications such as high-speed integrators, digital-to-analog converters, sample­
and-hold circuits, and many other circuits. 

The LF351 is characterized for operation from ooe to 70oe. 

symbol leach amplifier) 

IN-
>_....;(::;.6l:"OUT 

IN+ 

BAL1"":"';':"""--J 

BALZ....:...;.:......--........ 

AVAILABLE OPTIONS 

SYMBOLIZATION 
OPERATING I PACKAGE 

DEVICE SUFFIX TEMPERATURE RANGE 

LF351 I D,JG,P -O°C to 70°C 

V,OMAX 

at~5°C 

10mV 

The 0 packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (ie., LF351DR) 

PRoDUCTlol DATA '_111l1li HIIIII. I.flrmlllaft 
cllt'lllt n of ~ Ute. PntI_ conIamI II 
.HCIfIca1I ..... Il1o _ of T_ IIII"""UtI 
oIaUerd warnnty, Pnd.etton ,_ .... don HI 
_1Iy "' ...... tootIal of .11 pon_. 
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LF351 
WIDE·BANDWIDTH JFET·INPUT 'OPERA TlONALAMPLIFIER 

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

Supply voltage, Vee + ...................................................... 18 V 
Supply voltage, Vee _ .................................................... -18 V 
Differential input voltage, VID ............................................... ± 30 V. 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 15 V 
Duration of output short circuit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Unlimited 
Continuous total power dissipation .......................................... 500 mW 
Operating temperature range ............................................. OOC 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 temp~rature 1,6 mm (1/16 inch) from case for 10 seconds, D or P package . . . . . . . .. 260°C 

NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 

electrical characteristics over operating free-air temperature range, Vee + .. 15 V, Vee _ = - 15 V 
(unless otherwise specified) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIO Input offset voltage VIC = 0, RS = 10 kll 
TA - 25°C 5 10 

Full range 
mV 

13 

Average temperature coefficient 
VIC = 0, RS = 10 kll 10 "V/oC "VIO of input offset voltage 

Input offset current t 
TJ = 25°C 25 100 pA 

110 VIC = a 
TJ = 70°C 4 nA 

Input bias current t 
TJ = 25°C 50 200 pA 

liB VIC = a 
TJ = 70°C 8 nA 

-12 

VICR Common~mode input voltage range ±11 to V 

15 

VOM Maximum peak output voltage swing RL = 10 kll ±12 ± 13.5 V 

TA = 25°C 25 200 
AVO Large-signal differential voltage Va = ±10 V, RL = 2 kll 

Full range 15 200 
VlmV 

rj Input resistance TJ = 25°C 1012 Il 

CMRR Common-mode rejection ratio RS s 10 kll 70 100 dB 

kSVR Supply voltage rejection ratio See Note 2 70 100 dB 

ICC Supply current 1.8 3.4 mA 

operating characteristics, Vee + ... 15 V, Vee _ .. - 15 V, T A ... 25 °e 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

SR Slew rate 8 13 VI"s 
Bl Unity-gain bandwidth 3 MHz 

Vn Equivalent input noise voltage f = 1 kHz, RS = 100 Il 18 nV/$. 

In Equivalent input noise current f = 1 kHz 0.01 pAl$. 

t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 

NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 

TEXAS ..., 
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LF353 
WIDE·BANDWIDTH DUAL JFET·INPUT OPERATIONAL AMPLIFIER 

• Low Input Bias Current 
Typically 50 pA 

02997, MARCH 1987-REVISED MAY 1988 

D. JG, OR P PACKAGE 
ITOP VIEW) 

• Low Input Noise Current 
Typically 0.01 pA/v'Hz 

• Low Input Noise Voltage 
Typically 18 nV/v'Hz 

{
aUTOS Vcc+ 

AMP # 1 IN - 2 7 OUT} 
IN + 3 6 IN - AMP # 2 

Vcc- 4 5 IN+ 

• Low Supply Current ... Typically 3.6 mA 

• High Input Impedance 
Typically 1012 {} 

• Internally Trimmed Offset Voltage 

• Wide Gain Bandwidth • . . Typically 3 MHz 

• High Slew Rate. , . Typically 13 V/,.s 

description 

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage. 
It requires low supply current yet maintains a large gain-bandwidth product and a fast slew rate, In addition, 
the matched high-voltage JFET input provides very low input bias and offset currents. 

The LF353 can be used in applications such as high-speed integrators, digital-to-analog converters, sample­
and-hold circuits, and many other circuits. 

The LF353 is characterized for operation from DOC to 7Doe. 

symbol leach amplifier) 

IN-=t>-OUT 
IN+ + 

AVAILABLE OPTIONS 

SYMBOLIZATION 
OPERATING 

DEVICE I P:~~:'~E VIO MAX 
TEMPERATURE RANGE at 25°C 

LF353 I D,JG,P o·e to 70·e 10 mV 

The 0 packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (i.e. LP353DRI 

PRODUCTIOII DATA documents .ontoin i.formation 
•• r .. ot II of pullJicotion dota. Prod.ets .. nform to 
.....,;,iclli ... per tho terms of T .... Instruments 

=='~i':"';:'1.; =:~,:!o l.l';:=' not 

Copyright © 1987, Texas Instruments Incorporated 
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LF353 
WIDE-BANDWIDTH DUAL JFET-INPUT OPERATIONAL AMPLIFIER 

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

Supply voltage, VCC+ ...................................................... 18 V 
Supply voltage, Vee _ .................................................... -18 V 
Differential input voltage, VID ............................................... ± 30 V 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. ± 15 V 
Duration of output short circuit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Unlimited 
Continuous total power dissipation .......................................... 500 mW 
Operating temperature range .......................................... ,. ooe to 70 0 e 
Storage temperature range ......................................... - 65°C to 1 50°C 
lead temperature 1,6 mm (1/16 inch) from case for 60 seconds, JG package ............ 300 0 e 
lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, D or P package ......... 260 0 e 

NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 

electrical characteristics over operating free-air temperature range, V CC + = 15 V, V CC - = - 15 V 
(unless otherwise specified) 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

VIO Input offset voltage VIC = O. RS = 10 kll 
I TA = 25°C 5 10 

I Full range 
mV 

13 

Average temperature coefficient 
VIC = O. RS = 10 kll 10 ~V/oC "'VIO of input offset voltage 

Input offset current t 
'TJ = 25°C 25 100 'pA 

110 VIC = 0 
TJ = 70°C 4 nA 

Input bias current t 
TJ = 25°C 50 200 pA 

liB VIC = a 
TJ = 70°C 8 nA 

-12 

VICR Common-mode input voltage range ±11 to v 
15 

VOM Maximum peak output voltage swing RL = 10 kll ±12 ± 13.5 V 

AVD Large-signal differential voltage Vo = ±10 V, 
TA = 25°C 25 100 

RL = 2 kll 
Full range 15 

VlmV 

ri Input resistance TJ = 25°C 1012 Il 

CMRR Common-mode rejection ratio RS s 10 kll 70 100 dB 

kSVR Supply voltage rejection ratio See Note 2 70 100 dB 

ICC Supply current 3.6 6.5 mA 

operating characteristics, VCC+ .. 15 V, VCC- ... -15 V, TA .. 25°C 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

V01 IV02 Crosstalk attenuation f = 1 kHz 120 dB 

SR Slew rate 8 13 V/~s 

Bl Unity-gain bandwidth 3 MHz 

Vn Equivalent input noise voltage f = 1 kHz. RS = 100 Il 18 nV/$. 

In Equivalent input noise current f = 1 kHz 0.01 pAl$. 

t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 

NOTE 2: Supply voltage reiection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 

TEXAS ." 
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LF411C 
JFET-INPUT OPERATIONAL AMPLIFIER 

• Low Input Bias Current 
Typically 50 pA 

• Low Input Noise Current 
Typically 0.01 pA/..jHz 

• Low Supply Current ... Typically 2.0 mA 

• High Input Impedance 
Typically 1012 (J 

• Low Total Harmonic Distortion 

• Low 1/t Noise Corner ... Typically 50 Hz 

description 

D2997, MARCH 1987-REVISED MAY 1988 

D. JG. OR P PACKAGE 
(TOP VIEW) 

BAL1D8 NC 
IN- 2 7 VCC-
IN+ 3 6 OUT 

VCC- 4 5 BAL2 
NC - No internal connection 

This device is a low-cost. high-speed, JFET-input operational amplifier with very low input offset voltage 
and a maximum input offset voltage drift. It requires low supply current yet maintains a large gain-bandwidth 
product and a fast slew rate. In addition, the matched high-voltage JFET input provides very low input 
bias and offset currents. 

The LF411 e can be used in applications such as high-speed integrators, digital-to-analog converters, sample­
and-hold circuits, and many other circuits. 

The LF411e is characterized for operation from DOC to 7Doe. 

symbol 

IN+ (3) 

>-__ (;...6.;..) OUT 
IN- (2) 

BAll -'"(.;.;1) __ ...... 

BAl2.;.(5;.;) ___ ...... 

AVAILABLE OPTIONS 

VIO MAX 
PACKAGE 

TA 
AT 25°C 

SMALL-OUTLINE CERAMIC DIP PLASTIC DIP 
(D) (JGI (PI 

O·C 

to 2 mV lF411CD lF411CJG lF411CP 
70·C 

D package is available taped and reeled. Add "R" suffix to device type. (e.g, 
LF411CDRI 

PROOUCTION DATA du.umonts contain informatiun 
current as of publication date. Products conform to 
spacifications par the terms of Taxas Instruments 

::=~~i~8{::1~1i :~::i:; :'iD::::::~::~S not 
TEXAS • 
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LF411C 
JFET-INPUT OPERATIONAL AMPLIFIER 

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

Supply voltage, Vcc + ...................................................... 18 V 
Supply voltage, V CC _ .................................................... - 18 V 
Differential input voltage, VID ............................................... ± 30 V 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 15 V 
Duration of output short circuit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Unlimited 
Continuous total power dissipation .......................................... 500 mW 
Operating temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC 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 or P package ......... 260°C 

NOTE 1: Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 

electrical characteristics over operating free-air temperature range, Vee + = 15 V, Vee _ = - 15 V 
(unless otherwise specified) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V'a Input ollset voltage V'C = 0, RS = 10 kO, TA = 25°C 0.8 2 mV 

Average temperature coefficient 
V'C = 0, RS = 10 kO 10 20t "V/oc "'vIa of input offset voltage 

Input offset current* 
TJ = 25°C 25 100 pA ',0 VIC = 0 
TJ = 70°C 2 nA 

Input bias current+ 
TJ = 25°C 50 200 pA 

liB VIC = 0 
TJ = 70°C 4 nA 

-11.5 

VICR Common-mode input voltage range ±11 to V 

14.5 

VOM Maximum peak output voltage swing RL = 10 kO ±12 ±13.5 V 

TA = 25°C 25 200 
AVO Large-signal differential voltage Va = ±10V, RL = 2 kO 

Full range 15 200 
VlmV 

r; Input resistance TJ = 25°C 1012 !l 

CMRR Common-mode rejection ratio RS s 10 kO 70 100 dB 

kSVR Supply voltage rejection ratio See Note 2 70 100 dB 

ICC Supply current 2 3.4 rnA 

operating characteristics, Vee+ - 15 V, Vee- -15V,TA 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

SR Slew rate 8 13 VI",. 

Bl Unity-gain bandwidth 2.7 3 MHz 

Vn Equivalent input noise voltage 1= 1 kHz, RS = 1000 18 nV/$. 

In Equivalent input noise current 1= 1 kHz 0.01 pAl$. 

t At least 90% 01 the devices meet this limit lor "'via. 
t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques 

must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 
NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 
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LF412C 
DUAL JFET-INPUT OPERATIONAL AMPLIFIER 

• Low Input Bias Current 
Typically 50 pA 

02997. MARCH 1987-REVISED MAY 1988 

D, JG, OR P PACKAGE 

(TOP VIEW) 

• Low Input Noise Current 
Typically 0.01 pA/$z 

• Low Supply Current ... Typically 4.5 mA 

{OUTOB Vcc+ 
AMP # 1 IN - 2 7 OUT} 

IN + 3 6 IN - AMP # 2 

VCC- 4 5 IN+ 

• High Input Impedance 
Typically 1012 () 

• Internally Trimmed Offset Voltage 

• Wide Gain Bandwidth _ .. Typically 3 MHz 

• High Slew Rate ... Typically 13 V/p.s 

description 

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage 
and a specified maximum input offset voltage drift, It requires low supply current yet maintains a large 
gain bandwidth product and a fast slew rate. In addition, the matched high-voltage JFET input provides 
very low input bias and offset currents. 

The LF412C can be used in applications such as high-speed integrators, digital-to-analog converters, sample­
and-hold circuits, and many other circuits. 

The LF412C is characterized for operation from OOC to 70°C. 

symbol (each amplifier) 

IN-=f>-OUT 
IN+ + 

AVAILABLE OPTIONS 

SYMBOLIZATION 
OPERATING VIO MAX 

DEVICE I P:~~:'~E TEMPERATURE RANGE at 25°C 

LF412C I D,JG,P OOC to 70°C 3 mV 

The 0 packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (i.e. LF412CDRI 

Copyright © 1987, Texas Instruments Incorporated 
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LF412C 
DUAL JFET·INPUT OPERATIONAL AMPLIFIER 

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

Supply voltage, Vcc + ...................................................... 18 V 
Supply voltage, VCC _ ............................................... ,.... -18 V 
Differential input voltage, VID ............................................... ± 30 V 
Input voltage (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 1 5 V 
Duration of output short circuit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Unlimited 
Continuous total power dissipation .......................................... 500 mW 
Operating temperature range ............................................ ooC 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, 0 or P package ......... 260°C 

NOTE 1: Unless otherwise specified. the absolute maximum negative input voltage is equal to the negative power supply voltage. 

electrical characteristics over operating free-air temperature range, Vee + = 15 V, Vee - .. -15 V 
(unless otherwise specified) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

via Input offset voltage VIC = 0, RS = 10 kG, TA = 25°C 1 3 mV 

Average temperature coefficient 
VIC = 0, RS = 10 kG 10 20t ~V/oc "'via of input offset voltage 

Input offset current* 
TJ = 25°C 25 100 pA 

110 VIC = 0, See Note 3 
TJ = 70°C 2 nA 

Input bias current* 
TJ = 25°C 50 200 pA 

liB VIC = 0, See Note 3 
TJ = 70°C 4 nA 

-'11.5 

VICR Common-mode input voltage range ±11 to V 

14.5 

YOM Maximum peak output voltage swing RL - 10 kG ±12 ±13.5 V 

ITA = 25°C 25 200 
AVO Large-signal differential voltage Va = ±10V, RL = 2 kG 

I Full range 15 200 
V/mV 

ri Input resistance TJ = 26°C 1012 G 

CMRR Common-mode rejection ratio RS s 10 kG 70 100 dB 

kSVR SURPly voltage rejection ratio See Note 2 70 100 dB 

ICC Supply current 4.5 6.B mA 

operating characteristics. Vee+ - 15 V. Vee- - -15 V. TA - 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V01 IV02 Crosstalk attenuation f = 1 kHz 120 dB 

SR Slew rate 8 13 V/",s 

B1 Unity-gain bandwidth 2.7 3 MHz 

Vn Equivalent input noise voltage f = 1 kHz, RS=100G 18 nV/$. 

In Equivalent input noise current f = 1 kHz 0.01 pAl$. 

t At least 90% of the davices meet this limit for "'Via, 
~ Input bias currents of a FET-input operational amplifier are normal junction reverse currents. which are temperature sensitive. Pulse techniques 

must be used that will maintain the junction temperatures as close to the ambient temperature as possible. 
NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously. 
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LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

• Low Input Currents 

• Low Input Offset Parameters 

• Frequency and Transient Response 
Characteristics Adjustable 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

• No Latch-Up 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Same Pin AsSignments as uA709 

• Designed to be Interchangeable with 
National Semiconductor LM1 01 A and 
LM301A 

description 

The LM101A, LM201A, and LM301A are high­
performance operational amplifiers featuring very 
low input bias current and input offset voltage 
and current to improve the accuracy of high­
impedance circuits using these devices, The 
high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal 
for voltage-follower applications. The devices are 
protected to withstand short circuits at the 
output. The external compensation of these 
amplifiers allows the changing of the frequency 
response (when the closed-loop gain is greater 
than unity) for applications requiring wider 
bandwidth or higher slew rate. A potentiometer 
may be connected between the offset-null Inputs 
(N1 and N2), as shown in Figure 7, to null outthe 
offset voltage. 

The LM101A is characterized for operation over 
the full military temperature range of -55°C 
to 125°C, the LM201 A is characterized for 
operation from -25°C to 85°C, and the LM301A 
is characterized for operation from O°C to 70°C. 

symbol 

NON INVERTING 
INPUT IN+ 

INVERTING 

>---OUTPUT 

0961, OCTOBER 1979-REVISEO JUNE 19BB 

D,JG,OR P 
(TOP VIEW) 

N1/COMP[]S COMP 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 OFFSeT N2 

LM101A 
W FLAT PACKAGE 

(TOP VIEW) 

NC NC 
NC NC 

N1/COMP COMP 
IN- vcc+ 
IN+ OUT 

VCC- OFFSeT N2 
NC NC 

LM101A 
U FLAT PACKAGE 

(TOP VIEW) 

NC 
N1/COMP 

IN­
IN+ 

VCC- ...... __ .r-

LM101A 

NC 
COMP 

VCC+ 
OUT 
OFFSeT N2 

FK CHIP-CARRIER PACKAGE 

NC 4 

IN- 5 

NC 6 

IN+ 7 

NC S 

(TOP VIEW) 

0.. 
;:i; 
o 0.. 

u~u~u 
ZZZUZ 

3 2 I 2019 

9 10 II 1213 

IS 
17 

16 

15 

14 

NC 

VCC+ 
NC 
OUT 
NC 

INPUT IN- NC- No internal connection 

N1/ N2 
COMP 

PRODUCTION DATA documanls .ontsin informalion 
currant ... 1 publicatio. date. Products ••• Ior .. 10 
spacifications par the tarms of Taxal Instruments 
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LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

AVAILABLE OPTIONS 

PACKAGE 

TA VIOMAX SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP FLAT PACK FLAT PACK 
at 25'C 

(D) (FK) (JG) (P) (U) (W) 

O'Cto 70'C 7.5mV LM301AD - LM301AJG LM301AP - -
-25'C to 85'C 2mV LM201AD - LM201AJG LM201AP - -
-55'C to 125'C 2mV - LM101AFK LM101AJG - LM101AU LM101AW 

The D package IS available taped and reeled. Add the suffix R to the device type. (I.e., LM301ADR) 

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

LM101A LM201A LM301A UNIT 

Supply voltage VCC+ (see Note 1) 22 22 18 V 

Supply voltage VCC- (see Note 1) -22 -22 -18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (either input, see Notes 1 and 3) ±15 ±15 ±15 V 

Voltage between either offset null terminal (Nl/N2) and VCC- -0.5t02 -0.5 to 2 -0.5 to 2 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 -55 to 125 -25 to a5 Oto 70 'c 
Storage temperature range -65 to 150 -65 to 150 -65 to 150 'c 
Case temperature for 60 seconds: FK package 260 'C 

Lead temperature 1,6 mm (1/16 inch) from case JG, U, or W package 300 
for 60 seconds 

300 300 'C 

Lead temperature 1,6 mm (1/16 inch) from case D or P package 
for 10 seconds 

260 260 'c 

(I) NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-. 

2-14 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
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. Forthe LM101A only, the unlimited duration olthe short-circuit applies 

at (or below) 125'C case temperature or 75'C free-air temperature. For the LM201 A only, the unlimited duration of the short-circuit 
applies at (or below) 85'C case temperature or 75'C free-air temperature. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25'C DERATING DERATE TA = 70'C TA = 85'C TA = 125'C 

POWER RATING FACTOR ABOVETA POWER RATING POWER RATING POWER RATING 

D 500mW 5.8mWI'C 64'C 464mW 377mW N/A 

FK 500mW 11.0mWI'C 105'C 500mW 500mW 275mW 

JG (LM101A) 500mW 8.4mWI'C 90'C 500mW 500mW 210mW 

JG (LM201A, 500mW 6.6mWI'C 74'C 500mW 429mW N/A 
LM301A) 

P 500mW N/A NiA 500mW 500mW N/A 

U 500mW 5.4 mWI'C 57'C 432mW 351 mW 135mW 

W 500mW 8.0mWI'C a7'C 500mW 500mW 200mW 
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LM1 01 A, LM201 A, LM301 A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Cc = 30 pF (see Note 5) 

TEST CONDITIONSt 
LM101A, LM201A LM301A 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage 
25'C 0.6 2 2 7.5 

Vo = OV 
Full range 

mV 
3 10 

Average temperature 

"VIO coefficient of input Vo =OV Full range 3 15 6 30 IlVrc 

offset voltage 

110 Input offset current 
25'C 1.5 10 3 50 

nA 
Full range 20 70 

TA - -55'C to 25'C 0.02 0.2 
Average temperature TA - 25'C to MAX 0.01 0.1 

"110 coefficient of input 
TA = O'C to 25'C 0.02 0.6 

nA/"C 
offset current 

TA - 25'C to 70'C 0.01 0.3 

liB Input bias current 
25'C 30 75 70 250 

nA 
Full range 100 300 

VICR 
Common-mode 

See Note 6 
input voltage range 

Full range ±15 ±12 V 

VCC± = ±15V, 25'C 24 28 24 28 

VOpp Maximum peak-to-peak RL=10kll Full range 24 24 
V 

output voltage swing VCC± - ±15V, 25'C 20 26 20 26 

RL = 2 kll Full range 20 20 

VCC± = ±15V, 25'C 50 200 25 200 

AVO 
Large-signal differential 

Vo = ±10V, V/mV 
voltage amplification 

RL;': 2 kll Full range 25 15 

ri Input resistance 25'C 1.5 4 0.5 2 Mll 

CMRR 
Common-mode 

VIC = VICR min 
25'C 80 98 70 90 

dB 
rejection ratio Full range 80 70 

kSVR 
Supply voltage rejection ratio 25'C 80 98 70 96 

dB 
(<\. VCC/<\. VIO) Full range 80 70 

ICC Supply current 
No load, Vo - 0, 25'C 1.8 3 1.8 3 

rnA 
See Note 6 MAX 1.2 2.5 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for 
LM101A is -55'C to 125'C, for LM201A is -25'C to 85'C, and for LM301A is O'C to 70'C. 

NOTES: 5. Unless otherwise noted, VCC± = ±5 V to ±20 V for LM101A and LM201A, and VCC± = ±5 V to ±15 V for LM301A. All typical 
values are at VCC± = ± 15 V. 

6. For LM101A and LM201A, VCC± = ±2Q V. For LM301A, VCC± = ±15 V. 
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LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

VCC±-±15 v 

."" I"" LM301A 

'\.. 
";-.... 

1 LMlb,A- "",. --=:; 
lM201A 

0 
-76 -50 -25 0 26 50 75 100 125 

TA-Frae-Air remperatura-oC 

~400 

i 200 

I 100 

" I ! 40 

t ~ 
~ 10 

FIGURE 1 

OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 

VOLTAGE AMPLIFICATION 
vs 

SUPPLY VOLTAGE 

RL =2 kO 
TA = 25"C 1/ I---"" 

V 
V- I 

1 

LM301A ~I 

LM101A ~ rr 
o 2 4 6 8 10 12 14 16 18 ~ 

I VCC± I-Supply Voltaga-V 

FIGURE 4 

TYPICAL CHARACTERISTICS 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 
100 

vee'. -.lsv 
\ 

\. \. LM301A 

'\ "-
1"'-

- - r-~Ml01~ 
lM201A t--

o 
-75 --50 -25 0 25 50 75 100 125 
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FIGURE2 

OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 

VOLTAGE AMPLIFICATION 

107 

~ 10& 
.~ 
li 105 
~ :.,04 
.Ii 
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I:: 
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10-1 

r-... 
~ 

vs 
FREQUENCY 

VCC±=±15 V 
RL=21dl 
CC- 30 pF 
TA=26°C 

"\ 

'" '" ~ 1\ 
1 10 100 lk 10kl00klMl0Ml0DM 
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FIGURE 5 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE (WITH 

SINGLE-POLE COMPENSATION) 
vs FREQUENCY 

VCC± = ±1S v, 
AL-l0kn 
TA"~C 

1\ \fC =1~I~r 
Cc-I~t r'JJ111111 

11111111 JII11ll. 
10k TOOk 1M 10M 

f-Frequency-Hz 

FIGURE 3 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

VCC±=±lS v 

- -,++-, 
Rt = 2 kO 
CL = 100 pF 
CC- 30 pF 

I 
OUTPUT I TA = 25°C 

/ 
I 

\ I 

II INPUT: \ 
I 
I 

I-
L __ -_\'_1-

o 10 20 30 40 50 60 70 80 90 

t-Time-Ils 

FIGURE 6 

TYPICAL APPLICATION DATA 

~ .. -!!! 
VI Rl 

R1 "30pF 
cc~~ 

R1'R2 
R3~ 

FIGURE 7_ INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 
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lM107,lM207,LM307 
HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

• low Input Currents 

• No Frequency Compensation Required 

• low Input Offset Parameters 

• Short-Circuit Protection 

• No latch-Up 

• Wide Common-Mode and Differential 
Voltage Ranges 

description 

The lM107, LM207, and LM307 are high­
performance operational amplifiers featuring very 
low input bias current and input offset voltage 
and current to improve the accuracy of high­
impedance circuits using these devices. 

The high common-mode input voltage range and 
the absence of latch-up make these amplifiers 
ideal for voltage follower applications. The 
devices are short-circuit protected and the 
internal frequency compensation ensures 
stability without external components. 

The LM107 is characterized for operation over 
the full military temperature range of -55°C 
to 125°C, the LM207 is characterized for 
operation from -25°e to 85°e, and the LM307 is 
characterized for operation from ooe to 70oe. 

symbol 

NONINVERTING=1>-
INPUTIN+ + 

OUTPUT 
INVERTING _ 

INPUT IN-

AVAILABLE OPTIONS 

D9tl2, DECEMBER 1970-REVISED JUNE 1988 

LM107 •.. J OR W PACKAGE 

(TOP VIEW) 

NC NC 
NC NC 
NC NC 

IN- VCC+ 
IN+ OUT 

VCC- NC 
NC NC 

LM107 ••. JG PACKAGE 
LM207, LM307 .•. D, JG, OR P PACKAGE 

(TOP VIEW) 

NCU8 NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 NC 

LM107 ••. U FLAT PACKAGE 

(TOP VIEW) 

NC .1 NC 
NC 2 CaMP 

IN- 3 VCC+ 
IN+ 4 OUT 

VCC- 5 NC 

NC - No internal connection 

VIO PACKAGE 

TA MAX SMALL OUTLINE CERAMIC CERAMIC DIP PLASTIC DIP FLAT PACK FLAT PACK 
81 25'C (D) (J) (JG) (P) (U) (W) 

O'C 

to 7.5 mV LM307D - LM307JG LM307P - -
70'C 

-25'C 

to 2mV LM207D - LM207JG LM207P - -
85'C 

-55'C 

to 2mV - LM107J LM107JG - LM107U LM107W 

125'C 

The 0 package is available taped and reeled. Add the suffix R to the device type when ordering. (e.g" LM307DR) 

Copyright © 1984. Texas Instruments Incorporated 
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LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

LM107 LM207 LM307 UNIT 

Supply voltage VCC+ (see Note 1) 22 22 18 V 
Supply voltage VCC- (see Note 1) -22 -22 -18 V 
Differential input voltage (see Note 2) :t30 :t30 :t30 V 
Input voltage (either input, see Notes 1 and 3) :t15 :t15 :tIS V 
Duration of output short-circuit (see Note 4) unlimned unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range 55 to 125 25 to 85 Ot070 'c 
Storage temperature range -65 to 150 -65 to 150 -65 to 150 'C 

Lead temperature 1,6 mm (1/16 Inch) from case for 60 seconds: J, JG, U, or 300 300 300 'c 
W package 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds: D or P 260 260 'c 
package 

o NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-. 
'C 2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
CD 3. The magnitude of the input voltage must never exceed the magnnude of the supply voltage or 15 V, whichever is less. 
.. 4. The output may be shorted to ground or e~her power supply. For the LM1 07 only, the unlimited duration olthe short-circuit applies 
~ at (or below) 125'C case temperature or 75'C free-air temperature. For the LM207 only, the unlimited duration of the short-circuit 
O· applies at (or below) 85'C case temperature or 75'C free-air temperature. 

:J 
!. 
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PACKAGE 

D 

J (LM107) 

JG (LM107) 

JG (LM207, 
LM307) 

P 

U 
W 

TAS 25'C 

POWER RATING 

500mW 

500mW 

500mW 

500mW 

500mW 

500mW 

500mW 

DISSIPATION RATING TABLE 

DERATING DERATE TA = 70'C TA = 85'C TA = 125'C 

FACTOR ABOVETA POWER RATING POWER RATING POWER RATING 

5.8mWrC 64°C 464mW 377mW 

11.0 mWrC 105'C 500mW 500mW 275mW 

8.4mWrC 9O'C 500mW 500mW 210mW 

6.6mWrC 74'C 500mW 429mW 

N/A N/A 500mW 500mW 

5.4mWrC 57°C 432mW 351 mW 135mW 

8.0mWrC 87'C 500mW 500mW 200mW 
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LM1 07, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature (see Note 5) 

TEST CONOITIONSt 
LMl07, LM207 LM307 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

2S·C 0.6 2 2 7.5 
mV Via Input offset voltage VO= 0 

Full range 3 10 

Average temperature 

aVIO coefficient of Va = 0 Full range 3 lS 6 30 IJ,Vrc 

input offset voltage 

Input offset current 
2S·C 1.S 10 3 SO 

nA 110 Va = 0 
Full range 20 70 

TA - -SS·C to 2S·C 0.02 0.2 
Average temperature TA = 2S·Cto MAX 0.Q1 0.1 

alia coefficient of 
TA - O·C to 2S·C 0.02 0.6 

nArC 
input offset current 

TA - 2S·C to 70·C 0.Q1 0.3 

2S·C 30 7S 70 2S0 
liB Input bias current nA 

Full range 100 300 

VICR 
Common-mode 

input voltage range 
See Note 6 Full range ±IS ±12 V 

VCC± - ±ISV, 2S·C 24 28 24 28 

Maximum peak-to-peak RL= 10kO Full range 24 24 
VOpp V 

output voltage swing VCC± = ±ISV, 2S·C 20 26 20 26 

RL = 2 kO Full range 20 20 

VCC± = ±ISV, 
2S·C SO 200 2S 200 

AVO 
Large-signal differential Va = ±10V, V/mV 
voltage amplification 

RL ;;, 2 kO Full range 2S lS 

r; Input resistance 2S·C 1.S 4 O.S 2 MO 

Common-mode 2S·C 80 98 70 90 
dB CMRR 

rejection ratio 
VIC = VICR min 

Full range 80 70 

Supply voltage 
2S·C 80 98 70 96 

kSVR rejection ratio dB 

(a VCc/a Via) Full range 80 70 

No load, 2S·C 1.8 3 1.8 3 

ICC Supply current Va = 0, mA 

See Note 6 MAX 1.2 2.S 

.. 
t All characteristics are measured under open-loop conditions With zero common-mode Input voltage unless otherwise specified. Full range for 

LM107 is -SS·C to 12S·C, for LM207 is -2S·C to 8S·C, and for LM307 is O·C to 70·C. 
NOTES: 5. Unless otherwise noted VCC± = ±S V to ±20 V for LMI 07 and LM207, and VCC± = ±S Vto ±IS V for LM307. All typical values are 

atVcc± = ±ISV. 
6. For LM107 and LM207, VCC± = ±20 V. For LM307, VCC± = ±lS V. 
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• Input Offset Current .•• 200 pA Max at 25°C 
for LM108, LM108A 

• Input Bias Current •.• 2 nA Max at 25°C for 
LM108, LM108A 

• Supply Current ••. 600 ILA Max at 25°C for 
LM108, LM108A 

• Input Offset Voltage •.• 500 ILV Max at 25°C 
for LM108A, LM308A 

• Offset Voltage Temperature Coefficient ••• 
5 ILV/oC Max for LM108A, LM308A 

• Supply Voltage Range •.• ± 2 V to ± 18 V 

• Applications: 
Integrators 
Transducer Amplifiers 
Analog Memories 
Light Meters 

• Designed To Be Interchangeable with 
National LM108 Series and Linear 
Technology LM108 Series 

description 

The LM108 series of precision operational 
amplifiers is particularly well-suited for high­
source-impedance applications requiring low 
input offset and bias currents as well as low 
power dissipation. Unlike FET input amplifiers, 
the input offset and bias currents of the LM108 

symbol 

LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 

02808, OCTOBER 1983 - REVISED MARCH 1989 

P PACKAGE 
(TOP VIEW} 

COMP1 DB COMP2 
IN- 2 7 VCC+ 
IN + 3 6 OUT 

VCC- 4 5 NC 

L PACKAGE 

(TOP VIEW) 

COMP2 

NC - No internal connection 
Pin 4 (L package) is in electrical contact 
with the case. 

IN+=;:-
IN- -

COMP2 
COMP1 

OUT 

series do not vary significantly with temperature. Advanced design, processing, and testing techniques make 
this series a superior choice over previous devices. For applications requiring higher performance, see the 
LT1008 and LT1012. 

The LM108 and LM108A are characterized for operation over the full military temperature range of -55°C to 
125°e. The LM308 and LM308A are characterized for operation from O°C to 70oe. 

AVAILABLE OPTIONS 

VIOmax 
pACKAGE 

TA METAL CAN PLASTIC DIP 
AT2SoC 

(L) (P) 
O·C 0.5 mV LM308AL LM308AP 
to 

7.5 mV 70·C LM308L LM308P 
55·C 0.5 mV LM108AL LM108AP 
to 

2mV 125·C LM108L LM108P 

Copyright © 1989, Texas Instruments Incorporated 
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lM108, lM108A, lM308, lM308A 
OPERATIONAL AMPLIFIERS 

schematic 

COMP1 COMP2 

HH~_-OUT 

IN-

IN+--+--~>-/ 

~-~--~~~--~~---'----+----VCC-

All resistor values shown are nominal and in ohms. 

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

Supply voltage, VCC+ (see Note 1): LM108, LM108A ...................................... 20 V 
LM308, LM308A ...................................... 18 V 

Supply voltage, VCC- (see Note 1): LM108, LM108A ..................................... -20 V 
LM308, LM308A ..................................... -18 V 

Input voltage range, VI (see Note 2) ................................................... ±15 V 
Differential input current (see Notes 3 and 4) ........................................... ±10 mA 
Duration of output short-circuit at (or below) 25°C (see Note 5) ............................ unlimited 
Operating free-air temperature, T A: LM108, LM108A .............................. -55°C to 125°C 

LM308, LM308A ................................. 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: L package ................... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ................... 260°C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-' 
2. The magnitude of the input voltage must never exceed the magnit4de of the supply voltage or 15 V, whichever is less. 
3. The inputs are shunted with two opposite-facing base-emitter diodes for over-vo~age protection. Therefore, excessive current will 

flow if a differential input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used. 
4. Differential voltages are at the nonimierting input terminal with respect to the inverting input terminal. 
5. The output may be shorted to ground or either power supply. 
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LM108, LM108A 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Vcc± = ±5 V to ±20 V (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
LM10BA LM10B 

MIN TYP MAX MIN TYP MAX 
UNIT 

VIO Input offset voltage RS = 500 
25°C 0.3 0.5 0.7 2 

Full range 
mV 

1 3 

aVIO 
Temperature coefficient 

of input offset voltage 
Full range 1 5 3 15 ~VI"C 

110 Input offset current 
25°C 0.05 0.2 0.05 0.2 

nA 
Full range 0.4 0.4 

aliO 
Temperature coefficient 

of input offset current 
Full range 0.5 2.5 0.5 2.5 pArc 

liB Input bias current 
25°C 0.5 2 0.5 2 

Full range 3 3 
nA 

VICR 
Common-mode input 

VCC± = ±15 V Full range ±13.5 ±13.5 V 
voltage range 

VOM 
Maximum peak output VCC± = ±15 V, 

Full range ±13 ±13 V 
voltage swing RL = 10kQ 

AVD 
Large-signal differential VCC± - ±15 V, 25°C 80 300 50 300 

V/mV 
voltage amplification Vo = ±10 V, RL <: 10 kQ Full range 40 25 

r; Input resistance 25°C 30 70 30 70 MO 

CMRR 
Common-mode 

rejection ratio 
Full range 96 85 dB 

kSVR 
Supply-voltage rejection 

Full range 96 80 dB 
ratio (l>.VCC± I l>.VIO) 

ICC Supply current 
25°C 0.3 0.6 0.3 0.6 

125°C 0.15 0.4 0.15 
mA 

0.4 

tFull range is -55°C to 125°C. 
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LM308, LM308A 
OPERATIONAL AMPLIFIERS 

electrical characterisUcs at specified free-air temperature, VCC± = ±5 V to ±15 V (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
LM308A, LM308 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage RS = 500 
25°C 0.3 0.5 2 7.5 

mV 
Full range 0.73 to 

"'VIO 
Temperature coefficient 

of input offset voltage 
Full range 2 5 6 30 IlV/oC 

110 Input offset current 
25°C 0.2 1 0.2 1 

Full range 1.5 
nA 

1.5 

"'110 
Temperature coefficient 

of input offset current 
Full range 2 10 2 10 pAloC 

liB Input bias current 
25°C 1.5 7 1.5 7 

Full range 10 
nA 

10 

VICR 
Common-mode input 

VCC± = ±15 V Full range ±14 ±14 V 
voltage range 

YOM 
Maximum peak output VCC± = ±15 V, 

Full range ±13 ±13 V 
voltage swing RL=10kO 

AVO 
Large-signal differential VCC± = ±15 V, 25°C 80 300 25 300 
voltage amplification VO=±10V,RL ,,10kO Full range 60 15 

V/mV 

ri Input resistance 25°C 10 40 10 40 MO 

CMRR 
Common-mode 

rejection ratio 
Full range 96 80 dB 

kSVR 
Supply-voltage rejection 

Full range 96 80 dB 
ratio ("'VCC± I ",VIO) 

ICC Supply current 25°C 0.3 0.8 0.3 0.8 mA 

tFull range is O°C to 70°C. 
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lM108, lM108A, lM308, lM308A 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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TA = 25°C 

/ 

V 

./ 

.... 
LM108 t:o"" 
LM308A 

F - LM108A 

I111111 

0.1 
0.1 

IIIIII 
0.4 4 10 40 100 

2 

'E 1.5 

~ a 
,m 
ID 0.5 
I 
.5 

o 
c 
~ 0.15 

~ :s 0.1 
U 

10.05 

o 

RS - Source Resistance - MQ 

FIGURE 1 

LM108, LM108A 
INPUT BIAS and OFFSET CURRENTS 

vs 
FREE-AIR TEMPERATURE 
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FIGURE 3 
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VCC± = ±15V 
TA = MINto MAX 
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I 1..-'1-' 
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FIGURE 2 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

40 
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~ 
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VCC± - Supply Voltage - V 

FIGURE 4 

tData above 70·e, below o·e, or from Vee± = ±1B V to ±20 V are applicable to LM10B and LM10BA devices only. 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

MAXIMUM PEAK OUTPUT VOLTAGE SWING 
vs 

±16 
> 
I 

g> ±14 

~ 

f ::: 
}u o 

"0 0..= (\) ±6 
.. E 
I» ::s 
.... E ±4 o· I 
:l I ±2 
!!. :;; 

~ o 
1 k 

\ 
I 

\ 

FREQUENCY 

VCC± = ±lS V 
TA = 25·C 
See Figure 13 

\ 
C,=30pF C,=3pF 

1\ \ 
\ 

"- .......... ........... 
10k lOOk 1M 
f - Frequency - Hz 

FIGURES 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

m 
" I 

120 

0:: 11S 

t 110 

SUPPLY VOLTAGE 

-TA=25·C 

MAXIMUM PEAK OUTPUT VOLTAGE SWING 
vs 

> ±lS 
I 

g> 
'j ±12.S 
til 

>
!o& 

±10 

i o ±7.S 

I 
§ ±S 
E 

I ±2.S 
I 

~ o 

OUTPUT CURRENT 

....... - TA = -SS·C 

~ ~ ............. 

TA = 12S·C \ 
TA=25·C \ 1\ 

1 

vcc± = ±lSV 

o ±1 ±2 ±3 ±4 ±S ±6 ±7 ±8 ±9 
10 - Output Current - rnA 

FIGURE 6 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE DELAY 

vs 
FREQUENCY 

120 ..--,.......-..--..--.,........;....,.....-....... --.195· 
m 

" I 100 
0:: 
0 

1ii 
~ 80 13S· ... 
E ~ 

~ --;:A = -SS·C 
-< 60 .. 1--I--+~-ct~"'-+-4-h~--Il05· c!: ~ 

i lOS 

....----- TA = 125·C 

/ 
~ 

~ 100 
I! 
:!l 
is 
I 9S 
Q 

~ 
90 

±5 H.S ±10 ±12.S ±lS ±17.S ±2O 
VCC± - Supply Voltage - V 

FIGURE 7 

I 
~ 40 

~ 
I! 20 

~ 
I 0 
Q 

~ 
-20 

1 

Vcc± = ±lSV 
TA = 2S·C 
See Figure 13 

75· 

10 100 1 k 10k lOOk 1 M 10M 
f - Frequency - Hz 

FIGURES 

toata above 70·C, below O·C, or from VCC± = ±1"8 V to "±20 V are applicable to LM108 and LM108A devices only. 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

SUPPLY VOLTAGE REJECTION RATIO 
vs 

FREQUENCY 
120 ....----.--....... --...,...--...,....-----. 

VCC:I: = :1:15 V 

\-----"'...,-t----,<-+--+--_+_ AV = 1 

1000 

100 
a 
I 

8 c .. 10 

I s 

CLOSED-LOOP OUTPUT IMPEDANCE 
vs 

FREQUENCY 

AV = 1000 L. 7 
Cf=30 PY / / 

VAV=~ AV=1 

~ I 
Cf = 0 Cf = 30pF 

V fI 
II) 

J 
j 
~ 40 '5 

~ 
/ .. 

CD 
!E 
C. 
E 
<t 

J 20~--1--_t-~~~~~~__i 0 

0 
N / VCC:I: = :1:15 V 

I 

J 

~ 
> c 
I .. 
'" ! 
0 
> .. 
-6 
Z 
'5 
"-
.5 
1: 
.!! 
~ 
·S 
cr 
W 
I 

.:f 

0.1 
/ 

-....-" 

-2O~--~--~~--~--~~--~ 

10= :l:1mA 
TA = 2SoC 
See Figure 13 ca 

r:: 
100 1k 10k 100k 1M 10M 

0.01 
10 100 1 k 10 k 100 k 1 M 10M 0 

1000 

400 

100 

40 

10 
10 

f.- Frequency - Hz 

FIGURE 9 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 
10 

VCC:I: = :l:15V 
TA = 2SOC 8 

> 6 

I .. 4 
RS=1MO 

11111111 

'" ~ 2 

'5 0 So 
RS=1ookO " 0 -2 ... 

c .. 
'5 -4 
"-

~~ ~I~I 
.5 

-6 

1111111 

-8 

-10 
100 1k 10k 100k 

f - Frequency - Hz 

FIGURE 11 
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FIGURE 10 

VOLTAGE FOLLOWER 
PULSE RESPONSE 

VCC:I: = :l:1SV 
Cf= 30pF 

TA = 25°C 

S -- --

:\ I L INPUT I 

1\ I / I 

-,-

I :1 OUTPUT I 

I \ ,I I 

\ -

-

o 20 40 ~ ~ 1OO12O~1~1~ 
t-Time-Ils 

FIGURE 12 
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LM10B, LM10BA, LM30B, LM30BA 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

frequency compensation 

Figure 13 shows the frequency compensation circuits for standard compensation, alternate-compensation, and 
feed-forward compensation. The alternate compensation circuit improves supply voltage rejection by a factor 
often. 

IN- -'II~r--'IIW----' 
R1 R2 

Cf 
(aeeNomA) 

(a) STANDARD 

OUT 

IN- -'IIR""l ....... -""R""2 --, 

(b) ALTERNATE 

C2 
5pF 

(e) FEED-FORWARD 

NOTES: A. CI ~ R1CO/(Rl + R2), Co • 30 pF, bandwidth and slew rate are proportional to l/Cj. 
B. Bandwidth and slew rate are proportional to l/Cs' 

FIGURE 13. FREQUENCY COMPENSATION CIRCUITS 

OUT 

input guarding COMP2 

vcc+ I COMP1 

2-28 

Input guarding is used to reduce surface leakage 
(see Figure 14). Both sides of the board must be 
guarded. Bulk leakage reduction is less than 
surface leakage reduction and depends on the 
guard-ring width. The guard ring is connected to a 
low-impedance point at the same potential as the 
sensitive input leads. Connections for various op­
amp configurations are shown in Figure 15. 

OUT 

R3 

OUT,'7 8 1/ 

~i~ GU~ 
FIGURE 14. INPUT GUARDING 

~ OUT r:$.2 .~ 
IN + LM108 

(a) INVERTING (b) FOLLOWER (e) NONINVERTING 

FIGURE 15. GUARD RING CONNECTIONS FOR VARIOUS OP AMP CONFIGURATIONS 
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Input protection 

LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

Current is limited by R2 even when the input is connected to a voltage source outside the common-mode range 
[see Figure 16(a)]. If one supply reverses, current is controlled by R1. These resistors do not affect normal 
operation. The input resistor controls the current when the input exceeds the supply voltages, when the power 
for the op amp is turned off, or when the output is shorted [see Figure 16(b)). 

IN --1I>---_-'lRM3----, 

OUT 

OUT 
IN 

(a) CURRENT LIMITED BY Rl OR R2 (b) CURRENT LIMITED BY Rl 

FIGURE 16. INPUT PROTECTION 

Input offset voltage testing 

The test circuit for input offset voltage is shown in Figure 17. This circuit is also used as the burn-in configuration 
with supply voltages equal to ±20 V, R1 = R3 = 10 kn, R2 = 200 n, AV = 100: 

R2 
l00e 

R3 
SOlen 

Rl 
SOlen 

Vo = 1000VIO 

NOTE A: Resistors must have low thermoelectric potential. 

FIGURE 17. TEST CIRCUIT FOR INPUT OFFSET VOLTAGE 

II 
tI) ... 
Q) 

!E 
Q. 
E « 
ca 
c o 

'';:: 

! 
Q) 
c. o 
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LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

IN -----\Mr-l.;~--==TI=~;jRESET 

Y'--....... +-OUT 

Q3 

NOTE A: 01 and 03 should not have internal 
gate-protection diodes. 

FIGURE 18. LOW-DRIFT INTEGRATOR 
WITH RESET 

NOTE A: R2> Rl, R2» R3, 
AV = R2(R3 + R4)/RI R3. 

FIGURE 20. INVERTING AMPLIFIER 
WITH HIGH INPUT RESISTANCE 

NOTES: A. Teflon, polyethylene, or poly­
carbonate dielectric capacitor. 

OUT 

B. Worst case drift is less than 2.S mV/s. 

FIGURE 22. SAMPLE-AND·HOLD 
AMPLIFIER 

t" 
100 lin 

R1 
100 lin 

t" R2 
L1_00_IIn_. 102 Iill 

R3 
SMO 

OUT 

NOTE A: Rl = R2R3/(R2 + R3). 

FIGURE 19. AMPLIFIER FOR 
BRIDGE TRANSDUCERS 

r--.----~~OUT 

R1 
11MO 

T TRANSDUCER 

FIGURE 21. AMPLlFI~R FOR 
PIEZOELECTRIC TRANSDUCERS 

VI R1 
2MQ 
1% 

R1 

~:O '"--""R4"'",--IO 
1MQ 
1%. 

NOTE A: 10 = (R3)VI/RI RS 
R3 = R4+RS 
Rl = R2 

FIGURE 23. BILATERAL 
CURRENT SOURCE 
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R1 
5Ma 

2 1% 

LM108, LM108A, LM308, LM308A 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

OUT ~ - 6 Vo = 10 VillA 
S1 3 + 8 LM108 
R2 C1 

5~~ rOOPF 

FIGURE 24. AMPLIFIER FOR 
PHOTODIODE SENSOR 

NOTE A: R1 = R4, R2 = R3,AV = 1 + R1/R2 

FIGURE 25. DIFFERENTIAL-INPUT 
INSTRUMENTATION AMPLIFIER 

C5 
(see Note A) 

IN .....,R.;;.,S_>------............... _ 

R1 
150 kn ta---H-:""--

OUT 

NOTES: A. C5 = 6 x W- 8/Rf 
B. Power bandwidth = 250 kHz 
C. Small-signal bandwidth = 3.5 MHz 
D. Slew Rate = 10V/I1S 
E. The LM101 increases speed, raises high­

and low-frequency gain, increases output 
drive capability, and eliminates thermal 
feedback. 

FIGURE 26. FAST SUMMING AMPLIFIER 

U) ... 
Q) 

!E 
c.. 
E 

or:( 

C6 
c 
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Q) 
Q, 

o 
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• Wide Range of Supply Voltages: 
Single Supply ... 3 V to 30 V 

ILM2902 ... 3 V to 26 VI, 
or Dual Supplies 

• Low Supply Current Drain Independent of 
Supply Voltage ... 0.8 mA Typ 

• Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 

• Low Input Bias and Offset Parameters: 
Input Offset Voltage ... 3 mV Typ 

A Versions ... 2 mV Typ 
Input Offset Current ... 2 nA Typ 
Input Bias Current ... 20 nA Typ 

A Versions ... 15 nA Typ 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ... 32 V 
126 V for LM29021 

• Open-Loop Differential Voltage 
Amplification ... 100 V/mV Typ 

• Internal Frequency Compensation 

description 

These devices consist of four independent, high­
gain frequency-compensated operational 
amplifiers that were designed specifically to 
operate from a single supply over a wide range 
of voltages. Operation from split supplies is also 
possible so long as the difference between the 
two supplies is 3 V to 30 V Ifor the LM2902, 
3 V to 26 V), and Pin 4 is at least 1.5 V more 
positive than the input common-mode voltage. 
The low supply current drain is independent of 
the magnitude of the supply voltage. 

Applications include transducer amplifiers, d-c 
amplification blocks, and all the conventional 
operational amplifier circuits that now can be 
more easily implemented in single-supply-voltage 
systems. For example, the LM124 can be 
operated directly off of the standard 5-V supply 
that is used in digital systems and will easily 
provide the required interface electronics 
without requiring additional ± 15-V supplies. 

The LM 1 24 is characterized for operation over 
the full military temperature range of - 55°C 
to 125°C. The LM2902 is characterized for 
operation from - 40°C to 105°C, the LM224 
and LM224A from - 25°C to 85 °C, and the 
LM324 and LM324A from OOC to 70°C. 

LM124, LM224, LM224A, 
LM324, LM324A, LM2902 

QUADRUPLE OPERATIONAL AMPLIFIERS 
01990. SEPTEMBER 1975-REVISEO JANUARY 1989 

LM124 ••. J OR W PACKAGE 
ALL OTHERS ... 0, J, OR N PACKAGES 

(TOP VIEW) 

AMPl{OUT OUT} AMPl 
#1 IN- IN- #4 

IN+ IN+ 
Vee GND 

AMPl {IN + IN + } AMPl 
IN IN-

#2 - OUT #3 
OUT '-\,;_--";J-' 

LM124 
FK CHIP CARRIER PACKAGE 

(TOP VlEWI 

4 

5 

6 

7 

8 

I ........ 1 

~6 6~ 
~~Uvv 
::tt:::tt:z::tt:::tt: 

3 2 1 20 19 

9 1011 1213 

I .... U .... I 

~6z6~ 
NN (")('1') 
::tt:::tt: ::tt:::tt: 

NC- No internal connection 

symbol leach amplifier) 

18 

17 

16 

15 

14 

INVERTING =t>-
INPUT IN- -

NON INVERTING + 
INPUTIN+ 

OUTPUT 

Copyright © 1979, Texas Instruments Incorporated 
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LM12.4, LM224, LM224A, 
LM324, LM324A, LM2902 
QUADRUPLE OPERATIONAL AMPLIFIERS 

AVAILABLE OPTIONS 

VIO MAX 
PACKAGE 

TA 
AT 25°C 

SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP 
(D) (FK) (J) (N) 

O°C 7 mV LM324D LM324J LM324N 

to -

70°C 3 mV LM324AD LM324AJ LM324AN 

-25°C 5 mV LM224D LM224J LM224N 

to -

85°C 3 mV LM224AD LM224AJ LM224AN 

-40°C 
to 7 mV LM2902D - LM2902J LM2902N 

105°C 
-55°C 

to 5 mV - LM124FK LM124J -

125°C 

The 0 package is available taped and reeled. Add the suffix R to the device type when ordering. (e.g., LM324DR) 

schematic (each amplifier) 

~------------~---.--~.-----~.--.---vcc 

INVERTING 
INPUT 

NONI~~~~TING ______ + ____ -+ ____ ---1 

OUTPUT 

... ~._--GND 
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LM124. LM224. LM224A. 
LM324. LM324A. LM2902 

QUADRUPLE OPERATIONAL AMPLIFIERS 

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

LM124 

LM224, LM224A, LM2902 UNIT 

LM324, LM324A 

Supply voltage, VCC (see Note 1) 32 26 V 

Differential voltage (see Note 21 ±32 ±26 V 

Input voltage range (either input) -0.3 to 32 -0.3 to 26 V 

Duration of output short-circuit (one amplifier) to ground at (or below) 

25°C free-air temperature (VCC s 15 V) (see Note 3) 
unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

LM124 -55 to 125 

Operating free-air temperature range 
LM224, LM224A -25 to 85 

°C 
LM324, LM324A o to 70 

LM2902 -40 to 105 

Storage temperature range -65 to 150 -65 to 150 °C 

Case temperature for 60 seconds I FK package 260 °C 

Lead temperature 1.6 mm (1/16 inch) from case for 60 secondsl J or W package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 secondsl D or N package 260 260 °C 

NOTES: 1. All voltage values, except differential voltages and VCC specified for the measurement of lOS, are with respect to the network 
ground terminal. 

2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25°C DERATING DERATE TA - 70°C TA - B50C TA - 125°C 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 

D 900mW 7.6 mW/oC 32°C 608 mW 494mW N/A 

FK 900mW 11.0 mW/oC 68°C 880mW 715mW 275 mW 

J (LM124) 900mW 11.0 mW/oC 68°C 880mW 715mW 275 mW 
J (all others) 900mW 8.2 mW/oC 40°C 656 mW 533 mW N/A 

N 900mW 9.2 mW/oC 52°C 736 mW 598 mW N/A 

W 900mW 8.0 mW/oC 37°C 640mW 520mW 200mW 

fI 
II) .. 
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!E 
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SJ9!j.!ldw" IBUO!:t.BJ9dO II 
electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONOITIONSt 
LM124. LM224 LM324 LM2902 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vee - 5 V to MAX. 25°C 3 5 3 7 3 7 
VIO Input offset voltage VIC ~ VieR min. 

Vo ~ 1.4V Full range 7 9 10 

25°C 2 30 2 50 2 50 
110 Input offset current Vo ~ l.4V 

Full range 100 150 200 

25°C -20 -150 -20 -250 -20 -250 
liB Input bias current Vo ~ 1.4 V 

Full range -300 -500 -500 

Oto Oto Oto 
25°C 

VieR 
Common-mode input 

Vee ~ 5 V to MAX 
Vee- 1.5 Vee-1•5 Vee-1.5 

voltage range Oto o to Oto 
Full range 

Vee- 2 Vee- 2 Vee- 2 

RL - 2 kll 25°e Vee- l .5 Vee 1.5 

RL ~ 10 kll 25°C Vee 1.5 
VOH High-level output voltage 

Vec - MAX. RL ~ 2 kll Full range 26 26 22 

Vee - MAX.RL - 10 kll Full range 27 28 27 28 23 24 

VOL low-level output voltage RI s; 10 kll Full range 5 20 5 20 5 100 

Large-signal differential 
VCC - 15 V. 25°C 50 100 25 100 100 

AVD Vo = 1 V to 11 V. 
voltage amplification 

RL> 2 kll Full range 25 15 15 

CMRR Common-mode rejection ratio VIC = VICR min 25°C 70 80 65 80 50 80 

kSVR 
Supply voltage rejection 

25°C 65 100 65 100 50 100 
ratio (<1VceJ<1Vlol 

V 01 IV 02 Crosstalk attenuation f -1 kHz to 20kHz 25°C 120 120 120 

Vee - 15V. 25°C -20 -30 -60 -20 -30 -60 -20 -30 -60 
VID = 1 V. 

Vo = 0 
Full range -10 -10 -10 

10 Output current 
Vce = 15V. 25°C 10 20 10 20 10 20 
VID = -1 V. 

Vo = 15 V Full range 5 5 5 

VIO - 1 V. 

Vo = 200 mV 
25°C 12 30 12 30 30 

Short-circuit Vee at 5 V. 
25°e ±40 ±60 ±40 ±60 ±40 ±60 lOS 

output current GND at -5 V.vO = 0 

Vo - 2.5 V. 
Full range 0.7 1.2 0.7 1.2 0.7 1.2 

No load 

ICC 
Supply current 

Vee = MAX. 
l10ur amplifiers) 

Vo = 0.5 Vee. Full range 1.1 3 1.1 3 1.1 3 

No load 
-- ----- --- --- - ---

UNIT 

mV 

nA 

nA 

V 

V 

mV 

VJmV 

dB 

dB 

dB 

mA 

pA 

mA 

mA 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. "MAX" Vee for testing purposes 
is 26 V for LM2902. 30 V for the others. Full range is -55°C to 125°C for LM124. -25°C to 85°C for LM224. ooe to JOoe for LM324. and -40°C to 105°C 
for LM2902. 
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electrical characteristics at specified free-air temperature, Vee - 5 V (unless otherwise noted) 

PARAMETER TEST CONOITIONSt LM224A LM324A 
UNIT 

MIN TYP MAX MIN TYP MAX 

VCC ~ 5 V to 30 V. 25°C 2 3 2 3 
VIO Input offset voltage VIC ~ VICA min. mV 

Vo ~ 1.4 V Full range 4 5 

25°C 2 15 2 30 
10 Input offset current Vo ~ 1.4 V nA 

Full range 30 75 

25°C -15 -80 -15 -100 
liB Input bias current Vo ~ 1.4 V 

Full range -100 -200 nA _ 

25°C 
Dto to 

VICA 
Common-mode input 

VCC ~ 30 V 
VCC-1.5 Vee- l .5 

V 
voltage range Dto o to 

Full range 
vcc- 2 vcc- 2 -

RL ~ 2 kll 25°C VCC-1 VCC-1 

VOH High-level output voltage VCC 30 V. RL ~ 2 kll Full range 26 26 V 

VCC ~ 30 V. RL ~ 10 kll Full range 27 28 27 28 

VOL Low-level output voltage AI < 10 kll Full range 5 20 5 20 mV 

Large-signal differential 
VCC ~ 15V. 25°C 50 100 25 100 

AVO Vo ~ 1 V to 11 V. V/mV 
voltage amplification 

AL > 2 kll Full range 25 15 

CMAR Common-mode rejection ratio VIC ~ VICA min 25°C 70 80 65 80 dB 

kSVR 
Supply voltage rejection 

ratio (l>VCC"WIOI 
25°C 65 100 65 100 dB 

Vol IV02 Crosstalk attenuation f ~ 1 kHz to 20 kHz 25°C 120 120 dB 

VCC ~ 15 V. 25°C -20 -30 -60 -20 -30 -60 
VIO ~ 1 V. 

-10 Vo ~ 0 Full range -10 
mA 

10 Output current 
VCC ~ 15V. 25°C 10 20 10 20 
VIO ~ -1 V. 

Va ~ 15 V Full range 5 5 

VIO ~ -1 V. 

Vo ~ 200 mV 
Full range 12 30 12 30 "A 

Short-circuit VCC at 5 V. 
25°C ±40 ±60 ±40 ±60 mA lOS 

output current GNO at - 5 V. Va ~ 0 

Vo ~ 2.5 V. 
Full range 1.5 2.4 1.5 2.4 

No load 

ICC 
Supply current 

VCC ~ 30 V. mA 
(four amplifiers) 

Va ~ 15 V. Full range 1.1 3 1.1 3 

No load 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified, Full range is -
to 85°C for LM224A and O°C to 70°C for LM324A. 

Operational Amplifiers II 
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• uA741 Operating Characteristics 

• Low Supply Current Drain ... 0.6 mA Typ 
(per amplifier) 

• Low Input Offset Voltege 

• Low Input Offset Current 

• Class AB Output Stage 

• Input/Output Overload Protection 

• Designed to be Interchangeable with National 
LM148. LM248. and LM348. 

description 

The LM 148. LM248. and LM348 are quadruple. 
independent, high-gain, internally compensated 
operational amplifiers designed to have operating 
characteristics similar to the uA 7 41. These 
amplifiers exhibit low supply current drain, and 
input bias and offset currents that are much less 
than those of the uA 7 41 . 

The LM 148 is characterized for operation over 
the full military temperature range of - 55°C 
to 125°C, the LM248 is characterized for 
operation from - 25°C to 85 DC. and the LM348 
is characterized for operation from OOC to 70°C. 

symbol (each amplifier) 

NON INVERTING b>­
INPUT IN++ 

INVERTING____ _ OUTPUT 

INPUT IN-

LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 

02551. OCTOBER 1979-REVISED MAY 1988 

LMl48 ... J PACKAGE 

LM248. LM348 ... D. J. OR N PACKAGE 
ITOPVIEW) 

AMPL {?NU! ~U!} AMPL 
#1 )N+ )N+ #4 

AMPL {V:~ ~ ~C~}- AMPL 
#2 OUT OUT #3 ";..; __ :.t-' 

#1IN+ 
NC 

VCC+ 
NC 

#2IN+ 

LMl48 ... FK PACKAGE 

ITOP VIEW) 
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..... -U'ltv 
~=-=ZI:l:t::I:t: 

3 2 1 2019 

9 1011 1213 

If-Uf- I 
~5Z5~ 
"'''' MM 1:I:t:::tI:;: 1:I:t:::a:t: 

18 

17 
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15 

14 

NC - No internal connection 

#4IN+ 
NC 

VCC­
NC 
#3IN+ 

AVAILABLE OPTIONS 

VIO MAX 
PACKAGE 

TA 
AT 25·C 

SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP 
ID) IFKI IJ) IN) 

o·e 

to 6 mV LM348D - LM34BJ LM34BN 
70·e 

-25·e 

to 6 mV LM24BD - LM24BJ LM24BN 
85°C 

-55°C 

to 5 mV - LM14BFK LM14BJ -
125°C 

The 0 package is available taped and reeled. Add the suffix R to the device type when ordering. le.g .• 
LM34BDR) 
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LM148. LM248. LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 

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

LMl48 LM248 LM348 UNIT 

Supply voltage VCC + Isee Note 1) 22 18 18 V 

Supply voltage V CC _ (see Note 1) -22 -18 -18 V 

Differential input voltage (see Note 2) 44 36 36 V 

Input voltage (either input, see Notes 1 and 3) ±22 ±18 ±18 V 

Duration of output short-circuit (sae Note 4) unlimited unlimited unlimited 

Continuous total power dissipation See Dissipation Rating Table 

Oparating frea-air temperature range -55 to 125 -26 to 85 o to 70 ·C 

Storaga temperature range -66 to 150 -65 to 150 '-65 to 150 ·C 

Case temperature for 60 seconds FK package 260 ·C 

Lead temperature 1,6 mm (1/16 inch) 

from casa for 60 seconds 
J package 300 300 300 ·C 

Lead temperature 1,6 mm (1/16 inch) o or N package 260 260 ·C 
from case for 10 seconds 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or the value spacified in the table, 

whichever is less. 
4. The output may be shorted to ground or either power supply. Temperature andlor supply voltages must be limited to ensure 

that the dissipation rating is not exceeded. 

DISSIPATION RATING TA8LE 

PACKAGE 
TA s 25·C DERATING DERATE TA - 70°C TA - 85°C TA - 125°C 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 

0 900mW 7.6 mW/oC 32°C 608 mW 494mW NIA 

FK 900mW 11.0mW/oC 68°C 880mW 715mW 275 mW 

~ ILM148) 900mW 11.0 mW/·C 68·C 880mW 715 mW 275 mW 

J (LM248, LM348) 900mW 8.2 mW/·C 40°C 656 mW 533 mW N/A 

N 900mW 9.2 mW/·C 52°C 736 mW 598 mW N/A 
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electrical characteristics. Vee ± - ±15 V 

PARAMETER TEST CONDITIONS t 
LM148 LM248 LM348 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage Vo ~ 0 
25°C 1 5 1 6 1 6 

Full range 6 
mV 

7.5 7.5 

110 Input offset current 
25°C 4 25 4 50 4 50 

Vo ~ 0 
Full range 

nA 
75 125 100 

liB Input bias current 
25°C 30 100 30 200 30 200 

Vo ~ 0 
Full range 325 

nA 
500 400 

VICR 
Common-mode 

input voltage range 
Full range ±12 ±12 ±12 V 

RL - 10 kO 25°C ±12 ±13 ±12 ±13 ±12 ±13 

VOM 
Maximum peak output RL 2: 10 kO Full range ±12 ±12 ±12 

I voltage swing RL ~ 2 kO 25°C ±10 ±12 ±10 ±12 ±10 ±12 
V 

I 
RL 2: 2 kO Full range ±10 ±10 ±10 I 

AVO 
Large-signal differential Vo - ±10V. 25°C 50 160 25 160 25 160 

V/mV I 
voltage amplification RL 2: 2 kO Full range 25 15 15 

ri Input resistance 25°C O.B 2.5 O.B 2.5 O.B 2.5 MO 

B1 Unity-gain bandwidth AVO - 1 25°C 1 1 1 MHz 

<PM Phase margin AVO ~ 1 25°C 60° 60° 60° 
Common-mode VIC ~ VICR min, 25°C 70 90 70 90 70 90 

CMRR dB 
rejection ratio Va ~ 0 Full range 70 70 70 

Supply voltage rejection VCC± - ±9Vto ±15V, 25°C 77 96 77 96 77 96 
kSVR 

ratio (AVCC±/AVIO) Vo ~ 0 Full range 
dB 

77 77 77 

lOS Short-circuit output current 25°C ±25 ±25 ±25 mA 

Supply current I Vo ~ 0 2.4 4.5 2.4 4.5 
ICC No load I 25°C mA 

(four amplifiers) Va ~ VOM 2.4 3.6 

Va 1/Vo2 Crosstalk attenuation f ~ 1 Hz to 20 kHz, 25°C 120 120 120 dB 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for T A is - 55°C to 125°C 
for LM14B, -25°C to B5°C for LM24B, and ooC to 70°C for LM34B. 

Operational Amplifiers III 
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LM148, LM248, LM348 
QUADRUPLE OPERATIONAL AMPLIFIERS 

operating characteristics, VCC± - ± 15 V, TA .. 25°C 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain RL = 2 kD. CL = 100 pF. See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

RL=2kll 

FIGURE 1. UNITY-GAIN AMPLIFIER 

10 kll 

AVD- -100 

FIGURE 2. INVERTING AMPLIFIER 
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• Wide Range of Supply Voltages: 
Single Supply ... 3 V to 30 V 

(LM2904 ... 3 V to 26 VI. 
or Dual Supplies 

• Low Supply Current Drain Independent of 
Supply Voltage ... 0.7 mA Typ 

• Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 

• Low Input Bias and Offset Parameters: 
Input Offset Voltage ••. 3 mV Typ 

A Versions ... 2 mV Typ 
Input Offset Current ... 2 nA Typ 
Input Bias Current ... 20 nA Typ 

A Versions ... 15 nA Typ 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage . . . ± 32 V 

( ± 26 V for LM29041 

• Open-Loop Differential Voltage 
Amplification •.. 100 V/mV Typ 

• Internal Frequency Compensation 

description 

These devices consist of two independent. high­
gain. frequency-compensated operational 
amplifiers that were designed specifically to 
operate from a single supply over a wide range 
of voltages. Operation from split supplies is also 
possible so long as the difference between the 
two supplies is 3 V to 30 V (3 V to 26 V for the 
LM2904), and the Vee pin is at least 1.5 V more 
positive than the input common-mode voltage. 
The low supply current drain is independent of 
the magnitude of the supply voltage. 

Applications include transducer amplifiers, d-c 
amplification blocks. and all the conventional 
operational amplifier circuits that now can be 
more easily implemented in single-supply-voltage 
systems. For example, these devices can be 
operated directly off of the standard 5-V supply 
that is used in digital systems and will easily 
provide the required interface electronics 
without requiring additional ± 15-V supplies. 

LM158, LM258, LM358 
LM258A, LM358A, LM2904 

DUAL OPERATIONAL AMPLIFIERS 
02231, JUNE 1976-REVISED AUGUST 1988 

0, JG, OR P PACKAGE 

(TOP VIEW) 

AMPL {OUT []8 VCC+ 
#1 IN- 2 7 OUT} AMPL 

IN+ 3 6 IN- #2 
GND 4 5 IN+ 

U FLAT PACKAGE 

(TOP VIEW) 

NC NC 

AMPL {OUT VCC+ 
# 1 IN - OUT} AMPL 

IN+ IN- #2 
GND IN+ -"' __ ...r" 

LM 158 
FK CHIP CARRIER PACKAGE 

(TOP VIEW) 

NC 4 

#1 IN- s 
NC 6 

#1 IN+ 7 
NC 8 

~ 
:J + o u 

u~u uu 
z"*'z>z 

3 2 1 20 19 

9 1011 1213 

~~~~~ 
(!) -

N 

"*' 
NC - No internal connection 

schematic (each amplifier) 

18 NC 
17 #2 OUT 
16 NC 
15 #2IN-

14 NC 

NONINVERTING =f>-
INPUTIN+ OUTPUT 

INVERTING _ 
INPUT IN-

The LM 158 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The LM258 and LM258A are characterized for operation from - 25°C to 85 °e, the LM358 and LM358A 
from ooe to 70°C. and the LM2904 from -40°C to 105°C. 

PRODUCTION DATA d •• u .. IIIII .. lllli. i.lannlti •• 
00'/'II1II" If polllinti ... dill. P,oductI ... 'orm t. 
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LM158, LM258,LM358, LM258A, LM358A, LM2904 
DUAL OPERATIONAL AMPLIFIERS 

AVAILABLE OPTIONS 

VIO MAX 
PACKAGE 

TA SMALL OUTLINE CHIP CARRIER CERAMIC DIP 
AT 2SoC 

(D) (FK) (JG) 
OOC 7 mV LM358D LM358JG 

to -
70°C 3mV LM358AD LM3S8AJG 

-25°C 5 mV LM258D LM258JG 

to -
85°C 3mV LM258AD LM258AJG 

-40°C 

to 7mV LM2904D - LM2904JG 

105°C 

-55°C 

to 5 mV - LM158FK LM158JG 

125°C 

PLASTIC DIP FLAT PACK 
(P) (U) 

LM358P 

-
LM358AP 

LM258P 

-
LM258AP 

LM2904P -

- LM158U 

; 
... The 0 package is available taped and realad. Add the suffix R to the device type. (a.g., LM358DR) 

O· 
:;:, schematic (each amplifier) 
!. 

INVERTING 
INPUT 

r---------------_e~--~--~t_------_e~_.---Vcc+ 

OUTPUT 

NON INVERTING --------....... -----4--------' 
INPUT 

.... --~----- GND (OR Vcc_) 
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LM158, LM258, LM358, LM258A, LM358A, LM2904 
DUAL OPERATIONAL AMPLIFIERS 

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

LM158. 

LM268. LM258A LM2904 UNIT 

LM358. LM368A 

Supply voltage. Vee (see Note 1) 32 26 V 
Differential voltege (see Note 2) ±32 ±26 V 
Input voltage range leither input) 0.3 to 32 0.3 to 26 V 

Duration of output short-circuit (one amplifier) to ground at (or below) 
unlimited unlimited 

25°e free-air temperature (Vee s 15 V) (see Note 3) 

eontinuous total dissipation See Dissipation Rating Table 

LM158 -55 to 125 

Operating free-air temperature range 
LM258. LM258A -25 to 85 

°e 
LM358. LM358A o to 70 

LM2904 -40 to 105 

Storage temperature range -65 to 150 -65 to 150 °e 
ease temperature for 60 seconds I FK package 260 °e 
Laad temperature 1.6 mm (1/16 inch) from case for 60 seconds I JG. or U package 300 300 °e 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds I 0 or P package 260 260 °e 

NOTES: 1. All voltage values. except differential voltages. and Vee specified for measurement of lOS. are with respect to the network 
ground terminal. 

2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25 0 e DERATING FACTOR TA - 70 0 e TA - 85°e TA - 1250 e 

POWER RATING ABOVE TA - 25°e POWER RATING POWER RATING POWER RATING 

0 725 mW 5.8 mW/oe 464mW 377 mW 

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

JG (LM158) 1050 mW 8.4 mW/oe 672 mW 546 mW 210mW 

JG (all others) 825 mW 6.6 mW/oe 528 mW 429 mW 

P 1000 mW 8.0 mW/oe 640 mW 520 mW 

U 675 mW 5.4 mW/oe 432 mW 351 mW 135mW 

PI 

'ii c o 
+= ca .. 
CI) 
Q. o 
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electrical characteristics at specified free-air temperature. Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
LM158. LM258 LM358 LM2904 

MIN TYP MAX MIN TYP MAX MIN TYP 

Vee - 5 V to MAX. 
25°e 3 5 3 7 3 

VIO Input offset voltage Vie = VieR min. 

Vo = 1.4 V 
Full range 7 9 

Average temperature coefficient 
Full range 7 7 7 

"'VIO of input offset voltage 

25°e 2 30 2 50 2 
110 Input offset current Vo = 1.4V 

Full range 100 150 

Average temperature coefficient 
Full range 10 10 10 "'110 of input offset current 

25°e -20 -150 -20 -250 -20 
liB Input bias current Vo = 1.4 V 

Full range -300 -500 

25°e 
o to o to Oto 

z 

~i 
Common-mode 

Vee = 5 V to MAX 
Vee-1.5 Vee-1.5 Vee-1.5 

VieR mput voltage range o to o to o to 
Full range 

vee- 2 vee- 2 vee- 2 

RL"" 2 kll 25°e Vee 1.5 Vee 1.5 

RL"" 10 kll 25°e Vee-1.5 

VOH High-level output voltage 
Vee = MAX. 

Full range 26 26 22 
~, RL = 2 kll. z . 

CiJ~ 
Vee - MAX. 

Full range 27 28 27 28 23 24 
RL > 10 kll 

VOl Low-level output v.oltage· RL s 10 kll ____ Full range 5 20 5 20 5 

MAX 

7 

10 

50 

200 

-250 

-500 

100 

UNIT 

mV 

~v/oe 

nA 

pA/oe 

nA 

V 

V 

mV 
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large-signal differential 
Vec - 15V. 25°C 50 100 25 100 100 

AVO 
voltage amplification 

Vo ~ 1 V to 11 V. V/mV 

RL ~ 2: 2 kll Full range 25 15 15 

CMRR Common-mode rejection ratio Vee 5 V to MAX. 

VIC ~ VICR min 
25°C 70 80 65 80 50 80 d8 

kSVR 
Supply voltage rejection 

ratio I<l.Vec/<l.VIO) 
Vee ~ 5 V to MAX 25°C 65 100 65 100 50 100 d8 

VolIVo2 Crosstalk attenuation f - 1 kHz to 20kHz 25°C 120 120 120 dB 

Vec-15V. 25°C -20 -30 
VIO ~ 1 V. 

-20 -30 -20 -30 , 

Vo ~ 0 Full range -10 -10 -10 
mA 

Vee - 15V. 
10 Output current 25°C 10 20 10 20 10 20 

VID~-lV. 

Vo ~ 5 V Full range 5 5 5 

VIO - -1 V. 
25°C 

Vo ~ 200 mV 
12 30 12 30 30 ~A ! 

Short-circuit 
Vec at 5 V. 

lOS GNO at -5 V. 25°C ±40 ±60 ±40 ±60 ±40 ±60 mA 
output current 

Vo ~ 0 

Vo ~ 2.5 V. 
Full range 0.7 1.2 0.7 1.2 0.7 1.2 

Supply current 
No load 

ICC Vee ~ MAX, mA 
(two amplifiers) 

Vo ~ 0.5 Vec. Full range 1 2 1 2 1 2 

No load -

tAli characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. IIMAX" Vee for testing purposes is 26 V 
for lM2904. 30 V for the others. Full range is -55°C to 125°C for lM158. -25°C to 85°C for lM25B. OOC to 70°C for lM358. and -40°C to 105°C for lM2904. 
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electrical characteristics at specified free-air temperature. Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIDNSt 
LM258A LM358A 

MIN TYP MAX MIN TYP MAX 

VCC = 5 v to 30 V 
25°C 

VIO Input offset voltage VIC = VICR min, 
2 3 2 3 

Vo = l.4V Full range 4 5 

Average temperature coefficient 
Full range 7 15 7 20 "'VIO of input offset voltage 

25°C 2 15 2 30 
110 Input offset current Vo = 1.4 V 

Full range 30 75 

Average temperature coefficient 
Full range 10 200 10 300 "'110 of input offset current 

25°C -15 -80 -15 -100 
118 Input bias current Vo = l.4V 

Full range -100 -200 
g 
-t 

o to o to 
25°C 

0 
'Il_ 
~z 

I~i ~~ 
~rr1 
~z 

E~4r 

VICR 
Common-mode input 

VCC 30 V 
Vee- 1.5 Vee-1.5 

voltage range o to o to 
Full range 

Vee- 2 Vee- 2 

RL'" 2 k!l 25°C Vee 1.5 Vee 1.5 

VCC = 30 V, 
Full range 26 26 

VOH High-level output voltage RL = 2 k!l 

VCC - 30 V, 
Full range 27 28 27 28 

RL'" 10 k!l 

VOL low-level output voltage RL ,; 10 k!l Full range 5 20 5 20 
-

... 
'" g: 

UNIT 

mV 

I'V/oC 

nA 

pA/oC 

nA 

V 

V 

I 

mv~ 
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Large-signal differential 
Vee - 15V, 25°C 50 100 25 100 

V/rnV Avo 
voltage amplification 

Vo = 1 V to 11 V, 

RL ~ '" 2 kll Full range 25 15 

eMRR Common-mode rejection ratio 25°C 70 80 65 80 dB -

kSVR 
Supply voltage rejection 

25°C 65 100 65 100 dB 
ratio (aVee/avlo) 

Vol IV02 Crosstalk attenuation f - 1 kHz to 20kHz 25°C 120 120 dB 

Vee = 15V, 25°C 20 30 60 20 30 60 
VIO = 1 V, 

Vo = 0 Full range 10 10 rnA 

10 Output current Vee = 15 V, 25°C 
VIO=-IV, 

10 20 10 20 

Vo = 15 V Full range 5 5 

VIO - -1 V, 

Vo = 200 rnV 
25°C 12 30 12 30 ~A 

Vee at 5 V, 

lOS Short-circuit output current GNO at -5 V, 25°C ±40 ±60 ±40 ±60 rnA 

Vo = 0 

Vo = 2.5 V, 

No load 
Full range 0.7 1.2 0.7 1.2 

ICC Supply current (two amplifiers) Vee = 30 V, rnA 

Vo = 15 V, Full range 1 2 2 

No load __ L-

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is - 25°C to 85 °C 
for LM258A and ooe to 70°C to LM358A. 
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LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

• Smail-Signal Bandwidth .•. 15 MHz Typ 

• Slew Rate •.• 50 VI (.Is Min 

• Bias Current ••• 250 nA Max (LM218) 

• Supply Voltage Range •.. ± 5 V to ± 20 V 

• Internal Frequency Compensation 

• Input and Output Overload Protection 

• Same Pin Assignments as General-Purpose 
Operational Amplifiers 

description 

The LM218 and LM318 are precision, high-speed 
operational amplifiers designed for applications 
requiring wide bandwidth and high slew rate. 
They feature a factor-of-ten increase in speed 
over general purpose devices without sacrificing 
dc performance. 

These operational amplifiers have internal unity­
gain frequency compensation. This considerably 
simplifies their application since no external 
components are necessary for operation. 
However, unlike most internally compensated 
amplifiers, external frequency compensation 
may be added for optimum performance. For 
inverting applications, feed-forward 
compensation will boost the slew rate to over 
150 V l(.Is and almost double the bandwidth., Over 
compensation may be used with the amplifier for 
greater stability when maximum bandwidth is not 
needed. Further, a single capacitor may be 
added to reduce the settling time for 0.1 % error 
band to under 1 (.Is. 

The high speed and fast settling time of these 
operational amplifiers make them useful in ND 
converters, oscillators, active filters, sample and 
hold circuits, and general purpose amplifiers. 

The LM218 is characterized for operation from 
-25·C to 85·C, and the LM318 is characterized 
for operation from O·C to 70·C. 

D2219, JUNE 1976-REVISED OCTOBER 1966 

0, JG, OR P PACKAGE 
(TOP VIEW) 

BAL/CaMP D8 caMP 2 
IN- 2 7 Vcc+ 
IN+ 3 6 aUT 

Vcc- 4 5 BAL/caMP 3 

symbol 

BAL/COMP 1 ....:..;11,;...1 ___ -, 

caMP 2 _(;,;;.8:...1 __ -, 

BAL/COMP 3 (51 

NON INVERTING 
INPUTIN+ 

INVERTING 
INPUT IN-

AVAILABLE OPTIONS 

PACKAGE 

TA VIOMAX SMALL- CERAMIC 
at2S·C OUTLINE DIP 

(D) (JG) 

O·C 

to 10mV LM31BD LM31BJG 

70·C 

-2S·C 

to 4mV LM21BD LM21BJG 

8S·C 

OUTPUT 

PLASTIC 
DIP 
(P) 

LM31BP 

LM21BP 

The D packages are available taped and reeled. Add the 
suffix R to the device type (e.g., LM31 BDR). 

Copyright @ 1983, Texas Instruments Incorporated 
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LM218,LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

schematic 

BALANCE 
COMPENSATlON-1 

BALANCE 
COMPENSATION-3 

COMPENSATION-2 

.--.--~--~-+--~~--+--.--------~----- VCC+ 

2W 150kn 2kn 

100pF 

INVERTING 

INPU~T~ ....... ~~-:r""'--' 

» 
3 
'2. 
:::;; NON'NVE;;R?T~'NiiiGt-r==:t==,==t===~--L_l ___ --, i' INP~~ 
Ul 

25n 

L-+-_~_-4 __ ~ __ ~-+ __ ~_+-_~ __ ~~_+-~____ VCC-
Component values shown are nominal. 
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LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

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

LM218 LM318 UNIT 

Supply voltage, VCC+ (see Note 1) 20 20 V 

Supply voltage, VCC- (see Note 1) -20 -20 V 
Input voltage (either input, see Notes 1 and 2) ±15 ±15 V 
Differential Input current (see Note 3) ±10 ±10 mA 
Duration of output short-circuit (see Note 4) unlimited unlimited 
Continuous total power dissipation See Dissipation Rating Table 
Operating free-air temperature range -25 to 85 Ot070 'c 
Storage temperature range 65 to 150 65 to 150 'c 
.Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I JG package 300 300 'c 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I 0 or P package 260 260 'c 

NOTES: 1. All voltage values, unless otherwIse noted, are WIth respect to the mIdpoInt between VCC+ and VCC-. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less. 
3. The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive current will 

flow if a differential input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is 
used. 

4. The output may be shorted to ground or either power supply. For the LM218 only, the unlimited duration of the short-circuit applies 
at (or below) 85'C case temperature or 75'C free-air temperature. 

DISSIPATION RATING TABLE 

TA s 25'C DERATING DERATE TA = 70'C TA = 85'C 
PACKAGE 

POWER RATING FACTOR ABOVETA POWER RATING POWER RATING 

0 500mW 5.8mWfC 64'C 464mW 377mW 

JG 500mW 6.6mWfC 74'C 500mW 429mW 

P 500mW NIA NIA 500mW 500mW 
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LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical'characteristics at specified free-air temperature (see Note 5) 

PARAMETER TEST CONDITIONSt 
MIN 

LM218 

TYP MAX 

LM318 

MIN TYP MAX 
UNIT 

VIO Input offset voltage VO=O 
25'C 2 4 4 10 

mV 
Full range 6 15 

110 Input offset current Vo = 0 
25'C 6 50 30 200 

nA 
Full range 100 300 

liB Input bias current Vo = 0 
25'C 120 250 150 500 

nA 
Full range 500 750 

VICR 
Common-mode 

VCC±=±15V Full range ±11.5 ±".5 V 
input voltage range 

YOM 
Maximum peak VCC± - ±15V, 

Full range ±12 ±13 ±12 ±13 V 
output voltage swing RL = 2 kG 

VCC± = ±15V, 25'C 50 200 25 200 

AVD 
Large-signal·differential Vo = ±10V, V/mV 
voltage amplification 

RL;" 2kG Full range 25 20 

B, Unity-gain bandwidth VCC± = ±15V 25'C 15 15 MHz 

ri Input resistance 25'C 1 3 0.5 3 MG 

CMRR Common-mode rejection ratio VIC = VICR min Full range 80 100 70 100 dB 

kSVR 
Supply voltage rejection ratio 

Full range 70 80 65 80 dB 
(1!,vCC/I1VIOl 

ICC Supply current No load, Vo = 0 25'C 5 8 5 10 mA 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for 
LM218 is -25'C to 85'C and for LM318 is O'C to 70'C. 

Note 5: Unless otherWise noted, VCC = ±5 V to ±20 V. All typical values are at VCC± = ± 15 V, TA = 25'C. 

operating characteristics, VCC+ = 15 V, VCC = 15 V, TA = 25°C 

PARAMETER TEST CONDITIONS 
SR Slew rate at unity gain I1V, = 10 V, See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

2kn 

:=l .. ______ ..... ,_'00VV INPUT I ! 
2kn 

INPUT 

TEST CIRCUIT 

VOLTAGE WAVEFORMS 

FIGURE 1. SLEW RATE 
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• Wide Range of Supply Voltages, Single or 
Dual Supplies 

• Wide Bandwidth 

• Large Output Voltage Swing 

• Output Short-Circuit Protection 

• Internal Frequency Compensation 

• Low Input Bias Current 

• Designed to be Interchangeable with 
National Semiconductor LM2900 and 
LM3900, Respectively 

description 

These devices consist of four independent, high­
gain frequency-compensated Norton operational 
amplifiers that were designed specifically to 
operate from a single supply over a wide range of 
voltages. Operation from split supplies is also 
possible. The low supply current drain is 
essentially independent of the magnitude of the 
supply voltage. These devices provide wide 
bandwidth and large output voltage swing. 

The LM2900 is characterized for operation from 
-40°C to 85°C, and the LM3900 is characterized 
for operation from O°C to 70°C. 

schematic (each amplifier) 

INVERTING 
INPUT ----..... --1 

NONINVERTING 
INPUT --tt----i 

PRODUCTJO. DATA dueu ........ nllin info ... lti.n 
DU"'nt II of plb".III •• dill. Prad ....... fa ... to 

LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

02531. JULY 1979-REVISEO AUGUST 1988 

J OR N DUAL-IN-LiNE PACKAGE 

(TOPVIEWI 

#1IN+ Vee 
#2IN+ #3IN+ 
#2IN- #4IN+ 
#2 OUT #4IN-
#1 OUT #4 OUT 
#1IN- #3 OUT 

GND #3IN-

AVAILABLE OPTIONS 

PACKAGE 

TA PLASTIC DIP CERAMIC DIP 

(N) (J) 

O·Cto 70·C LM3900N LM3900J 

-40·C to 85·C LM2900N LM2900J 

symbol (each amplifier) 

NONINVERTING =t>­
INPUTIN+ 

OUTPUT 
INVERTING 

INPUT IN-

,...----.>-- VCC 

OUTPUT 

~ 1.3mA 

Copyright © 1979, Texas Instruments Incorporated 
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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

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

LM2900 LM3900 UNIT 

Supply vonage, VCC (see Note 1) 36 36 V 
Input current 20 20 rnA 
Duration of output short circuit (one amplifier) to ground at (or below) 25'C free-air temperature unlimited unlimited 
(see Note 2) 
Continuous total dissipation SeEl Dissipation Rating Table 
Operating free-air temperature range 40 to 85 Oto 70 'c 
Storage temperature range -65 to 150 -65 to 150 'c 

300 300 'c Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds IJ Package 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds IN Package 260 260 'C 

• NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Short cirCuits from outputs to VCC can cause excessive heating and eventual destruction. 

o 
'C 
CD 
; ... 
O· 
::::I e. 

DISSIPATION RATING TABLE 

TA s 25'C DERATING FACTOR TA = 70'C TA = 8S'C 
PACKAGE 

POWER RATING ABOVE TA = 25'C POWER RATING POWER RATING 

J 102SmW 8.2 mWI'C 656mW 533mW 

N 1150mW 9.2mWI'C 736mW 598mW 

recommended operating conditions 

LM2900 LM3900 

MIN MAX MIN MAX 
UNIT 

Input current (see Note 3) -1 -1 rnA 
Operating free-air temperature, T A -40 85 0 70 'c 

NOTE 3: Clamp transistors are included that prevent the input voltages from swinging below ground more than approximately -0.3 V. The 
negative input currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values of 
approximately -1 rnA. Negative input currents in excess of -4 rnA will cause the output voltage to drop to a low voltage. These values 
apply for anyone of the input terminals. If more than one of the input terminals are simultaneously driven negative, maximum currents 
are reduced. Common-mode current biasing can be used to prevent negative input voltages. 
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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

electrical characteristics, VCC = 15 V, TA = 25°C (unless otherwise noted) 

TEST CONDITIONSt 
LM2900 LM3900 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

liB 
Input bias current 

11+ = 0 
ITA - 25'C 30 200 30 200 

nA 
(inverting input) ITA = Full range 300 300 

11-
Mirror gain 11+ = 20 IlAtO 200 IlA, 0.9 1.1 0.9 1.1 IlNIlA 

11+ 
Change in mirror gain 

TA = Full range, See Note 4 
2 5 2 15 % 

Mirror current 
VI+ - VI_, TA = Full range, 

10 500 10 500 I1A See Note 4 

AVD 
Large-signal differential Vo = 10V, RL = 10 k!1, 

1.2 2.8 1.2 2.8 V/mV 
voltage amplification f= 100Hz 

q 
Input resistance 

1 1 M!1 
(inverting input) 

ro Output resistance 8 8 k!1 

Bl 
Unity-gain bandwidth 

2.5 2.5 MHz 
(inverting input) 

kSVR 
Supply voltage rejection 

70 70 dB 
ratio (llVCC/!!"vIO) 

IRL-2k!1 13.5 13.5 

VOH High-level output voltage 11+ = 0, 
[VCC - 30V, V 

11_ = a 
No load 

29.5 29.5 

VOL Low-level output voltage 
11+ = 0, 11_ = lallA, 

RL = 2 k!1 
0.09 0.2 0.09 0.2 V 

IOHS 
Short-circuit output current 11+ - 0, 11_ - 0, 

-6 -18 -6 -10 mA 
(output internally high) Vo = 0 
Pull-down current 0.5 1.3 0.5 1.3 mA 

IOL Low-level output current* 11_ = 51lA, VOL = 1 V 5 5 mA 

ICC 
Supply current 

No load 6.2 10 6.2 10 mA 
(four amplifiers) 

.. 
t All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for TA IS 

-40'C to 85'C for LM2900, and O'C to 70'C for LM3900. 
* The output current-sink capability can be increased for large-signal conditions by overdriving the inverting input. 
NOTE 4: These parameters are measured with the output balanced midway between VCC and ground. 

operating characteristics, VCC± = ±15 V, TA = 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX 

SR 
. Low-to-high output 

Slew rate at unity gain High-to-Iow output 
Vo = 10V, 

RL = 2 k!1 

CL = 100 pF, 0.5 

20 
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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

INPUT BIAS CURRENT (INVERTING INPUT) MIRROR GAIN 
vs 

80 

70 

<C c 60 I 
C 
~ 50 

" U 

:l 40 
in 

'[ 30 
.E 
I 
]! 20 

10 

o 

vs 
FREE-AIR TEMPERATURE 

Vee=15V 
Vo = 7.5 V 
11+ = 0 

\ 
~ 
~ 

'-.... r----

-75 -50 -25 0 25 50 75 100 125 

.u 

1"~ 

102 

10 

1 

T A - Free-Air Temperature - 'e 
FIGURE 1 

LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

:RL· ··1·0 kG Vee- 15V 
TA 25'e 

11111111 )J 

111111 \ 
100 1 k 10 k 100 k 1 M 10 M 

f - Frequency - Hz 

FIGURE 3 

c 
'0; 

FREE-AIR TEMPERATURE 
1.20 ,---,--,---,--,--r--'---'--' 

Vee=15V 
1.15 11+ = 10 I-lA 

1.101--l--t--t---t--+--t--1--l 

c: 1.05 f----4----+--f---+--+--+--f--I 

g 
~ 
I 

~ 0.95 f----4----+--f---+--+--+----jI--I 
I 

0.901--I--f--+--t--l--t--+----l 

0.85f----j1--I--+-+-+-+--1--l 

0.80L..--1_....l..._...L_~---,'L_....l..._-'-~ 

-75 -50 -25 0 25 50 75 100 125 

104 

T A - Free-Air Temperature - 'e 
FIGURE 2 

LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 

-~ 

=RL 10 kO 
-TA 25'e 
I- I 

1 
o 5 10 15 20 25 30 

Vee - Supply Voltage - V 

FIGURE 4 

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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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

1 

LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

VCC=15V 
Vo 10V 
RL = 10 kO 

-75 -50 -25 0 25 50 75 100 125 

16 

> 
1 14 

CI) 
01 

~ 12 
~ 
OJ 
~ 10 
o 
... 8 
i 
~ 6 
: 
,. 4 
0-
0-
~ 2 

o 
1 k 

TA - Free-Air Temperature-'C 

FIGURE 5 

PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

.,,'" I IIIIII 

10 k 

r\ 

100 k 
f-Frequency-Hz 

FIGURE 7 

VCC = 15V 
RL = 2 kn 
11+ = 0 
TA = 25'C 

-
1M 10M 

100 

m 
"0 90 
I 
o 'iii 80 
a: 
g 70 

~ 60 
'iii' 
a: 
CI) 50 

S g 40 

~ 30 
Q. 
:::J 
UI 20 
1 

~ 10 

SUPPLY VOLTAGE REJECTION RATIO 
vs 

FREQUENCY 

V~~ I~I~I~ V 

TA = 25'C 

-~ 
I' 

o 
100 4001k 4k10k 40k100k400k1M 

30 

~ 
I 

C 25 

~ 
<3 
'S 20 
Q. 

'S 
~ 15 

~ 
9 
t: 10 
o 
J: 
UI 
I 
UI 5 
::t: 
9 

o 
o 

f-Frequency-Hz 

FIGURE 6 

LM2900 
SHORT-CIRCUIT OUTPUT CURRENT 

(OUTPUT INTERNALLY HIGH) 

Vo = 0 
11+ = 0 
11_ = 0 

V 

5 

vs 
SUPPLY VOLTAGE 

TA = O'C 

TA = 2S'C 

10 15 20 
vce-Supply Voltage-V 

FIGURE 8 

25 30 

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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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

60 

~ 50 

TYPICAL CHARACTERISTICSt 

LOW-LEVEL OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 

I 
VOL = 1 V 

_11+ =0 

PULL-DOWN CURRENT 
vs 

SUPPLY VOLTAGE 

TA = 25'e V-
V 

11_ = 100llA 

/ 

•~ 
~ 
::J 40 
o 

i 

...... 

"-

2.0 

1.8 

1.6 

~ 1.4 
I 

~ 1.2 
t:: 

TA::: 1_ 40'e 

,. 
TA::: 25'e 

o 0 30 
"CI 
CD ... 
I» ... 
ci" = e. 
l> 
3 
"2. 
=h 
CD' ... 
(I) 

c:( 

o o 

2.0 

1.8 

1.6 

~ 1.4 

'E 
~ 1.2 

a 1.0 

~ 8 0.8 

~ 0.6 

0.4 

0.2 

o 

{ 

11_ = 10llA 

, 
11_ = 51lA 

r 
5 10 15 20 25 30 

Vee - Supply Voltage - V 

FIGURE 9 

PULL-DOWN CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vee = 15V 

- ---- ............ r--..... 
I'-.. 

-75 -50 -25 0 25 50 75 100 125 
TA - Free-Air Temperature - 'e 

FIGURE 11 

::J o 1.0 

~ 8 0.8 
-l. 
~ 0.6 

0.4 

0.2 

o o 

8 

7 

r 

5 

'fA::: 85'C 

10 15 20 
vee-Supply Voltage-V 

FIGURE 10 

25 

TOTAL SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I 

I 
I 
I 

TA = 25'e 
No signal 
No load 

I 
5 10. 1520 25 

Vee-Supply VOltage-V 

FIGURE 12 

t Data at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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LM2900, LM3900 
QUADRUPLE OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

Norton (or current-differencing) amplifiers can be used in most standard general-purpose op-amp 
applications. Performance as a dc amplifier in a single-power-supply mode is not as precise as a standard 
integrated-circuit operational amplifier operating from dual supplies. Operation of the amplifier can be best be 
understood by noting that input currents are differenced at the inverting input terminal and this current then 
flows through the external feedback resistor to produce the output voltage. Common-mode current biasing is 
generally useful to allow operating with signal levels near (or even below) ground. 

Internal transistors clamp negative input voltages at approximately -0.3 V but the magnitude of current flow 
has to be limited by the external input network. For operation at high temperature, this limit should be 
approximately -100 !-IA. 2 
Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more 
critical since coupling from the output to the noninverting input can cause oscillations. Care must also be 
exercised when driving either input from a low-impedance source. A limiting resistor should be placed in en 
series with the input lead to limit the peak input current. Current up to 20 rnA will not damage the device but a; 
the current mirror on the noninverting input will saturate and cause a loss of mirror gain at higher current ;;:: 
levels, especially at high operating temperatures. =a 

E 
v+ II( 

1 MH 

1 MH 

1 MH 
INPUT --'\""" ..... - ... +-t 

"""--'~-OUTPUT 

91 kH 

10 " 1 mA per input volt 

FIGURE 13. VOLTAGE-CONTROLLED CURRENT SOURCE 

v+ 

1 MH 1 MH 

~ __ -OUTPUT 

100kH 
INPUT -".,.,vv-... --+--t 

100 kH 

1 kH 
10 ., 1 mA per input volt 

FIGURE 14. VOLTAGE-CONTROLLED CURRENT SINK 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

D3192, JANUARY 1989 

• Low Input Offset Voltage: 
LT1001AM ••• 15 J.lV Max 
LT1001AC ••• 25 J.lV Max 
LT1001M, LT1001C ••• 60 J.lV Max 

• Low Offset Voltage Temperature 
Coefficient: 
LT1001AM, LT1001AC ••• 0.6 J.lVrC Max 
LT1001M, LT1001C ••• 1 J.lVrC Max 

• Low Input Bias Current: 
LT1001AM, LT1001AC .•. ±2 nA Max 
LT1001M, LT1001C .•. ±4 nA Max 

• Low Common-Mode Rejection Ratio: 
LT1001AM, LT1001AC •.• 114 dB Min 
LT1001M, LT1001C ••• 110 dB Min 

• Low Supply Voltage Rejection Ratio: 
LT1001AM, LT1001AC ••• 110 dB Min 
LT1001M, LT1001C ••• 106 dB Min 

• Low Power Dissipation: 
LT1001AM, LT1001AC .•• 75 mW Max 
LT1001M, LT1001C ••• 80 mW Max 

• Low Peak-to-Peak Equivalent Input 
Noise Voltage ••• 0.3 J.lV Typ 

description 

D. JG. OR P PACKAGE 

(TOP VIEW) 

VIO TRIM DB VIO TRIM 
IN- 2 7 Vcc+ 
IN+ 3 6 OUT 

VCC- 4 5 NC 

L PACKAGE 

(TOP VIEW) 

VIO TRIM 

VCC-

NC - No internal connection 

NC 

Pin 4 (L package) is in electrical contact with the case. 

The LT1001 is a precision operational amplifier suited for applications such as thermocouple amplifiers, strain 
gauge amplifiers, lOW-level signal processing, and high-accuracy data acquisition. In the design, processing, 
and testing of the device, particular attention has been paid to optimizing the entire distribution of several key 
parameters. The input offset voltage of all units is less than 60 J.lV, and the LT1 001 AM is specified at 15 J.lV 
maximum. Power dissipation is nearly halved compared to the most popular precision operational amplifiers 
without adversely affecting· noise or. speed performance. The output drive capability of the LT1001 is 
enhanced with voltage gain at a load current of 10 mAo 

The specifications of the low-cost commercial-temperature device, the L T1 001 C, have been significantly 
improved when compared to equivalent grades of similar precision amplifiers. The input bias current, input 
offset current, and common-mode and supply voltage rejection ratios of the LT1001C offer performance 
previously attainable only with high-cost, selected grades of other devices, 

The M-suffix devices are characterized for operation over the full military temperature range of -55'C to 
125°C. The C-suffix devices are characterized for operation from O°C to 70°C. 

AVAILABLE OPTIONS 

PACKAGE 

TA VIO SMALL OUTLINE CERAMIC DIP METAL CAN PLASTIC DIP 
MAX 

(0) (JG) (L) (P) 

O'C 60llV LTl 001 CD LT1001CJG LT1001CL LT1001CP 

t010'C 251lV LT1001ACJG LT1001ACL LT1001ACP 

-55'C 60llV LT1 001 MJG LT1001ML 

to 125'C 151lV LT1001AMJG LT1001AML 

The 0 package Is available In tape and reel. Add the suffix R to the deVice type (e.g., 
LT1 001 COR). 

PROOUCTIOI DATA d ... mants .... tain inf.nn.ti ••. 
••• nat II of p.bn.otl •• data. PIId.eta ••• fonn to TEXAS ." 

Copyright @ 1989, Texas Instruments Incorporated 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

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

Supply voltage, VCC+ (see Note 1) ............................................ 22 V 
Supply voltage, VCC- .................................................... -22 V 
Differential input voltage (see Note 2) .......................................... ±30 V 
Input voltage range, VI .................................................... ±22 V 
Duration of short-circuit current at (or below) 25°C ............................... unlimited 
Continuous power dissipation ............................... See Dissipation Rating Table 
Operating free-air temperature range: M-suffix . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -55°C to 125°C 

C-suffix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 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 or L package ........... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package. . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values. except differential voltages, are with respect to the midpoint between VCC+ and VCC-. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25'C DERATING FACTOR TA = 70'C TA = 125'C 

POWER RATING ABOVE T A = 25'C POWER RATING POWER RATING 

D 725mW 5.8mW/'C 464mW 145mW 

JG (M-suffix) 1050 mW 8.4 mW/'C 672mW 21QmW 

JG (C-suffix) 825mW 6.6mWI'C 528 mW N/A 

L (M-suffix) 825mW 6.6mWI'C 528mW 165mW 

L (C-suffix) 650mW 5.2 mWI'C 416mW N/A 
p 1000 mW 8.0mWI'C 640mW 200mW 

recommended operating conditions 

M-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM 

Supply voltage, VCC+ 4 15 22 4 15 

Supply VOltage, VCC- -4 -15 -22 -4 -15 

Common-mode input voltage, VIC Ivcc+ = ±15V ±13 

Operating free-air temperature, TA -55 125 0 

UNIT 
MAX 

22 V 

-22 V 

±13 V 

70 'c 
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LT1001M, LT1001AM 
PRECISION OPERATIONAL AMPLIFIERS 

electrical characteristics, VCC± = ±15V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA 
LT1001M 

MIN TYP 

LT1001AM 

MAX MIN TYP MAX 
UNIT 

VIO Input offset voltage See Note 3 
25'C 18 60 7 15 

-55"C to 125'C 160 60 
JAV 

Average temperature 

avlO coefficient of input -55'Cto 125'C 0.3 1 0.2 0.6 JAVre 
offset voltage 

Long-term drift 01 
See Note 4 0.3 

input offset voltage 
1.5 0.2 1 JAV/mo 

110 Input offset current VO=O, VIC = 0 
25'C 0.4 3.8 0.3 2 

-55'C to 125'C 7.6 4 
nA 

liB Input bias current Vo = 0, VIC=O 
25'C ±0.7 ±4 ±0.5 +2 

-55'C to 125'C ±8 
nA 

±4 

Maxiumum peak RL",2kO 
25'C 

±13 ±14 ±13 ±14 

VOH output voltage RL'" 1 kO ±12 ±13.5 ±12 ±13.5 V 

swing RL",2kO -55'C to 125'C ±12 ±12.5 

Lerge-signal RL'" 2kO, Vo = ±12V 
25'C 

400 800 450 800 

AVO differential voltage RL'" 1 kil, Vo = ±10V 250 500 300 500 V/mV 

amplification RL",2kO, Vo = ±10V -55'Cto 125'C 200 300 

'id 
Differential input 

25'C 15 
resistance 

80 30 100 MO 

CMRR 
Common-mode 

VIC = ±13V 
25'C 110 126 114 126 

rejection ratio -55'C to 125'C 106 110 
dB 

kSVR 
Supply voHage 

VCC± = ±3 Vto ±18 V 
25'C 106 123 110 123 

dB 
rejection ratio -55'C to 125'C 100 104 

No load 
25'C 

48 80 46 75 

Po 
Total power No load, VCC± = ±3V 4 8 4 6 mW 
dissipation 

No load -55"C to 125'C 100 90 

NOTES: 3. The input offset voltage for all devices Is measured with high-speed test equipment approximately 1 second aller power is applied. 
The LT1001AM receives a 168-hour burn-in at 125'C or equivalent. 

4. Long-term drill 01 input offset voltage relers to the average trend line 01 offset voltage versus time over extended periods after the first 
30 days of operation. Excluding the Initial hour of operation, the change in VIO during the first 30 days is typically 2.5 JAV. 

operating characterlstlcs,VCC± = ±15 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
MIN 

LT1001M 

TYP MAX 

LT1001AM 

MIN TYP MAX 
UNIT 

SR Slew rate at unity gain RL'" 2 kO 0.1 0.25 0.1 0.25 V/IAS 

AV = 40 dB, ITA=25'C 50' 63' 

<l>m Phase margin al unity gain RS=l00il, ITA = MIN 63' 63' 

CL=10pF ITA - MAX 57' 57' 

VNPP 
Peak-to-peek equivalent 

1= 0.1 Hz to 10Hz 0.3 
input noise voltage 

0.6 0.3 0.6 JAV 

Vn Equivalent Input noise voltage 
1= 10Hz 10.5 18 10.3 18 

nV/1Hi 
1= 1 MHz 9.8 11 9.6 11 

GBW Gain bandwidth product 0.4 0.8 0.4 0.8 MHz 
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LT1001C, LT1001AC 
PRECISION OPERATIONAL AMPLIFIERS 

electrical characteristics, VCC± = ±15 V (unless otherwise noted) 

LT1001C LT1001AC 
PARAMETER TEST CONDITIONS TA UNIT 

MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage See Note 5 
25·C 18 60 10 25 

IlV 
O·Cto 70·C 110 60 

Average temperature 

aVIO coefficient 01 input O·Ctc 70·C 0.3 I 0.2 0.6 Ilvrc 
offset voltage 

Long-term drift of 
See Note 4 0.3 1.5 0.2 I IlVlmo 

input offset voltage 

110 Input offset current VO= 0, VIC =0 
25·C 0.4 3.8 0.3 2 

nA 
O"Cto 70·C 5.3 3.5 

25·C ±0.7 ±4 ±O.5 ±2 
liB Input bias current Vo = 0, VIC =0 nA 

0·Ct070·C ±5.5 ±3.5 

Maximum peak RL",2k!l 
25·C 

±13 ±14 ±13 ±14 

VOH output voltage RL",lka ±12 ±13.5 ±12 ±13.5 V 

swing RL",2ka O·Cto 70·C ±12.5 ±12.5 

Large·signal RL'" 2 ka, Vo = ±12V 
25·C 

400 800 450 800 

AVO differential vonage RL '" I ka, Vo - ±IOV 250 500 300 500 VlmV 

amplification RL'" 2 ka, Vo - ±IOV O·Cto 70·C 250 350 

~d 
Oifferentilllinput 

25·C 15 80 30 lOa Ma 
resistance 

CMRR 
Common-mode 25·C 110 126 114 126 

dB 
rejection ratio 

VIC = ±13V 
O·Cto 70·C 106 110 

kSVR 
Supply voltage 25·C 106 123 110 123 

dB 
rejection ratio 

VCC± = ±3Vto±18V 
O·Cto 70·C 103 106 

No load 48 80 46 75 

Po 
Total power No load, VCC± - ±3V 

25·C 
4 8 4 6 mW 

dissipation 
No load O·Cto 70·C 90 85 

Notes: 4. Long-term drift 01 input offset voltage refers to the average trend line of offset voltage versus time over extended periods after the first 
30 days of operation. Excluding the initial hour 01 operation, the change In VIO during the first 30 days is typically 2.5 IlV. 

5. The input offset voltage lor all devices is measured with high-speed test equipment approximately 1 second after power is appli~d. 

operating characteristics, VCC± = ±15 V, TA = 25°C (unless otherwise noted) 

PARAMETER 

SR Slew rate at unity gain 

c!>m Phase margin at unity gain 

VNPP 
Peak·to-peak equivalent 

input noise voltage 

Vn Equivalent input noise voltage 

GBW Gain bandwidth product 

TEST CONDITIONS 
MIN 

RL",2ka 0.1 

AV - 40 dB, ITA - 25·C 
RS = 100 a, ITA= MIN 

CL= 10pF ITA=MAX 

1= 0.1 Hz to 10 Hz 

1= 10Hz 

1-1 MHz 

0.4 

TEXAS • 
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TYP 

0.25 
60" 
63· 

57" 

0.3 

10.5 

9.8 

0.8 
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LTIOO1AC 

MAX MIN TYP 

0.1 0.25 
63· 

63· 

57" 

0.6 0.3 

18 10.3 

11 9.6 

0.4 0.8 

MAX 
UNIT 

VIliS 

0.6 IlV 

18 
nV/1Hz 

11 

MHz 
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LT1001M, LT1001AM, LT1001Ci LT1001AC 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICSt 

WARM-UP CHANGE INPUT OFFSET VOLTAGE 
OF REPRESENTATIVE UNITS 

vs 
IN INPUT OFFSET VOLTAGE 

vs 
FREE-AIR TEMPERATURE ELAPSED TIME 

50 VCC ±_±15V 
40r---~--+---+---47~~~~--~ 

±& VCC± - ±15 V 
TA - 2&OC 

~ 30r---~--+---+---~~~--~~~ 
I 
j 2q 
~ 10~~~~~~T---~~~--~~~ 

~ o~~f---+---+---~=±~~~~~ 
-10~~~~~~~~~-1~~--~ 

~ ... 
S -20r---r-~~~~--~~,,~~--~ 
I 

~ -30~~~--+-~~--~~~~~--~ 

-40r-~~~~~---1---1--~~~ 

-&~&~0~-~2~&~-70--~2~5~-5~0~-7~5~~~~ 
TA-Free-Air Temperature-OC 

FIGURE 1 

,/ 

!/ 
r 

o 
o 

LONG-TERM DRIFT OF 
INPUT OFFSET VOLTAGE 

OF REPRESENTATIVE UNITS 

10 
> ... 
I 
& 

! & 

• 
~ 
~ 0 ... 

( 
~ 

S 
S 

1-& ~ 
I 

~ 
<I 

-10 
o 

-

-
...... 

2 3 4 
Time - months 

FIGURE 3 

L PACKAGE 
~ 

D. JG. OR P PACKAGE 
~ 

2 3 4 
Time After Power-On-min 

FIGURE 2 

...... 

& 

tOata at high and low temperatures are applicable only wnhin the rated operating free-air temperature ranges of the various devices. 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICSt 
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INPUT OFFSET CURRENT 
and INPUT BIAS CURRENT 

vs 
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- ±15 V 
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INPUT BIAS CURRENT 
vs 

DIFFERENTIAL INPUT VOLTAGE 

VCC± - ±15 V 
TA - 25°C 
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/ 
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o 

i 
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III = 
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-1.5 

TA-Free-Alr Temperature- °c 

FIGURE 4 

INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 

VCC±-±15V 
TA - 25°C I~ 

VIC" 

DEVICE WITH POSITIVE INPUT CURRENT 

DEVI~E WIT~ NEGATIVE IN~UT CU~RENT 

'COMMO~-MODE' 2~ V 
I 

'ic - INPUT RESISTANCE = 0.1 nA - 280 Gil 

-15 -10 -5 o 5 10 15 
Vic-Cammon-Mode Input Voltage-V 

FIGURES 

VID-Dlfferentlallnput Voltage-V 

FIGURES 

COMMON-MODE INPUT VOLTAGE RANGE LIMITS 
vs 

FREE-AIR TEMPERATURE 
VCC+ 
-0.2 

-0.4 

> i -0.6 

~ ~ -0.8 

VCC~ - 1.~VtoI4V 
'1 

.. 0 
'E> -
:J~ 

1 VCC+ - 12 V to 18 V 

-8 8: o ::0 

::iii Ul 

c S 
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1 Ii I 
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-

--= -
"" 

---
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TA-Free-Air Temperature- °c 

FIGURE 7 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICSt 
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DIFFERENTIAL VOLTAGE AMPLIFICATION 
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FIGURE 9 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 

vs 
FREQUENCY 

VCC± - ±15 V ,-_ '" (Right Scale) at T A - 25°C 

~'" 
....... ......... 

............. 

'" ~ r\. 

'" ~ ~ \ 
AVO at TA - 125OC~ 

'\ 

"~r-. 
I"r-. 

r'\. 
AVO at TA - 25°C. -55°C 

5V 

1000 

80° 

120° 

:t: 
140° ii 

3: 
1600 f. 

I .. 
200° 

< -20 
0.1 10 100 1 k 10 k 100 k 

f-Frequency-Hz 

\ < -8 
10 M 0.1 

r I I I I I 
0.2 0.5 1'\'" 220° 

2 
f-Frequency-MHz 

FIGURE 10 FIGURE 11 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICSt 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 
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FIGURE 12 

COMMON-MODE REJECTION RATIO 
vs 

FREQUENCY 
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FIGURE 14 
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FIGURE 13 

SUPPLY VOLTAGE REJECTION RATIO 
vs 
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Vcc± - ±14.75 V to ±15.25 V -- TA - 25°C 
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FIGURE 15 

tData at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICSt 
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FIGURE 16 

EQUIVALENT INPUT NOISE VOLTAGE 
and EQUIVALENT (NPUT NOISE CURRENT 

vs 
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FIGURE 17 

OUTPUT NOISE VOLTAGE 
OVER A 

10-SECOND PERIOD 

4 

I:i! 100[iv~c~c~±~-~±:3~VVt.to;±±"1i8\V1~~JmI10 I:i! 1000 f - 0.1 Hz to 10 Hz 1 ~TA - 25°C ~ 900 VCC± - ±15 V --+---/----/ 
~ i ~-~~ 
I 40 I 1111 4 I ~ 800 r-'-'---+---+---+---i------i 

>1 W gbRI\I~R ~ I 7001---+---I---+---J---1 
It.-.'--/-+-t _ 4 Hz H+H++!--t--i-HH+lftl 8 >.t:o~ 

-= -~~ ~ 
.... ~ Vn (Left Scale) .1 

~ 10 z 

i 
j 

j 
I 
-f 

f- Frequency- Hz 

FIGURE 18 

2001---4---+---+---I---~ 

100~--4---+---+---I---~ 

OL-_~ __ _L __ _L __ _L __ ~ 

o 2 4 6 8 10 
t-Time-s 

FIGURE 19 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICS 

VOLTAGE-FOLLOWER 
SMALL-SIGNAL 

PULSE RESPONSE 

Vcc± - ±15 V 
AV - 1 
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TA - 25°C 
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FIGURE 20 
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FIGURE 22 
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FIGURE 21 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

PARAMETER MEASUREMENT INFORMATION 

Rzt 
100 Il 

R3t 
50 kll 

tResistors must have low thermoelectric potential. 

Rlt 
50 kll 

15 V 

-15 V 

>--~~VO - 1000VIO 

NOTE: This circu~ is also used as the bum-in configuration for the LTlOOI wnh supply voltages increased to ±20 V, RI = R3 = 10 kll, 
R2 = 200 n, and Av = 100. 

FIGURE 24. TEST CIRCUIT FOR INPUT OFFSET VOLTAGE AND ITS TEMPERATURE COEFFICIENT 

O.l,.F 

100 kll 

10 II 

Z kll 

~""JW'HI_"'U'-""- OSCILLOSCOPE 
Rin- 1MIl 

110 kll 

NOTES: A. Av = 50,000. 
B. The device under test should be warmed· up for three minutes and shielded from air currents. 

FIGURE 25. TEST CIRCUIT FOR O.1-Hz TO 10-Hz PEAK-TO-PEAK NOISE VOLTAGE 
(MEASURED OVER A 10-SECOND INTERVAL) 
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application notes 

LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL APPLICATION DATA 

The LT1001 series units may be inserted directly into OP-07 or LM108A sockets with or without removing 
external frequency compensation or nulling components. 

The L T1001 is specified over a wide range of supply voltages from ±3 V to ± 18 V. Operation with lower supply 
voltages (e.g., two Ni-Cad batteries) is possible down to ± 1.2 V. However, with ± 1.2-V supplies, the device is 
stable only in closed-loop gains of 2 or higher (or inverting gains of one or higher). 

Unless proper care is exercised, thermocouple effects caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals can exceed the inherent temperature coefficient of the amplifier. 
Air currents over device leads should be minimized, package leads should be short, and the two input leads 
should be as close together as possible and maintained at the same temperature. 

Input offset voltage adjustment 

The input offset voltage and temperature coefficient of the L T1 001 are permanently trimmed to a low level at 
wafer test. However, if further adjustment of VIO is necessary, nulling with a 1 O-kO or 20-kO potentiometer will 
not degrade the temperature coefficient. Trimming to a value other than zero creates a temperature coefficient 
change of (VIO/300) iJ.vrc. For example, if VIO is adjusted to 300 !-lV, the change in the temperature 
coefficient will be 1 !-lW'C. The adjustment range with a 10-kO or 20-kO potentiometer is approximately ±2.5 mY. 
If less adjustment range is needed, the sensitivity and resolution of the nulling can be improved by using a 
smaller potentiometer in conjunction with fixed resistors. The example in Figure 26 has an approximate null 
range of ±100 !-lV. 

INPUT 

7.5 kll 

1 kll 
~4-""--15V 

7.5 kll 

OUTPUT 

-15V 

FIGURE 26. IMPROVED SENSITIVITY ADJUSTMENT 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL APPLICATION DATA 

r-------.-------~~----~--------~----------._-------15V 

RI 

2.2 ~F + 
TANTALUM l' 

1 k[l 
INPUT"",,~~"""'~~~ 

2N5486 

0.01 ~F 

15-60 pF 
TUSONIX #519-3188 

3.9kll 

IN914 

3.9kll 

IN914 

3000 

200 pF 

2000t t-:J. 

30011 1.2 kO 

0.1 ~F 

q 
TANTALUM 

+h 
22~F-=· 

.---.... OUTPUT 

TANTALUM 

22 t:"l 
O.,t;i 

~--------~~-------4~--------___ -15V 

t Adjust for best square wave at output. 
NOTE: Full-power bandwidth is 8 MHz. 

FIGURE 27. DC-STABILIZED 1000-V/l-ls OPERATIONAL AMPLIFIER 
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10 kll 
INPUT --'\,/111,.-" 

-10 V to 10 V 0.1% 

LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL APPLICATION DATA 

10 kll 10 kll 10 kll 

0.1% 0.1% 

>---+-OUTPUT 
o to 10 V 

0.1% 

FIGURE 28. PRECISION ABSOLUTE VALUE CIRCUIT 

100 pF 

500 klll% 

>--+--OUTPUT 
1 V/"A 

100 pF 

FIGURE 29. PHOTODIODE AMPLIFIER· 

Vee + - 2 V to 35 V 
10 - ~ 

r---~ R VI to IVee+ - 1 VI 

2N2219 

-5 V 

R 

FIGURE 30. PRECISION CURRENT SINK 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

100 kO* 

100 kO 
15 pF 

tl%film 
:j: Ratio match 0.05% 

Q4 
2N2222 

TYPICAL APPLICATION DATA 

4.7 kO 

15 V 

4.7 kO 

Q5 

-15 V 

VSET 
DEAD-ZONE 
CONTROL INPUT 
o to 5 V 

15 pF 

3.3 kO 

VSET 
I 
I 

Vo 

NOTES: A. The bipolar symmetry for this application Is excellent because one device. 02; sets both limits. 

2-78 

B. 02-05 are a CA 3096 transistor array. 

FIGURE 31. DEAD-ZONE GENERATOR 
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VI 5 kll 
OtoIVCC_ + 1 VI 

LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL APPLICATION DATA 

5 kll 

5V 

Vcc- = -2 V to -35 V 

1000 pF 

R 

RC ~ 10- 4 

2N2219 

10 = ~ 
R 

FIGURE 32. PRECISION CURRENT SOURCE 

INPUT RS 

12Vt018V 

OUTPUT 
>-----4~- _ 10 V to 10 V 

-10 to 10 V -.JV\".,..-i 

-12Vto -18V 

OUTPUT ACCURACY 

LT1001AM LT1001C LT1001AM 

ERROR TA = 25'C TA = 25'C TA = -55'Cto 125'C 

MAX MAX MAX 

Input Offsel Voltage 15 "V 60 "V 60 "V 
Input Bias Current 20 "V 40 "V 40 "V 
Common-Mode Rejection Ratio 20 "V 30 "V 30 "V 
Supply Voltage Rejection Ratio 18 "V 30 "V 36 "V 
Differential Voltage Amplification 22 "V 25 "V 33 "V 
Worst-case Sum 95 "V 185 "V 199 "V 
Percent of Full Scale (= 20 V) 0.0005% 0.0009% 0.0010% 

LT1001C 

TA = O'C to 70'C 

MAX 

110 "V 

55 "V 

50 "V 
42 "V 

40 "V 

297 "V 
0.0015% 

NOTE: The contributing error terms are due to input offset voltage, input bias current, voltage gain, common-mode 
rejection ratiO, and supply voltage rejection ratio. The worst-case specifications are given in the above table. 

FIGURE 33. LARGE·SIGNAL VOLTAGE FOLLOWER WITH 0.001% WORST·CASE ACCURACY 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL APPLICATION DATA 

NONINVERTING 

INPUT 

INVERTING 

INPUT 

5V 

-5 V 

1.21 MO 

1% 

39.201% 

4.99 kO 1% 

20 kO 

5% 

IN914 

5 kO 5% 

OUTPUT 

2N3904 

NOTE: Positive feedback to one of the nulling terminals creates 5 IJV to 20 IJV of hysteresis. The input offset voltage is typically changed by less 
than 5 IJV due to the feedback. 

15 V 

t RN60C film resistors 

FIGURE 34. MICROVOLT COMPARATOR WITH TTL OUTPUT 

15 V 

-15 V 

REFERENCE OUT 
TO MONITORING 
AID CONVERTER 

> ..... _ .... Otol0V 

OUT 

340 kOt 

1.1 kOt 

GAIN 
':' TRIM 

FIGURE 35. STRAIN·GAUGE SIGNAL CONDITIONER WITH BRIDGE EXCITATION 
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LT1001 
PRECISION OPERATIONAL AMPLIFIER 

TYPICAL APPLICATION DATA 

1011 

-::- t 

--, 
15 V IN4001 I 0.1 ~F 

...--....... ----tIIIIII~-_.___1~ 

2 kll 

IN4148 

-15 V 
43 kll 

t-::-

0.611 
5W 

2N6387 

tSingle point ground thermocouples are 40 iJ.VI'C chromel·alumel (type K). 
NOTE: This circuit uses the temperature difference between the battery pack mounted thermocouple and Ihe ambient thermocouple to set the 

battery charge current. The peak charging current is 1 A. 

FIGURE 36. THERMALLY CONTROLLED NICAD CHARGER 

15 V 

'1.2 kll* 

10 kilt 

LM129 

tULTRONIX 10SA wirewound 
*1% film 
§Platlnum RTD 118MF (Rosemount, Inc.) 

1 k{J _ ODe 1 MIl* 

90 kilt 

OFFSET TRIM -::-

330 kilt 

1 ~F 

20 kll 

GAIN 
TRIM 

OUTPUT 
> .... ++-0 to 10V­

ODe to 100·e 

10 kot 

NOTE: Trim sequence: trim offset (O'C = 10000), trim linearity (35'C = 1138.70), trim gain (100'C = 1392.60). Repeal until all three points 
are fixed with ±0.025'C. 

FIGURE 37. LINEARIZED PLATINUM RESISTANCE THERMOMETER WITH ±O.025DC ACCURACY 
FOR TA = ODC TO 100DC 

ca 
c o 

'+:; 
ca .. 
Q) 
Q. 

o 

TEXAS ~ 
INSTRUMENTS 

2-81 

POST OFFICE BOX 666012 • DAl.L.AS, TEXAS 75265 



2-82 



LT1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 

• Maximum Equivalent Input Noise Voltage: 
3.8 nV/JHz at 1 kHz 
4.5 nV/JHz at 10 Hz 

• Low Peak-to-Peak Equivalent Input Noise 
Voltage: 60 nV Typ from 0.1 Hz to 10 Hz 

• Slew Rate (LT1037 and LT1037A): 
11 V/,.s Min 

LT1007A and LT1037A Specifications: 

• High Voltage Amplification: 
7 V/,.V Min. RL - 2 kO 
3 V/,.V Min. RL - 600 0 

• Low Input Offset Voltage 25 ,.V Max 

• Low Input Offset Voltage Temperature 
Coefficient: 0.6 ,.V/oC Max 

• Common-Mode Rejection Ratio: 117 dB Min 

description 

These monolithic operational amplifiers feature 
extremely low noise performance and out­
standing precision and speed specifications. 
The typical differential voltage amplification (at 
T A = 25°C) of these devices is an extremely 
high 20 V/p.V driving a 2-kO load to ± 12 Vand 
12 V/p.V driving a 600-0 load to ±10 V. 

In the design. processing. and testing of the 
device. particular attention has been paid to the 
optimization of the entire distribution of several 
key parameters. Consequently. the 
specifications of even the lowest-cost grades 
(the L T1 007C and the L T1 037C) have been 
greatly improved compared to equivalent grades 
of competing amplifiers. 

03195, FEBRUARY 1989 

OW SMALL-OUTLINE PACKAGE 

(TOP VIEWI 

NC NC 

NC 2 NC 
VIO TRIM 3 VIO TRIM 

IN- VCC+ 
IN+ OUT 

VCC- NC 

NC NC 

NC NC 

JG AND P 
DUAL-IN-LiNE PACKAGES 

(TOP VIEWI 

VIO TRIM DB VIO TRIM 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 NC 

L PLUG-IN PACKAGE 

ITOP VIEW) 

VIO 
TRIM 

NC 

VCC-

Pin 4 (L Packagel i~ in electrical contact with the case 
NC-No internal connection 

AVAILABLE OPTIONS 

VIOMAX 
PACKAGE 

TA SMALL-OUTLINE CERAMIC DIP METAL CAN PLASTIC OIP 
AT 25·C 

(OW) (JG) (li . (P) 

O·C 
6Ol'V LTlO07COW LTlOO7CJG LTlOO7CL LTlOO7CP 

251'V - LT1007ACJG LTlOO7ACL LTlOO7ACP 
to 

LTl037COW 
70·C 

60l'V LTlO37CJG LTlO37CL LTlO37CP 

2SI'V - LTlO37ACJG LTl037ACL LT1037ACP 

-SS·C 
6Ol'V - LTlOO7MJG LTlOO7ML LTlO07MP 

2SI'V - LTlO07AMJG LTlOO7AML LTlOO7AMP 
to 

LTlO37ML 
12S·C 

60l'V - LTl037MJG LTl037MP 

2SI'V - LTlO37AMJG LTl037AML LT1037AMP 

The OW packages are available taped and reeled. Add the suffix "R" to the device type. (e.g., 
LT1007COWRI. 

Copyright © 1989, Texas Instruments Incorporated 
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LT1007, LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

schematic 

I 

~ 

11 
0 51" 
"C 
CD .. 

CI li I» " .... 0 8 CD .. 
0' .... N 

:::I 'a 

!!. :i! 
CI » 1- ~ 

3 5l CI 

"2. .. .. 
li -+ ~ ::;; CD 

;' li 
~CI .. ~ (I) 

1-

.... 
;; 

li li 
": := .. 

2:1 'a >j! 
0 1-~ 

~ 
~~ -+ 

iii 

.~ 
" !! .. 
c 

.... ;= 
0 

8l:iii 
-0 .. 1--" -'I-" ... ;...J16 

:2~ 
Co LL " o Q. 5 

- N Co --e 
It II 8 

! ! uu~ 

2·84 TEXAS ." 
INSTRUMENlS 

POST OFFice BOX 656012 • DALLAS. TEXAS 75266 



LT1007, LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

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

Supply voltage, VCC + (see Note 1) ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 V 
Supply voltage, VCC _ .................................................... - 22 V 
Input voltage ............................................................ VCC± 
Duration of output short-circuit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Unlimited 
Differential input current (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Power dissipetion ......................................... see Dissipation Rating Table 
Operating free-air temperature range: 

LT1007M, LT1007AM, LT1037M, LT1037AM ........................ -55°C to 125°C 
LT1007C, LT1007AC, LT1037C, LT1037AC ............................ OOCto 70°C 

Storage temperature range ......................................... - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: OW and P packages ..... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG and L packages ...... 300°C 

NOTES: 1. All voltage values, unless otherwise noted. are with respect to the midpoint between VCC + and VCC _. 
2. The inputs are protected by back-to-back diodes. Current limiting resistors are not used in order to achieve low noise. Excessive 

input current will flow if a differential input voltage in excess of approximately ± 0.7 V is applied between the inputs. unless 
some limiting resistance is used. 

DISSIPATION RATING TABLE 

PACKAGE 
TA :s 2SoC DERATING FACTOR TA - 70°C TA - BSoC TA - 12SoC 

POWER RATING ABOVE TA - 2SoC POWER RATING POWER RATING POWER RATING 

OW 1025 mW 8.2 mW/oC 656 mW N/A N/A 

JG 1M-suffix) 10S0 mW 8.4 mW/oC 672 mW 546 mW 210mW 
JG IC-suffix) 825 mW 6.6 mW/oC 528 mW 429 mW N/A 

L IM·suffixl 825 mW 6.6 mW/oC 528 mW 429 mW 165mW 
L IC-suffix) 650 mW 5.2 mW/oC 416 mW 338 mW N/A 

P 1000mW 8 mW/oC 640 mW 520 mW 200 mW 

recommended operating conditions 

LT1007M. LT1037M LT1007C. LT1037C 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage. VCC + 4 15 22 4 15 22 V 

Supply voltage. VCC- -4 -15 -22 -4 -15 -22 V 

I TA = 25°C ±11 ±11 V 
Input voltage. VI I TA = full range ±10.3 ±10.5 V 

Operating free-air temperatue. T A -55 125 0 70 °c 
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LT1007M, LT1037M, LT1007AM, LT1037AM . 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIER 

electrical characteristics. VCC+ - 15 V. VCC- - -15 V 

PARAMETER TEST CONDITIONS TA 
LT1007, LT1037 LT1007A, LT1037A 

UNIT 
MIN TVP MAX MIN TVP MAX 

VIO See Note 3 
25°C 20 60 10 25 

Input offset voltage 
-55°C to 125°C 160 60 

p.V 

Average temperature 

""10 coefficient of input -55°C to 125°C 1 0.6 p.V/oC 

offset voltage 

E 
Input offset current 

25°C 12 50 7 30 
110 

-55°C to 125°C 85 50 
nA 

25°C ±15 ±55 ±10 ±35 
liB Input bias current 

-55°C to.125°C ±95 ±60 
nA 

Peak output voitage 
RL = 2 kll 25°C ±12.5 ±13.5 ±13 ±13.8 

VOM RL - 600 Il 25°C ±10.5 ±12.5 ±11 ±12.5 V 
swing 

RL = 2 kll -55°C to 125°C ±12 ±12.5 

RL ;" 2 kll. Vo = ±12 V 25°C 5 20 7 20 

Large-signal RL ;" 1 kll, Vo - ± 10 V 25°C 3.5 16 5 16 

AVO differential voltage RL ;" 600 Il, Vo = ± 10 V 25°C 2 12 3 12 V/p.V 

amplification RL ;" 2 kll, Vo = ±10V - 55°C to 125°C 2 3 

RL;" 1 kll, Vo = ±10V - 55°C to 125°C 1.5 2 
Common-mode input 

rHCM) resistance 25°C 5 7 Gil 

Open-loop output 
25°C 70 70 Il ro resistance 

CMRR Common-mode VIC = ±11 V 25°C 110 126 117 130 

VIC = ±10.3 V -55°C to 12SoC 104 112 
dB 

rejection ratio 

Supply voltage VCC± = ±4Vto ±18V 25°C 106 126 110 130 
dB kSVR rejection ratio VCC± = ±4.5 V to ± 18 V - 55°C to 125°C 100 104 

LT1007M, LT1007AM 25°C 80 140 80 120 

Po Power dissipation LT1037M, LTl037AM 25°C 85 140 80 130 mW 

-55°C to 125°C 170 150 

NOTE 3: Via measurements are performed by automatic test equipment approximately 0.5 seconds after application of power. 
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L 11 007C, L 11 037C, L 11 007 AC, LT1 037 AC 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIER 

electrical characteristics. VCC+ = 15 V. VCC- = -15 V 

PARAMETER TEST CONDITIONS TA 
LT1007, LT1037 LT1007A, LT1037A 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage See Note 3 
25°C 20 60 10 25 

O°C to 70°C 110 50 
~V 

Average temperature 

"VIO coefficient of input aoc to 70°C 1 0.6 ~V/oC 

offset voltage 

25°C 12 50 7 30 
110 Input offset current nA 

OoC to 70°C 70 40 

25°C ±15 ±55 ±10 ±35 
liB Input bias current nA 

OoC to 70°C ±75 ±45 

RL ~ 2 kO 25°C ±12.5 ±13.5 ±13 ± 13.8 

VOM 
Peak output voltage 

RL~6000 25°C ±10.5 ± 12.5 ±11 ±12.5 V 
swing 

RL ~ 2 kO O°C to 70°C ±12 ±12.5 

RL '" 2 kO, Vo ~ ±12 V 25°C 5 20 7 20 

Large-signal RL '" 1 kO, Vo - ±10 V 25°C 3.5 16 5 16 

AVO differential voltage RL'" 6000, Vo ~ ±10V 25°C 2 12 3 12 V/~V 

amplification RL '" 2 kO, Vo ~ ±10 V OoC to 70°C 2.5 4 

RL '" 1 kO, Vo - ± 10 V O°C to 70°C 2 2.5 

Common-mode input 
25°C 5 7 GO 'HCM) ,esistance 

Open-loop output 
25°C 70 70 0 '0 resistance 

CMRR Common-mode VIC ~ ±11 V 25°C 110 126 117 130 
dB 

rejection ratio VIC - ±10.5 V O°C to 70°C 106 114 

Supply voltage VCC± ~ ±4Vto ±18V 25°C 106 126 110 130 
kSVR dB 

rejection ratio VCC± ~ ±4.5Vto ±18V OoC to 70°C 102 106 

LT1007M, LT1007AM 25°C 80 140 80 120 

Po Power dissipation LT1037M, LT1037AM 25°C 85 140 80 130 mW 

OoC to 70°C 160 144 

NOTE 3: VIO measurements are performed by automatic test equipment approximately 0.5 seconds after application of power. 
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LT1007, LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

operating characteristics VCC± - ± 15 V, TA -25°C 

PARAMETER TEST CONDITIONS 
LT1007/LT1007A LT1037/LT1037A 

UNIT 
MIN TVP MAX MIN TVP MAX 

SR Slew rate 
RL'" 2 kll, AVD .. 1 (LT1007, LT1007A) 

RL .. 2 kll, AVD '" 5 (LT1037, LT1037A) 
1.7 2.5 11 15 V/p.s 

Peak-to-peak equivalent 0.1 Hz to 10 Hz, 
0.06 0.13 0.06- 0.13 ~V VNPP input noise voltage See Note 4 

Vn 
Equivalent input noise 10 Hz 2.8 4.5 2.8 4.5 

nV/$. 
noise voltage 1 kHz 2.5 3.8 2.5 3.8 

Equivalent input 10Hz, See Note 5 1.5 4 1.5 4 
pAl$. In 

noise current 1 kHz, See Note 5 0.4 0.6 0.4 0.6 

GBW Gain bandwidth product 
100 kHz 5 8 

60 
MHz 

10 kHz, AV '" 15 45 

NOTES: 4. See the test circuit and frequency response curve for O. 1 Hz to 10Hz noise (Figure 39) in the Applications Information section. 
5. See the test circuit for current noise measurement (Figure 40) in the Applications Information section. 
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LT1007. LT1007A. LT1037. LT1037A 
LOW·NOISE. HIGH·SPEED. PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

FIGURE 
Input offset voltage vs Temperature 1 

VB Time after power on 2 
Change in input offset voltage 

vs Time (long-term stability) 3 

Input offset current vs Temperature 4 

vs Temperature 5 
Input bias current 

over common-mode range 6 
Common-mode limit voltage vs Free-air temperature 7 

Maximum peak output voltage vs Load resistance 8 
swing vs Frequency 9 

vs Frequency 10 

vs Frequency (LT1007) 11 

vs Frequency (LT1037) 12 

Differential voltage amplification vs Temperature 13 

vs Load resistance 14 

vs Supply voltage 15 

at 2 kn and 600 n 16 

Differential input voltage vs Output voltage 16 

Common-mode rejection ratio vs Frequency 17 

Supply voltage rejection ratio vs Frequency 18 

vs Free-air temperature (L T1 007) 19 
Slew rate 

vs Free-air temperature (L Tl037) 20 
vs Frequency (L T1 007) 11 

Phase shift 
vs Frequency (L T1 037) 12 

vs Free-air temperature (L T1 007) 19 
Phase margin 

vs Free-air temperature (L T1 037) 20 

VB Free-air temperature 21 

vs Time (O.OI-Hz to I-Hz noise) 22 

Equivalent input noise voltage VB Frequency 23 

vs 8andwidth 24 

vs Supply voltage 25 

Equivalent input noise current vs Frequency 26 

Total noise vs Source resistance 27 

vs Free-air temperature (L T1 007) 19 
Gain bandwidth product 

vs Free-air temperature (L T1 037) 20 

Short-circuit output current vs Time (from short to GND) 28 

Supply current vs Supply voltage 29 

Closed-loop output impedance vs Frequency 30 

Pulse response (L T1 007) 
Small-signal (Cload - 15 pF) 31 

Large-signal 32 

Pulse response (L T1 037) 
Small-signal (Cload = 15 pF) 33 

Large-signal 34 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 656012 • DALLAS. TeXAS 76285 

PI 
U) .. 
Q) 

!E 
Q. 
E 

<C 
ca 
c o 

'';:; 

~ 
Q) 
c. o 

2-89 



o 
"'0 
CI> ... 
m 
r+ S· 
::::I 
!.. 

L 11 007, LT1 007 A, LT1037, LT1 037 A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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LT1007. LT1007A. LT1037. LT1037A 
LOW·NOISE. HIGH·SPEED. PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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LT1007, LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TVPICAL CHARACTERISTICS 
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LT1007, LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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toata at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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LT1007, LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 
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tOata at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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L T1 007, L T1 007 A, L T1 037, LT1 037 A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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tOata at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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LT1007, LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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toata at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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LT1007. LT1007A. LT1037. LT1037A 
LOW·NOISE. HIGH·SPEED. PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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toata at high and low temperatures are applicable within the rated operating free·air temperature ranges of the various devices. 
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LT1007, LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED; PRECISION OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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TYPICAL APPLICATION DATA 
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FIGURE 34 

The LT1007- and LT1037-series devices may be inserted directly into OP-07, OP-27, OP-37, and 5534 
sockets with or without removal of external-compensation or nulling components. In addition, the L T1007 
and LT1037 may be fitted to ,.A741 sockets by removing or modifying external nulling components. 

offset voltage adjustment 

The input offset voltage and its change with temperature of the LT1007 and LT1037 are permanently 
trimmed to a low level at wafer testing. However, if further adjustment of VIO is necessary, the use of 
a 10-kG nulling potentiometer, as shown in Figure 35, will not degrade drift with temperature. Trimming 
to a value other than zero creates a drift of VIO/300 ,.V 1°C (e.g., if VIO is adjusted to 300 ,.V, the change 
in temperature coefficient will be 1 ,.V/OC). 

The adjustment range with a 10-kG potentiometer is approximately ±2.5 mV. If a smaller adjustment range 
is needed, the sensitivity and resolution of the nulling can be improved by using a smaller potentiometer 
in conjunction with fixed resistors. The example in Figure 36 has an approximate null range of ± 200 ,.V. 

offset voltage and drift 

Unless proper care is exercised, thermocouple effects at the contacts to the input terminals, caused by 
temperature gradients across dissimilar metals, can exceed the inherent temperature coefficient of the 
amplifier. Air currents should be minimized, package leads should be short, input leads should be close 
together, and iJ<iput leads should be at the same temperature. 
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LT1007, LT1007A, LT1037, LT1037A 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

IN-

IN+ 

Vcc-

FIGURE 35. STANDARD ADJUSTMENT 

1 kll 

Vcc-
FIGURE 36. IMPROVED SENSITIVITY 

ADJUSTMENT 

The circuit shown in Figure 37 can be used to measure offset voltage. In addition, with the supply voltages 
increased to ±20 V, it can be used as the burn-in configuration for the LT1007 and LT1037. 

When RF oS 100 0 and the input is driven with a fast large-signal pulse (> 1 V), the output waveform will 
be as shown in Figure 38. 

During the fast-feedthrough-like portion of the output, the input protection diodes effectively short the 
output to the input and a current, limited only by the output short-circuit protection, is drawn by the signal 
generator. When RF is <!: 500 0, the output is capable of handling the current requirements (lL oS 20 mA 
at 10 V), the amplifier stays in its active mode, and a smooth transition occurs. 

When RF is > 2 kO, a pole will be created with RF and the amplifier's input capacitance, creating additional 
phase shift and reducing the phase margin. A small capacitor (20 pF to 50 pF) in parallel with RF will eliminate 
this problem. 

15 V 

Vo 

Vo - 1000 vos 

tResistors must have low thermoelectric potential 

FIGURE 37. TEST CIRCUIT FOR OFFSET 
VOLTAGE AND OFFSET VOLTAGE DRIFT WITH 

TEMPERATURE 

FIGURE 38. PULSE OPERATION 
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LT1007,LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

noise testing 

2-100 

Figure 39 shows a test circuit for 0.1-Hz to 10-Hz peak-to-peak noise measurement of the L T1 007 and 
L T1 037. The frequency response of this noise tester indicates that the 0.1 Hz corner is defined by only 
one zero. Because the time limit acts all an additional zero to eliminate noise contributions from the frequency 
band below 0.1 Hz. the test time to measure 0.1-Hz to 10-Hz noise should not exceed 10 seconds. 
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FIGURE 39. O.1-Hz TO 10-Hz NOISE TEST CIRCUIT 
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LT1007, LT1007A, LT1037, LT1037A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

Special test precautions are required to measure the typical 60-nV peak-to-peak noise performance of the 
LT1007 and LT1037: 

1. The device should be warmed up for at least five minutes. As the operational amplifier warms uP. 
the offset voltage typically changes 3 p.V. due to the chip temperature increasing 10°C to 20°C from 
the moment the power supplies are turned on. In the 10-second measurement interval. these 
temperature-induced effects can easily exceed tens of nanovolts. 

2. The device must be well shielded from air currents to eliminate thermoelectric effects. In excess of 
a few nenovolts, thermoelectric effects would invalidate the measurements. 

3. Sudden motion in the vicinity of the device can produce a feedthrough effect that increases observed 
noise. 

When measuring noise on a large number of units. a noise-voltage density test is recommended. A 10-Hz 
noise-voltage density measurement will correlate well with a 0.1-Hz to 1 O-Hz peak-to-peak noise reading 
since both results are determined by the white noise and the location of the 1/f corner frequency. 

Figure 40 shows a circuit that measures noise current and presents the formula for calculating noise current. 

10 kll 

8no 
[vn2 - [130 nV)2J% 

In - 1 Mil x 100 

FIGURE 40. NOISE TEST CIRCUIT 

The LT1007 and LT1037 achieve low noise. in part, by operating the input stage at 120 p.A versus the 
typical 10 p.A for most other operational amplifiers. Voltage noise is directly proportional to the square 
root of the stage current; therefore. the L T1007 and L T1 037 noise current is relatively high. At low 
frequencies. the low 1/f current-noise corner frequency ( .. 120 Hz) minimizes noise current to some extent. 

In most practical applications. however, noise current will not limit system performance; this is illustrated 
in Figure 27. where: 

total noise = [(noise voltage)2 (noise current x RS)2 + (resistor noise)2)% 

Three regions can be identified as a function of source resistance: 

(i) Rss4000 
(ii) RS" 400 0 to 50 kO at 1 kHz 

RS = 400 0 to 8 kO at 10Hz 
(iii) RS > 50 kO at 1 kHz 

RS > 8 kO at 10Hz 

Voltage noise dominates in region (i) 
Resistor noise dominates in region (ii) 

Current noise dominates in region (iii) 

The L T1 007 and L T1 037 should not be used in region (iii) where total system noise is at least six times 
higher than the noise voltage of the operational amplifier (i.e .• the low-voltage noise specification is 
completely wasted). 
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LT1007.LT1007A. LT1037. LT1037A 
LOW·NOISt HIGH'SPEED. PRECISION . OPERATIONAL AMPLIFIERS 
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TYPICAL APPLICATIONS 

The sine wave generator application shown below, utilizes the I ow· noise and low·distortion characteristics 
of the LT1037. 

43011 

">~""-'OUTPUT 

C 
#327 LAMP 

f __ 1_ 

2"RC 
R - 1591.51l ±0.1% 
C - 0.1 "F ±0.1% 

FIGURE 41. 

TOTAL HARMONIC DISTORTION s 0.0025% 
NOISE s 0.001% 
AMPLITUDE - ± 8 v 
OUTPUT FREQUENCY - 1.000 kHz FOR VALUES GIVEN ± 0.4% 

ULTRA·PURE 1·kHz SINE·WAVE GENERATOR 

EQUIVALENT INPUT NOISE VOLTAGE 
OVER A 10·SECOND PERIOD 

f - 0.1 Hz to 10Hz 340 kll 15 kll 20 kll 
1% 5% TRIM 

>=6'---.. OUTPUT 

IL Uhl A.~MlJ II..lA lA 
~J IY!\ ~Ir, ~JJ1 1hW'" ~ ~'~ , 

~f I 

o 2 4 6 

t-Time-s 

FIGURE 42 

Ir' ~'IJ 
:' 

8 

"~ 

10 

IN+ -15 V 
RN60C FILM RESISTORS 

The high gain and wide bandwidth of the LT1037 and ILT1007) 
is useful in low·frequency high-closed-Ioop-gain amplifier 
applications. A typical preCision Op Amp may have an open loop 
gain of one million with 500 kHz bandwidth. As the gain error plot 
shows, this device is capable of 0.1 % amplifying accuracy up to 
0.3 Hz only. Even instrumentation range Signals can vary at a faster 
rate. The LT1037's "gain precision-bandwidth product" is 200 
times higher, as shown. 

FIGURE 43. GAIN 1000 AMPLIFIER WITH 
0.01% ACCURACY, DC to 5 Hz 
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LT1007. LT1007A. LT1037. LT1037A 
LOW-NOISE. HIGH-SPEED. PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATIONS 

eft 0.1 

I g 
w 

·i 
Cl 0.01 

= == -

I--

0.001 
0.1 

GAIN ERROR 
vs 

FREQUENCY 
CLOSED LOOP GAIN = 1000 

TYPICAL 
PRECISION 
OPAMP ~ 

LT1 027 V 

/ 
V LT1037 

GAIN ERROR -
CLOSED LOOP GAIN 

OPEN LOOP GAIN 
1JI 

10 

f-Frequency- Hz 

FIGURE 44 

10 kll 

100 

340 k 1% 20 k 5% 

IN+ 

TRIM 

OUTPUT ± 10 V >=-..... -AJIIIr----i ..... ..--

The addition of the LT1007 doubles the amplifier's output drive 
to ± 33 mAo Gain accuracy is 0.02%, slightly degraded compared 
to above because of self heating of the LT1037 under load. 

FIGURE 46. PRECISION AMPLIFIER DRIVES 
300-{} LOAD TO ± 10 V 

IN+ 

r----.... -15V 

365 [I 
1% 

15 k[l 
1% 

C>--.......... OUTPUT 

Positive feedback to one of the nulling terminals creates 
approximately 5 /LV of hysteresis. Output can sink 16 mAo 

Input offset voltage is typically changed less than 5 p.V due to the 
feedback. 

FIGURE 45. MICROVOLT COMPARATOR 
WITH HYSTERESIS 

MAG PHONO 
INPUT 

O.Ol,.F 
100 k[l 

OUTPUT 

ALL RESISTORS METAL FILM 

FIGURE 47. PHONO PREAMPLIFIER 
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LT1007, LT1007A, LT1037, LT103.7A 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

15 V-t...-.... >-----, 

1 kll 

~I 
IRRADIA~I 

I 

3311 

OPTICAL 
CHOPPER 

26711* 

TYPICAL APPLICATIONS 

TAPE HEAD 
INPUT 

4.99 kll 0.01 

316 kll 

OUTPUT 

ALL RESISTORS METAL FILM 

FIGURE 48. TAPE HEAD AMPLIFIEH 

10 II 
100 ~F 

+~ 
2N2219A ':' 

+ 

PHOTO·CONDUCTIVE 
INFRA·RED 
DETECTOR 
HgCdTe TYPE 
INFRA·RED ASSOCIATES. INC 

1311 AT 77 oK 
*. 1% metal film 

CHOPPED DETECTOR 
OUTPUT 

~ 

OUTPUT 
TO DEMODULATOR 

392 kll* 
SYNCHRONOUS 

39211* 

FIGURE 49. INFRA·RED DETECTOR PREAMPLIFIER 
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LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 

LOW-NOISE OPERATIONAL AMPLIFIERS 
03233, MAY 1988 - REVISED FEBRUARY 1989 

Input Bias Current ... ± 30 pA Typ, JG OR P PACKAGE 

± 100 pA Max at 25°C (TOP VIEW) 

Input Offset Voltage ..• 30 I1V Typ, 
COM" U co.'" 120 I1V Max at 25°C IN- 2 7 VCC+ 

Offset Voltage Temperature Coefficient ..• IN+ 3 6 OUT 

1.5 11 VloC Max vcc _ 4 5 NC 

Low Peak-to-Peak Noise Voltage at 
L PACKAGE 

0.1 Hz to 10 Hz ... 0.5I1V 
(TOPVIEWI 

Low Supply Current .•• 380 I1A Typ, 
600 I1A Max at 25°C 

Supply Voltage Rejection Ratio .•• 114 dB 
Min at 25°C 

Common-Mode Rejection Ratio ... 114 dB 
Min at 25°C 

High Voltage Amplification with 5-mA Load 
Current 

NC - No internal connection 
Pin 4 (L Package) is in electrical contact 

Applications: with the case. 

Precision Instrumentation 
symbol Charge Integrators 

Wide-Dynamic-Range Logarithmic 
Amplifiers w.=tt-Light Meters OUT 

IN - -Low-Frequency Active Filters 
COMP2 Standard Cell Buffers 

Thermocouple Amplifiers 
COMP1 

description 

The L T1 008 is a precision operational amplifier that can be used in practically all precision applications. The 
L T1 008 offers picoampere bias currents (maintained over the full temperature range), microvolt offset voltage, 
low offset voltage temperature coefficient and long-term drift, low voltage and current noise, and low power 
dissipation. Additionally, the L T1 008's precision specifications include high common-mode and supply voltage 
rejection ratios. The L T1 008 can deliver a 5-mA load current with high voltage amplification. 

The L T1 008 is externally compensated with a single capacitor to add flexibility in shaping the frequency 
response of the amplifier. The L T1 008 is a pin-for-pin replacement for the LM108 series. 

The L T1 008M is characterized for operation over the full military temperature range of -55°C to 125°e. The 
L T1 008e is characterized for operation from Doe to 70oe. 

TA 

O'C 
to 

70'C 
-55'C 

to 
125'C 

PRODUCTION DATA documonts contain Information 
curront.1 of publication date. Products confono to 

AVAILABLE OPTIONS 

PACKAGE 

CERAMIC DIP METAL CAN PLASTIC DIP 

(JGI (Ll {PI 

LT1008CJG LT1008CL LT1008CP 

LT1008MJG LT1008ML LTlOO8MP 

Copyright © 1988, rexas Instruments Incorporated 
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LTt008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW-NOISE OPERATIONAL AMPLIFIERS 

schematic 

COMP1 COMP2 

r-~-----+--~------~----~r-~--~--~--~----------~vcc+ 

OUT 

IN-

IN + ---1--+--+------1--+----~ 

All resistor values shown are nominal and in ohms. 

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

Supply voltage, Vee+ (see Note 1) ..................................................... 20 V 
Supply voltage, Vec- .............................................................. - 20 V 
Input voltage range, VI .............................................................. ± 20 V 
Differential input current (see Note 2) ................................................ ± 10 mA 
Duration of output short-circuit at (or below) 25°e (see Note 3) ............................ unlimited 
Operating free-air temperature, T A: LT1008M ................................... - 55°C to 125°e 

L T1008e ....................................... ooe to 700 e 
Storage temperature range .................................................. - 65°e to 1500 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG or L package .............. 3000 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ................... 2600 e 

NOTES: 1. All voltage values are with respect to the midpoint between VCC+ and VCC- . 
2. Differential input voltages greater than 1 V will cause excessive current to flow through the input protection diodes unless current­

limiting resistors are used. 
3. The output may be shorted to either supply. 

recommended operating conditions 
LT1008M LT1008C 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, V cc ;1:20 ;1:20 V 
Common-mode input voltage, VIC I VCC+ = ±15V ± 13.5 -15 ± 13.5 V 
Operating free-air temperature, T A -55 125 0 70 °C 
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LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 

LOW-NOISE OPERATIONAL AMPLIFIERS 

electrical characteristics, VCC ± = ± 15V, VIC = 0 (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
LT1008M LT1008C 

UNIT 
MIN TYP MAX MIN TYP MAX 

VCC± = ±15V, VIC = 0 
25'C 30 120 30 120 

Full range 250 180 

VIO Inpul offset voltage 
VCC± = ±15V, 25'C 40 180 40 180 

IlV 
VIC = ±13.5V Full range 320 250 

VCC± = ±2Vto±20V 25'C 40 180 40 180 

VCC+ = ±2.5Vto±20V Full range 320 250 
Average temperature 

"VIO coefficient of input offset Full range 0.2 1.5 0.2 1.5 IlV/'C 
voltage 

Long-term drift of 
25'C 0.3 0.3 IlV/mo 

input offset voltage 

VCC± = ±15V,VIC = 0 
25'C 30 100 30 100 

Full range 250 180 

110 Input offset current 
VCC± = ±15V, 25'C 40 150 40 150 

pA 
VIC = ±13.5 V Full range 350 250 

VCC± = ±2Vto±20V 25'C 40 150 40 150 

VCC± - ±2.5 Vlo ± 20 V Full range 350 250 
Average temperature 

"110 coefficient of input offset Full range 0.4 2.5 0.4 2.5 pArC 
current 

VCC± = ±15V,VIC = 0 
25'C ±30 ± 100 ±30 ± 100 

Full range ± 600 ± 180 

lIB Input bias current 
VCC± - ±15V, 25'C ±40 ± 150 ±40 ± 150 

pA 
VIC = ±13.5V Full range ±800 ±250 

VCC± = ±2Vto±20V 25'C ±40 ± 150 ±40 ± 150 

VCC ± = ±2.5 Vto±20 V Full range ±800 ±250 
Average temperature 

"liB coefficient of input bias Full range 0.6 6 0.4 2.5 pArC 
current 

VICR 
Common-mode input 25'C ± 13.5 ±14 ± 13.5 ±14 
voltage range Full range ± 13.5 ± 13.5 

V 

VOM 
Maximum peak output 

RL = 10kQ 
25'C ±13 ±14 ±13 ±14 

voltage swing Full range 
V 

±13 ±13 

Large-signal differential 
Vo = ± 12V, 25'C 200 2000 200 2000 

AVO RL2:10kQ Full range 100 150 V/mV 
voltage amplification 

Vo = ± 10 V, RL 2: 2 kQ 25'C 120 600 120 600 

CMRR 
Common-mode 

VIC = ±13.5 V 
25'C 114 132 114 132 

rejection ratio Full range 108 110 
dB 

kSVR 
Supply-voltage rejection VCC+ = ±2Vto±20V 25'C 114 132 114 132 

ratio (aVCC+ / aVIO) VCC± = ±2.5Vto±20V Full range 108 110 
dB 

VCC± = ±15V, 
25'C 380 600 380 600 

ICC Supply current 
VIC = ±13.5V 

ItA VCC± = ±2Vto±20V 25'C 380 600 380 600 

VCC± = ±15V,VIC = 0 Full range 800 800 

tFull range is -55'C to 125'C for the L Tl008M and O'C to 70'C for Ihe L Tl008C. 
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LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW-NOISE OPERATIONAL AMPLIFIERS 

operating characteristics, VCC ± = ± 15 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX 
SR Slew rate at unity gain CI = 30 pF, See Figure 29(a) 0.1 0.2 

VNPP Peak-to-peak equivalent input noise voltage 1 = 0.1 Hz to 10 Hz 0.5 

Vn 
1 = 10 Hz 17 30 

Equivalent input noise voltage 
1 = 1 kHz 14 22 

In Equivalent input noise current 1 = 10 Hz 20 

TYPICAL CHARACTERISTICS 

table of graphs 

FIGURE 

VIO Input offset voltage 
vs Temperature 1 
vs Source resistance 5 

tNIO Change in Input offset voltage 
vs Time - minutes 2 

vs Time - months 3 

"VIO 
Temperature coefficient 01 

vs Source resistance 6 
input offset voltage 

liB Input bias current 
vs Common·mode Input voltage 7 
vs Temperature 8 , 
vs Load resistance 9 

AVO Differential voltage amplilication 
vs Frequency 10,11,12 

CMRR Common-mode rejection ratio vs Frequency 13 

kSVR Supply-voltage rejection ralio vs Frequency 14 

lOS Short-circuit output current vs Time 15 

ICC Supply current vs Supply voltage 4 
SR Slew rate vs Compensation capacitance 16 

VNPP Peak-to-peak equivalent input noise voltage vs Time 17 

Vn' In 
Equivalent Input noise voltage and 

vs Frequency 18 
equivalent input noise current 
Total equivalent input noise voltage vs Source resistance 19 
Phase shift vs Frequency 11,12 

Pulse response 
Small-signal 20,21,22 
Large-signal 23,24 

2-108 TEXAS ." 
INSfRUMENlS 

POST OFFICE BOX 655012. DALLAs, TEXAS 75265 

UNIT 
V/IJB 
I!V 

nV/% 

IAJ% 



LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 

LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 2 
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vs 

SUPPLY VOLTAGE 

TA = 25°C 

TA = 125°C 

TA = -SS"C 

±5 ±10 ±15 

VCC± - SupplyVoltege - V 

FIGURE 4 

toata for temperatures below ooe and above lOoe are applicable to the L T1008M only. 
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LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

INPUT OFFSET VOLTAGE 
vs 
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OF INPUT OFFSET VOLTAGE 

> 
E 
I 

" '" 
~ 
'OJ 

~ 
'5 
"'-
.5 
I 
0 
>" 

c( 
"'-
I 

C 
I!! 
:; 
0 
<II .. 
iii 
'5 
"'-

SOURCE RESISTANCE 
10 

VCC+=+15V 

TA = 25°C 
/ 

/ 

V / 

/ 1/ 

V 

0.1 
MAXIMUM ..--/ / 
TYPICAL ./" 

0.01 
1 k 10 k 100 k 1M 10M 100M 

60 

40 

20 

0 

RS - Source Resistance - 0 

FIGURES 

INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 

VCC± = ±15V 

TA = 25°C 

POSITIVE INPUT CURRENT 

-,--
riC ~ 2 x 10120 

NEGATIVE INPUT CURRENT 

.5 - 20 ----I 

~ 
-40 p . ~ 

VIC 

-60 
- 15 - 10 - 5 o 5 10 15 

VIC - Common-Mode Input Voltage - V 

FIGURE 7 

vs 
SOURCE RESISTANCE 

100 

VCCt=±15V 

~ 
"'-
I 

C 
.~ 10 / 
~ 
0 
I!! 

! 
8-
E 

./ / 
MAXIMUM / 

~ 
I 

Q ./ 

~ TYPICAL .-/ 

0.1 
1 k 10k 100 k 1M 10 M 

100 

c( 50 
"'-
I 

C 
~ 0 
" 0 

.! 
ID 
'5 -50 
"'-
.5 
I 
ID 
-=--100 

-150 

RS - Source Resistance - 0 

FIGURE 6 
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toata for temperatures below ooe and above 700 e are applicable to the L T100aM only. 
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LT1 OOaM, LT100aC 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 

LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
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LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION and PHASE SHIFT 
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toata for temperatures below O·C and above lO·C are applicable to the L T1 OOaM only. 
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LT1008M, lTt008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 15 

4 

ID ... 
I 

SUPPLY-VOLTAGE REJECTION RATIO 
vs 

FREQUENCY 
140 '--"""""11'-"""""1-"""'--"-""""'-"""'--' 

o 120I-~Prl ... -+--t--+--+--l 

i 1100 I-~r-"""----'\rl..-----+--!---j..--l 
ar 
II: 

Cs = 100 pF ----+~__.. 
60 See Figure 29(b) ----1f--~-"<,.._'I,,---+-_I 

I I 
40 POSITIVE SUPPLY +--+--"<-+--'~<----I 

C, = 30pF 
See Figura 29(a) 

20~~~~-~-~-~~~-~ 

0.1 10 100 lk 10k lOOk 1M 
, - Frequency - Hz 

FIGURE 14 

SLEW RATE 
vs 

COMPENSATION CAPACITANCE 
10 

VCC± = ±15V 
AV = 1 
RL = 2kO 
TA = 25"C 
See Figura 29 

~ 
Cs 

0.1 
o 

\. -"-
~C, 
~ 

"" 20 40 60 80 
Compensation Capacitance - pF 

FIGURE 16 

--
100 

tOata for temperatures below O"C and above 70"C are applicable to the LTt008M only. 
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LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 

LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

OUTPUT NOISE VOLTAGE 
OVER A 1 Q-SECOND PERIOD 

2000 .---"""1""--.,..---.,.--..,.----, 
VCC= ±2Vlo±2OV 
1=0.1 Hzlol0Hz 

1600 TA = 25°C 

4001---+----+------+---1---1 

O~-~--~-~--~-~ o 2 4 6 8 10 
I-Tlme-s 

FIGURE 17 

TOTAL EQUIVALENT INPUT NOISE VOLTAGE 
VB 

SOURCE RESISTANCE 
10 

VCC:t = :t2Vto :t20V 
TA = 25°C 

f=10H:~ 
1=lkHz 

0.1 
=~ 

L,t 

ff 

= R + RS=2R / 

1 = 10 Hz A-I f 1. 1 kHz ....?7 
~ RESISTOR NOISE ONLY 

0.0~02 103 104 105 106 107 108 

RS - Source Resistance - II 

FIGURE 19 

~~ c _ 

I I 

8.~ 
~ ~ 
o " >CJ 
1U o 0 zz 
11 
.5.5 

~ ~ 
il 
" " gg 
I I 
c c >-
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E 
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8. 
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i 

EQUIVALENT INPUT NOISE VOLTAGE 
and EQUIVALENT INPUT NOISE CURRENT 

VB 
FREQUENCY 

1000 
VCC:t = ±2Vlo :t20V 
TA = 25°C 

100 

~n 

b-.... 
Vn ...... 

10 
111 CORNER = 2.5 Hz 

III CORNER = 120 Hz 

1 
1 

80 

60 

40 

20 

0 

111111 

111111 

10 100 
f - Frequency - Hz 

FIGURE 18 

VOLTAGE-FOLLOWER 
SMALL-SIGNAL 

PULSE RESPONSE 

VCC:t = :t15V 
Av = 1 
c,= 30pF 
CL= l00pF 
lA = 25°C 

111111 

1111 

1000 

5- 20 
I 
0 
>-40 

-60 

-80 

1\ 

o 10 20 30 40 50 60 70 
I-Tlme-)1s 

FIGURE 20 
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LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW·NOISE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

8 

6 

> 
E 

4 

I .. 2 
'" ~ 
> 0 

i -2 0 
I 

~ -4 

-6 

-8 
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> 
E 

4 

I .. 2 
'" ~ 
0 
> 0 
'5 
~ -2 0 
I 

~ -4 

-6 

-8 

VOLTAGE-FOLLOWER 
SMALL-SIGNAL 

PULSE RESPONSE 

YCC± = ±15Y 
Ay = 1 
CS=100pF 

CL=100pF 

TA = 25°C 

If 

o ~ ~ 00 00 1001~1~100 

t-Tlme-l1s 

FIGURE 21 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL 

PULSE RESPONSE 

YCC± = ±15Y 
Ay = 1 
Cf = 30pF 

TA = 25°C 

/ 1\ 
I \ 

/ 1\ 
\ 

\ 

o ~ ~ 00 00 ~1~1~100 

t-Time-l1s 

FIGURE 23 
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I 
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'5 
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" -2 0 
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~ -4 
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-8 

8 

6 

> 
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4 

I .. 2 
i 
~ 0 
'5 
~ -2 0 
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~ -4 

-6 

-8 

VOLTAGE-FOLLOWER 
SMALL-SIGNAL 

PULSE RESPONSE 

YCC± = ±15Y 
Ay = 1 

Cs = 100pF 
CL = 600pF 

TA = 25°C 

o ~ ~ 00 00 1001~1~100 

t-Time-l1s 

FIGURE 22 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL 

PULSE RESPONSE 

YCC± = ±15Y 
Ay= 1 
CS=100pF 
TA=25°C II \ 

\ 
/ 
/ \ 

\ 

o ~ ~ 00 00 1001~1~100 

t - Time - j1S 

FIGURE 24 
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LT1008M, LTI008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 

LOW·NOISE OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

achieving picoampere, microvolt performance 

Proper care should be exercised to realize the picoampere, microvolt accuracy of the L Tl ~OS. Because 
leakage currents in external circuitry can significantly degrade performance, high-quality insulation should be 
used (e. g.,Teflon, Kel-F). All insulating surfaces should be cleaned to remove fluxes and other residues. 
Surface coating may be necessary to provide a moisture barrier in high-humidity environments. 

Board leakage can be minimized by encircling the input circuitry with a guard ring operated at a potential close 
to that of the inputs (see Figure 25). In inverting configurations, the guard ring should be tied to ground; in 
noninverting configurations, the guard ring should be tied to the inverting input (pin 2). Both sides of the 
printed circuit board should be guarded. Bulk' leakage reduction depends on the guard ring width. 
Nanoampere-Ievelleakage into the compensation terminals can affect input offset voltage and its temperature 
coefficient (see Figure 26). 

Microvolt-level error voltages can also be generated in the external circuitry. Thermocouple effects, caused 
by temperature gradients across dissimilar metals at the contacts to the input terminals, can exceed the 
inherent temperature coefficient of the amplifier. Air currents over device leads should be minimized, package 
leads should be short, and the two input leads should be as close together as possible and maintained at the 
same temperature. The LT100S is specified over a wide range of supply voltages from ±2 V to ±IS V. 
Operation with lower supplies (down to ±1 V) is possible with two Ni-Cad batteries. 

FIGURE 25. GUARD RING 

noise testing 

NOTES: 

R2 
1000 

R3 
50kQ 

Rl 

50kO 

15V 

>--.... - VO=1000vIO 

-15V 

A. Resistors must have low thermoelectric potential. 
B. This circuit is also used as the burn·in configuration for 

the L TI 008, with supply voltages increased to.± 20 V, 
RI = R3 = 20 kn, R2 = 200 0, and AV = lOa. 

FIGURE 26. TEST CIRCUIT FOR VIO AND aVIO 

The peak-to-peak equivalent input noise voltage of the L Tl00S is measured in the test circuit shown in 
Figure 27. The frequency response of this noise tester indicates that the O.I-Hz to 10-Hz noise should not 
exceed 10 seconds, as this time limit acts as an additional zero to eliminate noise contributions from the 
frequency band below 0.1 Hz. 

An input noise voltage test is recommended when measuring noise in a large number of units. AID-Hz input 
noise voltage measurement correlates well with a O.I-Hz peak-to-peak noise reading because both results are 
determined by the white noise and the location of the llf corner frequency. 

Current noise is measured by the current shown in Figure 2S and calculated by the following formula in which 
the noise of the source resistors is subtracted: 

[Vno 2 - (S20 nV) 2]1/2 

In = 40 Mn x 100 

'ii 
c o 
":; 
IV ... 
CI) 
c. o 
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LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW-NOISE OPERATIONAL AMPLIFIERS 

TVPICAL APPLICATION DATA 

noise testing (continued) 

0.111F 

100 ItO 

LT1008 

4.3 ItO 22I1F OSCILLOSCOPE rr- Rln=tMO 

...... _wv-....... 2.2I1F 1 1110ko 

NOTE A: All capacitor values are for nonpolarized capacitors only . 

FIGURE 27. O.1·Hz TO 10·Hz PEAK·To-PEAK NOISE VOLTAGE TEST CIRCUIT 

1000 Vno 

t Metal film. 

FIGURE 28. NOISE CURRENT TEST CIRCUIT 

frequency compensation 

The LT1008 is externally frequency compensated with a single capacitor. The two compensation circuits 
shown in Figure 29 are identical to the frequency compensation circuits for the LM108A series. Therefore, 
the L T1 008 operational amplifiers can be inserted directly into LM1 08A or LM308A sockets, with similar ac and 
upgraded dc performance. 

R1 R2 
IN _ --'lRM1~~-JWI.---' 

R3 OUT 
IN + --'lRM3~-I;~ 

OUT 

Ct (see Note A) 

(a) STANDARD COMPENSATION (b) ALTERNATE COMPENSATION (_ Note B) 

NOTES: A. Ct ;, (Rl x Co) I (R1 + R2), Co = 30 pF. Bandwidth and slew rate are proportional to l/Cf. 
B. This circuit improves the supply voijage reiection ratio by a factor of 5. 
C. Bandwidth and slew rate are proportional to l/Cs' 
D. For (R2IR1) > 200. no external frequency compensation is necessary. 

FIGURE 29. FREQUENCY COMPENSATION CIRCUITS (see Note D) 
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LT1008M, LTl008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 

LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

frequency compensation (continued) 

I 

External frequency compensation provides additional flexibility in shaping the frequency response of the 
amplifier. For example, for a voltage gain of 10 and Cf = 3 pF, a gain-bandwidth product of 5 MHz and slew 
rate of 1.2 V/fJS can be realized. For closed-loop gains greater than 200, no external compensation is 
necessary, and the slew rate increases to 4 V/JJS. The LT1008 can also be overcompensated (e.g., Cf > 30 pF 
or Cs > 100 pF) to improve capacitive-load-handling capability or to narrow noise bandwidth. In applications 
in which the feedback loop around the amplifier has gain, overcompensation can stabilize the circuit with a 
single capacitor. 

The availability of the compensation terminals permits the use of feed-forward frequency compensation to 
enhance slew rate in low closed-loop-gain configurations (see Figure 30). The inverter slew rate is increased 
to 1.4 V/JJS. The voltage-follower feed-forward scheme bypasses the amplifier's gain stages and slews at 
nearly 1 0 V/Ils. . 

C2 

5pF 

R2 

R1 10kQ 
IN 

10kQ LT1008 

R3 
3kQ 

C1 C3 
SOOpF 110 PF 

8 

6 

\ 
\ 

OUT 

1\ 

~. 

20 

15 

> 10 
I 

J 5 

~ 
'S 0 

t o -5 
I 

30pF 

10kn 

LT100S 

IN 10kQ 

{saeNoleA) 

1000pF 

NOTE A: As S 15 kQ lor stability. 

r 
I 

OUT 

\ 
\-

~ -4 \.. ~-10 
-

-6 

-8 

r- f--

o 5 10 15 20 25 30 35 40 
I-Tlme-lis 

(8) INVERTER FEED-FORWARD 

-15 

-20 
o 5 10 15 20 25 30 35 

I - Time - I1S 

(b) VOLTAGE-FOLLOWER FEED-FORWARD 

FIGURE 30. FREQUENCY COMPENSATION CIRCUITS 
and VOLTAGE-FOLLOWER PULSE RESPONSES 
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lT1008M, lT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
lOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

other considerations 

The inputs of the L T1 008 ~re protected by back-to~back diodes. Current-limiting resistors are not used 
because the leakage of these resistors would prevent the realization of picoampere-Ievel bias currents at 
elevated temperatures. In the voltage-follower configuration, when the input is driven by a fast, large-signal 
pulse (> 1 V), the input protection diodes effectively short the output to the input during slewing, and a current, 
limited only by the output short-circuit protection, flows through the diodes. 

The use of a feedback resistor, as shown in the voltage-follower feed-forward diagram, is recommended 
because this resistor keeps the current below the short-circuit limit, resulting in faster recovery and settling 
of the output. 

typical applications 

IN / 
/ 

r---------------7 
/ / 

/ / 
/ / 

/ / 

900k FN507 

lDkQ IODDV 

ALLEN BRADLEY 
DECADE 
VOLTAGE DIVIDER 

NOTES: A. Ratio match ± 0.01 %. 

1 kg 
(see NoleA) TO I-V FULL-SCALE 

ANALOG-To-DIGITAL 
CONVERTER 

B. This application requires low bias current, low offset vottage and offset voltage 
temperature coefficient, low nOise, and low long-term offset voltage drift. 

FIGURE 31, INPUT AMPLIFIER FOR 4 1/2-DIGIT VOLTMETER 

NOTES: A. The low bias current and offset voltage of the L Tl008 allow 4 1/2 decades of voltage input logging. 
B. 1% film resistor. ' 
C. Tel. Labs, Type Q81. 

FIGURE 32. LOGARITHMIC AMPLIFIER 
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LT1 ooaM, LT100aC 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 

LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

15V 
OPTIONAL 
0.01·HzTRIM 

-15V 22Mn 

111F 

VI 
O·10V 

22kn 

LT311A 

15V 

1.Bkn 1000 pF (POLYSTYRENE) 

10knt 
1 kg 

10knt 

750kn 

15V 
10kn 

LT1oo4C 
1.2V 

L-.--------.. ff ..... --------..... -- FREQUENCY OUTPUT 
5pF 0.01 Hz 10 10kHz 

t 1 % metal film resistor 
NOTES: A. The L Tl 008 integrator extends Ihe low frequency range. The total dynamic range is 0.01 Hz to 10kHz (or 120dB) with 0.01 % 

linearity. 
B. All diodes 1N4148. 

FIGURE 33. EXTENDED RANGE CHARGE PUMP VOLTAGE-TO-FREQUENCY CONVERTER 

1 

R1 
5Mn 
1% 

........ ---, 
R2 
5Mn 
1% 

Vo = 10 VillA 

FIGURE 34. AMPLIFIER FOR PHOTODIODE 
SENSOR 

100kn 
KELVIN·VARLEY 

DIVIDER ~ 
ESI#DP311 

00000 -
99999 + 1 

1000 pF 

OUT 

NOTE A: Approximate error due to noise, bias 
current, common~mode rejection, 
and voltage gain of the amplifier is 115 
of a least significant bit. 

FIGURE 35. FIVE-DECADE KELVIN-VARLEY 
DIVIDER BUFFERED BY THE L T1 008 

en .. 
G) 

!E 
Q. 
E 

c:( 

"i 
c 
o 

"';::; 
CU .. 
G) 
Q. 
o 

TEXAS .., 
INSIRUMENlS 

2 .. 119 

POST OFFICE BOX 655012· DALLAS. TEXAS 75265 



I 
o 
"C 
CD 
; ... o· 
:::s 
!!. 

LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW·NOISEOPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

(a) SR = 100 VII'S 
liB = 30 pA 
VIO = 30l'V 
Settling = 5 I'S to 0.01 %/1 O-V step 

t1% metal film resistor. 

10kO 

1N4148 

300pF 

10kO 

(b) SR = 50 VII's 
liB = 30 pA 
VIO = 30l'V 
"'VIO = 0.31'V/'C 
BW = 2 MHz 
Settling = 121'S to 0.01%/10·V step 

10pF 

15V 

>---+-OUT 

FIGURE 36. FAST PRECISION INVERTERS 

Vcc+ R5 

56MO 
1° C1 

R1 100kO 30pF 
100kO 

R3 
510kO 

R4 
I' R2 510kO R6 

100kO 100kO 56MO 

NOTE A: AVO = 100. 

FIGURE 37. AMPLIFIER FOR BRIDGE 
TRANSDUCERS 

OUT 

OUT 

+ 1000 pF 1.018235 V 
SATURATED R1 

STANDARD CELL R2 
#101 

EPPLEVLABS 
NEWPORT, R.I. 

NOTE A: The typical 30-pA input bias current of the L T1 008 will 
degrade the standard cell by only 1 ppmiyear. Noise is a 
fraction of a ppm. Unprotected gate MOSFET isolates 
standard cell on power down. 

FIGURE 38. SATURATED STANDARD-CELL 
AMPLIFIER 
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LT1DDBM, LT1DDBC 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 

LOW·NOISE OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

10kO 

LT1004C·1.2 
---+ _~>M----t 
INPUT 

CURRENT 

100"A 

NOTES: A. This ammeter measures currents from 100 pA to 100 j!A without the use of 
expensive high-value resistors. Accuracy at lOa j!A is limited by the offset voltage 
between 01 and 02 and, at 100 pA, by the inverting bias current of the L TI OOB. 

B. 01-04 RCA CA3146 transistor array. 
C. Adjust RI for full-scale deflection with 1'j!A input current. 

FIGURE 39. AMMETER WITH 6·DECADE RANGE 

a; 
C o 
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LT1008M, LT1008C 
PICOAMP INPUT CURRENT, MICROVOLT OFFSET 
LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

1 kQ 

15V 

10kCl 

OUT 

NOTES: A. This circuit is useful where fast signal acquisition and high 
precision are required, as in electronic scales. The filter's time 
constant is set by the 2-kQ resistor and the 1-J.lF capacitor until 
COMP1 switches. The time constant is then set by the 1.5-MQ 
resistor and the 1-J.lF capacitor. COMP2 provides a quick reset. 
The circuit settles to a final value three times as fast as a simple 
1.5-MQ, 1-J.lF filter with almost no dc error. 

B. OPTO-MOS switch, Type OFMIA, Theta-J Corp. 

FIGURE 40. PRECISION, FAST·SETTLlNG, LOW·PASS FILTER-
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LT1012M, LT1012C 
HIGH-PERFORMANCE, LOW-NOISE OPERATIONAL AMPLIFIERS 

• Internally Compensated 

• Input Offset Voltage: 
LT1012M .•• 35 f.lV Max 
LT1012C .•• 50 f.lV Max 

• Input Bias Current (LT1012M): 
100 pA Max at 25°C 
600 pA Max from -55°C to 125°C 

• aVIO ••. 1.5 f.lV/oC Max 

• Typical Peak-To-Peak Noise Voltage ••• 
0.5 f.lV atf = 0.1 Hz to 10 Hz 

• Low Supply Current ... 600 f.lA Max 

• CMRR .•. 114 dB Min (LT1012M) 

• kSVR •.• 114 dB Min (LT1012M) 

• 5-mA Load Current with Voltage Gain of 
200,000 Min (LT1012M) 

description 

P PACKAGE 

(TOP VIEWI 

03186, MARCH 1989 

V'a TRIM DB v'a TRIM 
IN- 2 7 Vee+ 
IN+ 3 6 OUT 

Vee - 4 5 OVERCOMP 

IN+ 

L PACKAGE 

(TOP VIEWI 

V'a 
TRIM 

VCC-

Pin 4 (L package) is in electrical contact with the case. 

The L T1 012 is an internally compensated operational amplifier that can be used in practically all precision 
applications. The L T1 012 combines picoampere bias currents (maintained over the full temperature range), 
microvolt offset"voltage, low offset voltage temperature coefficient and long-term drift, low voltage and current 
noise, and low power dissipation. High common-mode and supply voltage rejection ratios, low warm-up drift, 
and the capability to deliver 5-mA load current with a voltage gain of 200,000 complete the LT1 012's precision 
specifications. 

The LT1 012M is characterized for operation over the full military temperature range of -55°e to 125°e. The 
LT1 012e is characterized for operation from ooe to 70oe. 

symbol 

Vcc+ 
(7) AVAILABLE OPTIONS 

VIO TRIM 
(8) 

VIO TRIM 
(1) 

PACKAGE 

TA VIOMAX METAL CAN PLASTIC DIP 
81 25'C 

(L) (P) 

IN-
(2) 

O'C 

to 50 (IV LT1012CL LT1012CP 

70'C 

IN+ (3) -55'C 

Vcc- (4) 

OVERCOMP (5) 

to 35 (IV LT1012ML -
125'C 

Copyright © 1989, Texas Instruments Incorporated 
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LT1012M, LT1012C 
HIGH-PERFORMANCE, LOW-NOISE OPERATIONAL AMPLIFIERS 

schematic 

OVEHCOMP -7.<::::;.-------....., 

121 
IN-

IN+ 
131 

All resistor values shown are nominal 

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

Supply voltage, VCC+ (see Note 1) .................................... +20 V 
Supply voltage, VCC- (see Note 1) .................................... -20 V 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VCC± 
Differential input current (see Note 2) .................................. ± 1 0 mA 
Duration of output short-circuit at or below 25°C . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
Operating free-air temperature range: L T1012M . . . . . . . . . . . . . . . . . . . . .. -55°C to 125°C 

LT1012C ......................... 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: L package ......... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ......... 260°C 

NOTES: 1. All voltage values, unless otherwise noted, are wtth respect to the midpoint between vcc+ and VCC-. 
2. Differential input voltages greater than 1 V cause excessive current to flow through the Input protection diodes unless limiting 

resistance is used. 
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LT1012M, LT1012C 
HIGH·PERFORMANCE, LOW·NOISE OPERATIONAL AMPLIFIERS 

electrical characteristics, VCC± = ±1S V, VIC = 0 (unless otherwise noted) 

TAt 
LT1012M LT1012C 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

VCC± = ±15 V, VIC = 0 
25'C 8 35 10 50 

Full range 180 120 

Via Input offset voltage 
VCC± = ±15V, 25'C 20 90 25 120 

I1V 
VIC = ±13.5V Full range 250 200 

VCC± - ±2 Vto ±20 V 25'C 20 90 25 120 

VCC± = ±2.5 V to ±20 V Full range 250 200 

Average temperature 

"via coefficient of input offset Full range 0.2 1.5 0.2 1.5 I1VI'C 
voltage 

Long-term drift of 
25'C 0.3 0.3 l1V/mo 

input offset voltage 

VCC± = ±15 V, VIC = 0 
25'C 15 100 20 150 

Full range 250 230 

110 Input offset current 
VCC± - ±15V, 25'C 25 150 30 200 

pA 
VIC = ±13.5V Full range 350 300 

VCC± - ±2Vto ±20V 25'C 25 150 30 200 

VCC± - ±2.5 V to ±20 V Full range 350 300 
Average temperature 

"110 coefficient of input offset Full range 0.3 2.5 0.3 2.5 pA/'C 

current 

VCC± = ±15 V, VIC = 0 
25'C ±25 ±100 ±30 ±150 

Full range ±600 ±230 

liB Input bias current 
VCC± - ±15V, 25'C ±35 ±150 ±40 ±200 

pA 
VIC = ±13.5V Full range ±SOO ±300 

VCC± = ±2Vto ±20 V 25'C ±35 ±150 ±40 ±200 

VCC+ = ±2.5 V to ±20 V Full range ±SOO ±300 

Average temperature 

"liB coefficient of input bias Full range 0.6 6 0.3 2.5 pA/'C 

current 

VICR 
Common-mode input 25'C ±13.5 ±14 ±13.5 ±14 

V 
voltage range Full range ±13.5 ±13.5 

YOM 
Maximum peak output 

RL=10kn 
25'C ±13 ±14 ±13 ±14 

V 
voltage swing Full range ±13 ±13 

Va - ±12V, 25'C 300 2000 200 2000 

Large-signal differential RL" 10 kn Full range 100 100 
V/mV AVD voltage amplification Va - ±10V, 25'C 200 1000 120 1000 

RL" 2 kn Full range 100 100 

CMRR 
Common-mode 25'C 114 132 110 132 

dB 
rejection ratio 

VIC = ±13.5V 
Full range lOS 108 

Supply-voltage rejection VCC+ = ±2 Vto ±20 V 25'C 114 132 110 132 
dB kSVR 

ratio (.1VCC±/.1VIO) VCC± = ±2.5 V to ±20 V Full range lOS 108 

VCC± - ±15V, 
25'C 380 600 3S0 600 

ICC Supply current 
VIC = ±13.5V 

I1A 
VCC± - ±2Vto ±20V 25'C 3S0 600 380 600 

Full range SOO 800 

t Full range is -55'C to 125'C for the LT1012M and O'C to 70'C for the LT1012C. 
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LT1012M, LT1012C 
HIGH·PERFORMANCE, LOW·NOISE OPERATIONAL AMPLIFIERS 

operating characteristics at TA = 25°C, VCC+ = ±15 V -

PARAMETER TEST CONDITIONS 
MIN 

LT1012M 

TYP MAX 

LT1012C 

MIN TYP MAX 
UNIT 

SR Slew rate at unity gain 0.1 0.2 0.1 0.2 VlfJ,s 

VN(PP) 
Peak-ta-peak equivalent input noise 
voltage 1= 0.1 Hz to 10 Hz 0.5 0.5 0.65 fJ,V 

Vn Equivalent input noise voltage 
1= 10Hz, See Note 3 17 30 17 30 

nV/.fHz 
1= 1 kHz j4 22 14 22 

In Equivalent input noise current 1- 10 Hz 20 20 INlHz 

2 NOTE 3: This parameter is tested on a sample basis. For other test requirements, please contact the lactory. This statement has no bearing on 
testing or nontesting 01 other parameters. 
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PARAMETER MEASUREMENT INFORMATION 

Rzt 

1000 

R3 t 

50 kO 

+15 V 

Vo 

-15 V 

':" Va - 1000 Vas 

t Resistors must have low thermoelectric potential. 
This circuit is also used as the burn-in configuration for the 
LT1012. with supply voltages increased to ± 20 V, Rl = R3 = 

20 kO, R2 = 2000, AV = 100. 

FIGURE 1. TEST CIRCUIT FOR OFFSET VOLTAGE AND ITS TEMPERATURE COEFFICIENT 
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• Very Low Input Noise Volt!9.e: 
1.1 nV/..JHz Max, 0.85 nVNHz Typ at 1 kHz 
for L T1028AM, LT1028AC 

• Low Peak-To-Peak Input Noise Voltage ... 
35nVTypatf = 0.1 Hzto10Hz 

• Noise Voltage and Current 100% Tested 

• Gain-Bandwidth Product ... 50 MHz Min 

• Slew Rate ... 11 V/Jls Min 

• Input Offset Voltage ... 40 JlV Max at 25°C 
for LT1028AM, LT1028AC 

• Offset Voltage Temperature Coefficient ... 
0.8 JlV/oC Max for LT1028AM, LT1028AC 

• Applications: 
Low-Noise Frequency Synthesizers 
High-Quality Audio 
Infrared Detectors 
Accelerometer and Gyro Amplifiers 
350-n Bridge Signal Conditioning 
Magnetic Search Coil Amplifiers 
Hydrophone Amplifiers 

description 

The L T1 028 features excellent noise 
performance combined with high-speed 
specifications, distortion-free output, and true 
precision parameters. Although the L T1 028 input 
stage operates at collector currents of nearly 
1 mA to achieve low voltage noise, the input bias 
current is only 25 or 30 nA at 25°C. The noise 
voltage of the L T1028 is less than the noise of a 
50-n resistor. Therefore, even in very-Iow­
source-impedance transducer or audio amplifier 
applications, the device's contribution to total 
system noise will be negligible. 

The L T1028AM and L T1 028M are characterized 
for operation over the full military temperature 
range of -55°C to 125°C. The L T1 028AC and 
L T1028C are characterized for operation from 
O°C to 70°C. 

LT1028, LT1028A 
ULTRALOW-NOISE, HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
03239. MAY 1988- REVISED MARCH 1989 

ow PACKAGE 

(TOP VIEW) 

TRIM 3 

IN­

IN+ 

VCC­
NC 

NC 

NC 

VIOTRIM 

VCC+ 
OUT 

11 OVERCOMP 

10 NC 

9 NC 

NC - No internal connection 

JG OR P PACKAGE 

(TOP VIEW) 

VIO TRIM US VIO TRIM 
IN- 2 7 VCC+ 

IN+3 SOUT 

VCC _ 4 5 OVERCOMP 

L PACKAGE 

(TOP VIEW) 

Pin 4 (L package) is in electrical 
contact with the case. 

AVAILABLE OPTIONS 

VIO max 
PACKAGE 

TA SMALL OUTLINE CERAMIC DIP METAL CAN PLASTIC DIP 
AT 25°C 

(OW) (JG) (L) (P) 

O°C 4Ol'V - LT1028ACJG LT1028ACL LT1028ACP 
to 

80l'V LT1028ACDW LT1028CJG LTt028CL LT1028CP 70°C 
-55°C 4Ol'V - LT1028AMJG LTl028AML -

to 
8Ol'V LT1028MJG LT1028ML 125°C - -

Copyright © 1988, Texas Instruments Incorporated 
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LT1028, LT1028A 
ULTRALOW-NOISE, HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 

schematic 

VIOTRIM 

R1 
3kO 

VIOTRIM 

IN + -.--+---i-' 

IN - ------__ >--<H--' 

BIAS --+-...... -----+----1 
R7 
BOO 

R11 
4000 Q22 

C3 
80pF 

R12 C4 
2400 35pF 

R13 C5 
7500 25pF 

f---+--+-+-", 

VCC_------_~-----~~-__ -~-~--_+---~---~~ 

OVERCOMP 

All component and current values shown are nominal. 

OUT 

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

Supply voltage, VCC+ (see Note 1): LT1028AM, LT1028M .................................. 22 V 
LT1028AC, LT1028C .................................. 16 V 

Supply voltage, VCC- (see Note 1) LT1028AM, LT1028M ................................. - 22 V 
LT1028AC, LT1028C ................................. -16 V 

Differential input current (see Note 2) ..............................................•. ± 25 mA 
Input voltage range, VI (any input, see Note 1) .......................................... VCC± 
Duration of output short-circuit at (or below) 25°C (see Note 2) ............................ unlimited 
Operating free-airtemperature, TAL Tl 028AM, L T1 028M ......................... - 55°C to 125°C 

LT1028AC, LT1028C ............................. 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: D or P package ............... 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package .............. 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC- . 
2. The specified values for this parameter takes into account iunction temperature increase due to supply and output currents. 
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LT1028M, LT1028AM 
ULTRALOW-NOISE, HIGH SPEED 

PRECISION OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, vee ± = ± 15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA 
LT102BM LT102BAM 

UNIT 
MIN TYP MAX MIN TYP MAX 

Via Input offset voltage See Note 3 
25'C 20 BO 10 40 

~V 
- 55'C to 125'C 180 120 

aVIO 
Temperature coefficient 

- 55'C to 125'C 0.25 1 0.2 O.B ~V/'C of input offset voltage 

I nput offset voltage 

long·term drift 
See Note 4 25'C 0.3 0.3 ~V/mo 

110 Input offset current VIC = 0 
25'C 18 100 12 50 

nA 
- 55'C to 125'C 180 90 

liB Input bias current VIC = 0 
25'C 30 180 25 90 

- 55'C to 125'C 300 150 
nA 

VICR 
Common-mode input 25'C ± 11 ± 12.2 ±11 ± 12.2 

V 
voltage range - 55'C to 125'C ± 10.3 ± 10.3 

Maximum peak output RL" 2kn 
25'C ±12 ±13 ± 12.3 ±13 

YOM - 55'C to 125'C ± 10.3 ± 10.3 V 
voltage swing 

RL" 6000 25'C ± 10.5 ± 12.2 ±11 ± 12.2 

Vo = ±12V.RL" 2kn 25'C 5 30 7 30 
Large-signal Vo = ± 10 V. RL " 2 kn - 55'C to 125'C 2 3 

AVO differential voltage 
Vo = ±10V.RL" lkn 

25'C 3.5 20 5 20 V/~V 

amplification - 55'C to 125'C 1.5 2 
Vo = ±10V. RL" 6000 25'C 2 15 3 15 

Common-mode 
25'C ric input resistance 

30.0 300 MO 

Differential-mode 
rid input resistance 

25'C 20 20 kO 

ci Input capacitance 25'C 5 5 pF 

Zo Output impedance Va = O. 10 = O. Open loop 25'C 80 8.0 0 

CMRR 
Common-mode VIC - ±11 V 25'C 110 126 114 126 
rejection ratio VIC=±10.3V - 55'C to 125'C 100 106 

dB 

Supply-voltage VCC± = ±4Vto±18V 25'C 110 132 117 133 
kSVR rejection ratio dB 

(l\.VCC ± /l\.VIO) VCC±= ±4.5Vto±16V - 55'C to 125'C 1.04 110 

ICC Supply current 
25'C 7.6 10.5 7.4 9.5 

- 55'C to 125'C 13 11.5 
rnA 

NOTES: 3. Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after applying power. 
4. Input offset voltage long-term drift refers to the average trend line of offset voltage versus time over extended periods after the first 

30 days of operation. Excluding the initial hour of operation. changes in Via during the first 30 days are typically 2.5 ~V. 

I 
U) ... 
CD 
!E 
"S. 
E 

<C 
ca 
c o 

'';:; 
ca ... 
CD 
Q. 

o 

TEXAS .., 
INSfRUMENlS 

2-129 

POST OFFICE BOX 655012' DALLAS. TEXAS 75265 



LT1028C, LT1028AC 
ULTRALOW-NOISE, HIGH SPEED 
PRECISION OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free"'air temperature, Vee ± = ± 15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA 
LT1028C LT1028AC 

UNIT 
MIN TYP MAX MIN TYP MAX 

Via Input offset voltage See Note 3 
25'C 20 80 10 40 

!'V 
O'C to 70'C 125 80 

"'via 
Temperature coefficient 

O'C to 70'C 0.2 1 0.1 0.8 !'V/'C of input offset voltage 

Input offset voltage 
See Note 4 25'C 0.3 0.3 !'V/mo long-term drift 

110 Input offset current VIC = 0 
25'C 18 100 12 50 

O'C to 70'C 130 
nA 

65 

liB Input bias current VIC = 0 
25'C 30 180 25 90 

nA 
O'C to 70'C 240 120 

VICR 
Common-mode input 25'C ±11 ± 12.2 ± 11 ± 12.2 
voltage range O'C to 70'C 

V 
± 10.5 ± 10.5 

RL '" 2kn 
25'C ±12 ±13 ± 12.3 ±13 

Maximum peak output O'C to 70'C ± 11.5 ± 11.5 V 
YOM voltage swing RL " 600 (1 25'C, ± 10.5 ± 12.2 ± 11 ± 12.2 

RL ,,600 (1, See Note 2 70'C ±9 ± 10.5 ±9.5 ±11 

Va - ± 12 V, RL " 2 kn 25'C 5 30 7 30 
Large-signal Va = ± 10 V, RL '" 2 kn Q'C to 70'C 3 5 

AVD differential voltage 
Va = ± 10 V, RL " 1 kn 

25'C 3.5 20 5 20 V/!'V 
amplification O'C to 70'C 2.5 4 

Va = ±10V, RL '" 600(1 25'C 2 15 3 15 
Common-mode 

ric input resistance 
25'C 300 300 M(1 

Differential-mode 
rid input resistance 

25'C 20 20 k(1 

ci Input capacitance 25'C 5 5 pF 

Zo Output impedance Va = 0, 10 = 0, Open loop 25'C 80 80 (1 

CMRR 
Common-mode VIC = ±11 V 25'C 110 126 114 126 
rejection ratio VIC = ±10.3V O'C to 70'C 106 110 

dB 

Supply-voltage VCC± = ±4Vto±18V 25'C 110 132 117 133 
kSVR rejection ratio dB 

(aVCC ±/avIO) VCC± = ±4.5 V to ± 16V O'C to 70'C 107 114 

ICC Supply current 
25'C 7.6 10.5 7.4 9.5 

rnA 
O'C to 70'C 11.5 10.5 

NOTES: 2. 
3. 
4. 

The specified values for this parameter takes into account junction temperature increase due to supply and output currents. 
Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after applying power. 
Input offset voltage long-term drift refers to the average trend line of offset vo~age versus time over extended periods after the first 
30 days of operation. Excluding the initial hour of operation, changes in Via during the first 30 days are typically 2.5 !,V. 
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LT1028, LT1028A 
ULTRALOW-NOISE, HIGH SPEED 

PRECISION OPERATIONAL AMPLIFIERS 

operating characteristics, VCC ± = ± 15 V, VIC = 0, TA = 25°C 

LT1028M, LT1028AM, 

PARAMETER TEST CONDITIONS LT1028C LT1028AC UNIT 

MIN TYP MAX MIN TYP MAX 

SR Slew rate AV =-1 11 15 11 15 V/l1s 

VNPP 
Peak-to-peak equivalent 
input noise vlotage 

1 = 0.1 Hz to 10 Hz 35 90 35 75 nV 

Equivalent input noise 1 = 10 Hz, See Note 5 1 1.9 1 1.7 
nV/VHz Vn voltage 1 = 1 kHz 0.9 1.2 0.85 1.1 

Equivalent input noise 1 = 10 Hz, See Note 6 4.7 12 4.7 10 
pAlVHz In current 1 = 1 kHz, See Note 6 1 1.8 1 1.6 

GBW Gain bandwidth product 1 = 20kHz 50 75 50 75 MHz 

NOTES: 5. 10-Hz equivalent input noise vottage is tested on a sample basiS. For other test requirements, please contact the lactory. This 
statement has no bearing on testing or nontesting 01 other parameters. 

6. Noise current is delined and measured with balanced source resistors. The resulting voltage (after subtracting the resistor noise 
on an RMS basis) is divided by the sum 01 the two source resistors to obtain noise current. Maximum 10-Hz noise current can be 
inlerred Irom testing at 1 kHz. 
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MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

• Short-Circuit Protection 

• Wide Common-Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-up 

• Designed to be Interchangeable with 
Motorola MC1558/MC1458 and Signetics 
S5558/N5558 

description 

The MC1558 and MC1458 are dual general­
purpose operational amplifiers with each half 
electrically similar to the uA741 except that 
offset null capability is not provided, 

The high-cammon-mode input voltage range and 
the absence of latch-up make these amplifiers 
ideal for voltage-follower applications, The 
devices are short-circuit protected and the 
internal frequency compensation ensures 
stability without external components, 

The MC1558 is characterized for operation over 
the full military temperature range of - 55°C 
to 125°C; the MC1458 is characterized for 
operation from OOC to 70°C. 

symbol (each amplifier) 

NONINVERTING =t>-' 
INPUT IN+ 

INVERTING 
INPUT IN- -

OUTPUT 

0972, FEBRUARY 1971-REVISEO MAY 1988 

MC1558 . , . JG PACKAGE 
MC1458. , , D, JG, OR P PACKAGE 

(TOP VIEWI 

{
OUT D8 VCC + 

AMPL IN- 2 7 OUT} 
# 1 IN + 3 6 IN _ A~:L 

VCC- 4 5 IN+ 

MC1558, , , U FLAT PACKAGE 

(TOP VIEWI 

NC NC 

AMPL{OUT VCC+ 
#1 IN- OUT}AMPL 

IN+ IN- #2 
VCC- ...... __ ~ IN+ 

NC 

#IIN­

NC 

#IIN+ 

NC 

MC1558 , .. FK PACKAGE 
(TOPVIEWI 

4 
5 

6 

8 

t­
=> o + 

u 
u ~ u uu 
Z"Z>Z 

3 2 1 20 19 

9 1011 1213 

U I U + U 
Z UZ ~ Z 

U 
> '" .. 

18 NC 

17 #2 OUT 

16 NC 

15 #2IN-

14 NC 

NC - No internal connection 

AVAILA8LE OPTIONS 

SYM80LlZATION 
OPERATING VIO MAX 

PACKAGE 
DEVICE TEMPERATURE RANGE at 25°C 

SUFFIX 
MCI5'S8 FK,JG,U -SSoC to 125°C S mV 

MC14S8 D,JG,P OOC to 70°C 6 mV 

The 0 packages are available taped and reeled, Add the suffix R to 
the device 'type when ordering, (I.e" MC14SBDRI 

Copyright © 1979, Texas Instruments Incorporated 
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MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

r---------~~----~~--~------------~---VCC+ 

INVERTING __________ -+ __ + __ .., 
INPUT IN-

NON INVERTING 
INPUT IN+ 

OUTPUT 

~ VCC-

"2-
~ absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
ai' .. 
(I) 

MC1558 MC1458 UNIT 

Supply voltage VCC + (see Note 1) 22 18 V 

Supply voltage VCC _ (see Note 1) -22 -18 V 

Differential input voltage (see Note 2) ±30 ±30 V 

Input voltage at either input (see Notes 1 and 3) ±15 ±15 V 

Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 o to 70 °C 

Storage temperature range. -65 to 150 65 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 I JG or U package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I 0 or P package 260 °C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting'input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 
4. The output may be shorted to ground or eith'er power supply. For the MC 1558 only, the unlimited duration of the short-circuit 

applies at (or below) 125°C case temperature or 70°C free-air temperature. 

TA s 25°C 
PACKAGE 

POWER RATING 

0 680mW 

FK 680 mW 

JG (MC1558) 680 mW 

JG (MC1458) 680 mW 

P 680 mW 

U 675 mW 

DISSIPATION RATING TABLE 

DERATING DERATE 

FACTOR ABOVE TA 

5.8 mW/oC 33°C 

11.0 mW/oC 88°C 

8.4 mW/oC 69°C 

6.6 mW/oC 47°C 
8.0 mW/oC 65°C 
5.4 mW/oC 25°C 

TA - 70°C 
POWER RATING 

464mW 

880 mW 

672 mW 

528 mW 

640mW 

432 mW 

TA - 125°C 
POWER RATING 

275 mW 

210mW 

135 mW 
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MC1558. MC1458 
DUAL GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Vee + - 15 V, vee - - - 15 V 

TEST CONDITIONS t 
MC1668 MC1468 

PARAMETER 
MIN TYP 

UNIT 
MIN TYP MAX MAX 

25°C 1 5 1 6 
VIC Input offset voltage Vo = 0 mV 

Full range 6 7.5 

Va = 0 
25°C 20 200 20 200 

110 Input offset current nA 
Full range 500 300 

25°C 80 500 80 500 
liB Input bias current Va = 0 

800 
nA 

Full range 1500 

Common-mode 25°C ±12 ±13 ±12 ±13 
VICR ±12 

V 
input voltage range Full range ±12 

RL = 10 kll 25°C ±12 ±14 ±12 ±14 

VOM 
Maximum peak RL,,10kll Full range ±12 ±12 
output voltage swing 25°C ±13 

V 
RL = 2 kll ±10 ±13 ±10 

RL " 2 kll Full range ±10 ±10 

Large-signal differential RL" 2 kll, 25°C 50 200 20 200 
AVO 

voltage amplification Va = ±10V Full range 25 15 
V/mV 

RL = 2 kll, 

BaM 
Maximum~output-swing Va" ±10 V, 

25°C 14 14 kHz 
bandwidth (closed-loop) AVO = 1, 

THO s 5% 

81 Unity-gain bandwidth 25°C 1 1 MHz 

<Pm Phase margin AVO = 1 25°C 65° 65° 

Am Gain margain 25°C 11 11 dB 

ri Input resistance 25°C 0.3 2 0.3 2 Mil 

ro Output resistance Va = 0, 
25°C 75 75 II 

See Note 5 

Ci Input capacitance 25°C 1.4 1.4 pF 

Common-mode 
f = 20 Hz 25°C 200 200 Mil zic input impedance 

Common-mode 25°C 70 90 70 90 
CMRR VIC = VICR min, Va = 0 

70 
dB 

rejection ratio Full Range 70 
Supply voltage 

VCC = ±9Vto ±15V, 25°C 30 150 30 150 
kSVS sensitivity 

Va = 0 
~VIV 

(aVIO/avCC) Full range 150 150 

Equivalent input 
AVO = 100, 

Vn noise voltage 
RS = 0, 

25°C 45 45 nV/$. 
(closed-loop) 

f=lkHz, 

BW = 1 Hz 

lOS 
Short-circuit 

±25 ±40 25°C ±25 ±40 mA 
output current 

Supply current No load, 25°C 3.4 5 3.4 5.6 
ICC mA 

(both amplifiers) Va = 0 Full range 6.6 6.6 

Totsl power dissipation No load, 25°C 100 150 100 170 
Po 

(both amplifiers) 
mW 

Va = 0 Full range 200 200 

Vol IV02 Crosstalk attenuation 25°C 120 120 dB 

t All characteristics are specified under open-loop operating conditions with zero common-mode input voltage unless otherwise specified. 
Full range for MC1558 is - 55°C to 125°C and for MC1458 is ooC to 70°C. 

NOTE 5: This typical value applies only at fraquencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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MC1558. MC1458 
DUAL GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

operating characteristics; V cc + 15 V, Vcc-

PARAMETER TEST CONDITIONS 
MC1558 

MIN TYP MAX 

tr Rise time VI = 20 mV. RL = 2 kU. 0.3 

Overshoot factor CL = 100 pF. See Figure 1 5% 

SR Slew rate at unity gain 
VI - 10 V. RL - 2 kU. 

0.5 
CL = 100 pF. See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFORM 

INPUT 

TEST CIRCUITS 

FIGURE 1. RISE TIME. OVERSHOOT. AND SLEW RATE 
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MIN TYP MAX 
UNIT 

0.3 1'" 
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• Wide Range of Supply Voltages 
Single Supply ... 3 V to 36 V 
or Dual Supplies 

• Class AB Output Stage 

• True Differential Input Stage 

• low Input Bias Current 

• Internal Frequency Compensation 

• Short-Circuit Protection 

MC3303, MC3403 
QUADRUPLE LOW·POWER OPERATIONAL AMPLIFIERS 

D2517. FEBRUARY 1979-REVISED MAY 1988 

MC3303. MC3403 ... O. J. OR N PACKAGE 

(TOP VIEWI 

AMPL{OUT OUT} # 1 IN - IN _ AMPL 
IN+ IN+ #4 

VCC+ VCC-

AMPL{IN+ IN+} AMPL 
#2 IN - IN- #3 

OUT ...... __ ..r--0UT 

• Designed to be Interchangeable with Motorola 
MC3303. MC3403 

description 

The MC3303 and the MC3403 are quadruple operational amplifiers similar in performance to the uA 7 41 
but with several distinct advantages. They are designed to operate from a single supply over a range of 
voltages from 3 V to 36 V. Operation from split supplies is also possible provided the difference between 
the two supplies is 3 V to 36 V. The common-mode input range includes the negative supply. Output range 
is from the negative supply to VCC - 1.5 V. Quiescent supply currents are less than one-half those of 
the uA741. 

The MC3303 is characterized for operation from -40°C to 85°C and the MC3403 is characterized for 
operation from OOC to 70 DC. 

symbol (each amplifier) 

NONINVER~TNG 
INPUT IN+ + 

OUTPUT 
INVERTING 
INPUT IN- -

VIO MAX 
TA 

AT 25°C 

O°C 

to 10mV 

70°C 

-40°C 

to 8 mV 

85°C 

AVAILABLE OPTIONS 

PACKAGE 

SMALL·OUTLINE CERAMIC DIP PLASTIC DIP 

(01 (JI (NI 

MC34030 MC3403J MC3403N 

MC3303D MC3303J MC3303N 

o packages are available taped and reeled. Add "R" suffix to the device type when 
ordering. (e.g .• MC3403DRI 

Copyright © 1983. Texas Instruments Incorporated 
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E 

MC3303, MC3403 
QUADRUPLE LOW·POWER OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

COMMON I - - - - -

BIAS CIRCUITRY I 
.------------1~------~--~r_~r_----~~~--_r.--~VCC+ 

NONINVERTING 
INPUT -+-----+-1----, 

r-1=+==+=+~ii1 } TO THREE " t---I-rll-- OTHER 
AMPLIFIERS 

INVERTING 
INPUT 

Component values shown are nominal. 

"'-~i+----ti--+-- OUTPUT 

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

MC3303 MC3403 UNIT 

Supply voltage VCC + (see Note 1) 18 18 V 

Supply voltage Vee _ (see Note 1) -18 -18 V 

Supply voltage Vee + with respect to Vee- 36 36 V 

Differential input voltage (see Note 2) ±36 ±36 V 

Input voltage (see Notes 1 and 3) ±18 ±18 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range -40t085 o to 70 °e 

Storage temperature range -65 to 150 -65 to 150 De 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I J package 300 300 De 

Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds I D or N package 260 260 De 

NOTES: 1. These voltage values are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting terminal. 
3. Neither input must ever be more positive then Vee + or more negative than Vee _. 

DISSIPATION RATING TABLE 

PACKAGE 
TA :s 25°C DERATING FACTOR TA - 70°C TA - S50C 

POWER RATING ABOVE TA - 25°C POWER RATING POWER RATING 

D 950mW 7.6 mW/oe 608mW 494mW 

J 1025 mW 8.2 mW/De 656 mW 533 mW 

N 1150mW 9.2 mW/DC 736mW 598 mW 
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MC3303. MC3403 
QUADRUPLE LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature; VCC+ .. 14 V, VCC- = 0 V for MC3303; 
VCC± .. ± 15 V for MC3403 

TEST CONDITIONSt 
MC3303 

PARAMETER 
MIN TYP MAX 

MC3403 

MIN TYP MAX 
UNIT 

25°C 2 8 2 10 
VIO Input offset voltage See Note 4 mV 

Full range 10 12 

Temperature coefficient of 
See Note 4 Full range 10 10 ~V/oC "VIO input offset voltage 

25°C 30 75 30 50 
110 Input offset current See Note 4 nA 

Full range 250 200 

Temperature coefficient of 
See Note 4 Full range 50 50 pA/oC "110 input offset current 

liB Input bias current 
25°C -0.2 -0.5 -0.2 -0.5 

See Note 4 ~A 
Full range -1 -0.8 

Common-mode input 
VCC- VCC- VCC- VCC-

VICR voltage range l 
25°C to to to to V 

12 12.5 13 13.5 

RL = 10 kll 25°C 12 12.5 ±12 ±13.5 

YOM Peak output voltage swing RL = 2 kll 25°C 10 12 ±10 ±13 V 

RL = 2 kll Full range 10 ±10 

Large-signal differential Vo = ±10 V. 25°C 20 200 20 200 
AVO voltage amplification RL = 2 kll Full range 15 15 

V/mV 

VOPP = 20 V. 

BOM 
Maximurn-autput- AVO = 1. 

25°C 9 9 kHz 
swing bandwidth THO", 5%. 

RL = 2 kll 

Bl Unity-gain bandwidth 
Vo = 50 mY. 

RL = 10 kll 
25°C 1 1 MHz 

</1m Phase margin 
CL = 200 pF. 

25°C 60° 60° 
RL=2kll 

r; Input resistance f - 20 Hz 2EoC 0.3 1 0.3 1 Mil 

ro Output resistance f = 20 Hz 25°C 75 75 Il 
CMRR Common-mode rejection ratio VIC = VICR min 25°C 70 90 70 90 dB 

Supply voltage sensitivity VCC - ±2.5 to 
kSVS 

(IIVIO/IIVCC) t15 V 
25°C 30 150 30 150 ~V/V 

lOS Short-circuit output current§ 25°C ±10 ±30 ±45 ±10 ±30 ±45 mA 

ICC Total supply current 
No load. 

25°C 
See Note 4 

2.8 7 2.8 7 mA 

t All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for 
TA is -40°C to 85°C for MC3303. and OoC to 70°C for MC3403. 
~The VICR limits are directly linked volt-for-volt to supply voltage; the positive limit is 2 V less than VCC +. 
§Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
NOTE 4: VIO. 110. liB. and ICC are defined at Vo = 0 for MC3403. and Vo = 7 V for MC3303. 
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MC3303, MC3403 
QUADRUPLE LOW·POWER OPERATIONAL AMPLIFIERS 

electrical characteristics. VCC+ - 5 V. VCC- - 0 V. TA - 25 9 C (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MC3303 MC3403 

UNIT 
MIN TYP MAX MIN TYP MAX 

Via Input offset voltage Va = 2.5 V 10 2 10 mV 

110 Input offset current Va = 2.5 V 75 30 50 nA 

liB Input bias current Va = 2.5 V -0.5 -0.2 -0.5 pA 

Rl = 10 kll 3.3 3.5 3.3 3.5 

VOM Peak output voltage swing * Rl = 10 kll. V 

VCC+ =5Vto30V 
VCC+ -1.7 VCC+ -1.7 

E AVO 
large-signal differential Va = 1.7Vto3.3V, 

20 200 20 200 V/mV 
voltage amplification Rl = 2 kll 

kSVS 
Supply voltage sensitivity 

VCC = ±15Vto ±2.5V 150 150 ",VN 
(.~VIO/.:loVCC±) 

ICC Supply current No load, Va - 2.5 V 2.5 7 2.5 7 mA 

Vo1 N o2 Crosstalk attenuation f = 1 kHz to 20 kHz 120 120 dB 
o 

"CI 
ctI 
~ t All characteristics are measured under open~loop conditions with zero common·mode input voltage unless otherwise specified. a ;Output will swing essentially to ground. 

0' ::s operatingcharacteristics.VCC+ - 14V.VCC-" OVforMC3303;VCC± - ±15VforMC3403; 
!!. TA - 25°C. AVO - 1 (unless otherwise noted) 

l> 
3 
"2-
:;; 
(i' ... 
en 

SR 

tr 

tf 
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PARAMETER 

Slew rate at unity gain 

Rise time 

Fall time 

Overshoot factor 

Crossover distortion 

TEST CONDITIONS 

VI = ±10V, Cl = 100 pF Rl = 2 kll 
See Figure 1 

.:loVO = 50 mY, Cl = 100 pF, Rl = 10 kll, 
See Figure 1 

VIPP - 30 mY, VOPP - 2 V, f - 10 kHz 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1. UNITY-GAIN AMPLIFIER 

. TEXAS'" 
INSTRUMENTS 
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0.6 V/",s 

0.35 pos 

0.35 p.S 

20% 
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MC3303, MC3403 
QUADRUPLE LOW·POWER OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

250 

ct 200 
E 
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~ 150 
" to) 

co .. 
iii 

= 100 ... 
.5 
I 
~ 50 

o 
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INPUT BIAS CURRENT 
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............. 
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...... 
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f------

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-oC 

FIGURE 2 
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vs 
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IVcc± I-Supply Voltage-V 

FIGURE 4 

INPUT BIAS CURRENT 
vs 

SUPPLY VOLTAGE 
250'--,---,---,---,--,---,---,--, 

-- 1--- -- -- -- -- ----

150~ 

II> 

'" iii 
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c: 
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FIGURE 3 

MAXIMUM PEAK·TO-PEAK OUTPUT VOLTAGE 
vs 
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~ > 25 
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" E 
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-

I 
I 

FREQUENCY 

VCC±-±15V 
CL = 0 
RL - 10 k{l 
TA = 25°C 
See Figure 1 

\ 

1\ 
\ 

---r-. 
10 k 100 k 1 M 

f-Frequency-Hz 

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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MC3303, MC3403 
QUADRUPLE LOW·POWER OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

106 
Vcc± - ±15 V 

105 

104 

103 
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10 

I"--.. RL - 2 kll 

~ 
TA - 25°C -

~ 
~ 
~ 
I~ 1 

1 10 100 1 k 10 k 100 k 1 M 

f- Frequency- Hz 

FIGURE 6 
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-10 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

Vcc± - ±15 V 

If 
,RL-2kll 
, :rA - 25°C 

OUTPUT/ : \ See Figure 1 
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\ / 
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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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• Equivalent Input Noise 
Voltage ... 5 nVI/Hz Typ at 1 kHz 

• Unity-Gain Bandwidth •.. 10 MHz Typ 

• Common-Mode Rejection Ratio .•• 100 dB 
Typ 

• High DC Voltage Gain .•• 100 VIm Typ 

• Peak-to-Peak Output Voltage 
Swing ... 32 V Typ with VCC± = ± 18 V 
and RL = 6000 

• High Slew Rate •.. 9 V/)J.s Typ 

• Wide Supply Voltage Range ... ±3 V 
to ±20V 

• Designed to be Interchangeable with 
Signetics NE5532 and NE5532A 

description 

NE5532,NE5532A 
DUAL LOW·NOISE OPERATIONAL AMPLIFIERS 

02563, NOVEMBER 1979-REVISEO MAY 1988 

NE5532. NE5532A , , , JG OR P 

DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

aUTDs vcc+ 
IN- 2 7 OUT 
IN+ 3 6 IN-

Vcc- 4 5 IN+ 

The NE5532 and NE5532A are monolithic high-performance operational amplifiers combining excellent dc 
and ac characteristics, They feature very low noise, high output drive capability, high unity-gain and 
maximum-output-swing bandwidths, low distortion, high slew rate, input-protection diodes, and output short­
circuit protection, These operational amplifiers are internally compensated for unity gain operation, The 
NE5532A has specified maximum limits for equivalent input noise voltage, 

The NE5532 and NE5532A are characterized for operation from O°C to 70°C, 

AVAILABLE OPTIONS 

PACKAGE 

TA VloMAX CERAMIC DIP PLASTIC DIP 
81 25'C 

(JG) (P) 

O'G 
4mV 

NE5532JG NE5532P 
to 

NE5532AP 
70'C 

NE5532AJG 

symbol (each amplifier) 

INPUT IN+ -----I _+ ___ _ 
~OUTPUT 

NONINVERTING b> 
INVERTING ____ -I 
INPUT IN-

Copyright @ '983, Texas Instruments Incorporated 
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NE5532, NE5532A 
DUAL lOW-NOISE OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

r---~----------~~-'--~~---'----~----------~vcc+ 

4600 

150 

OUTPUT 

150 

Component values shown are nominal. 

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

Supply voltage, VCC+ (see Note 1) ............................................ 22 V 
Supply voltage, VCC- (see Note 1) ........................................... -22 V 
Input voltage, either input (see Notes 1 and 2) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VCC± 
Input current (see Note 3) ................................................. ±10 mA 
Duration of output short-circuit (see Note 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
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 60 seconds: JG package .............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ............... 260°C 

NOTES: 1. All voltage values, except differential voltages. are with respect to the midpoint between VCC+ and VCC-. 

2-144 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 
3. Excessive input current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless 

some limiting resislance is used. 
4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure the 

maximum dissipation rating is net exceeded. 

DISSIPATION RATING TABLE 

TA'; 25·C DERATING FACTOR TA = 70·C 
PACKAGE 

POWER RATING ABOVE TA = 25"C POWER RATING 

JG 825mW 6.6mWrC 528mW 

P 1000mW 8.0mWrC 640mW 
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NE5532, NE5532A 
DUAL LOW-NOISE OPERATIONAL AMPLIFIERS 

electrical characteristics, VCC± = ±15 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

Input offset voltage 
TA - 25'C 0.5 4 

Via Va = 0 
TA = O'C to 70'C 

mV 
5 

TA - 25'C 10 150 
110 Input offset current nA 

TA = O'C to 70'C 200 

TA = 25'C 200 BOO 
liB Input bias current 

TA = O'C to 70'C 
nA 

1000 

VICR 
Common-mode input 

voltage range 
±12 ±13 V 

Maximum peak-to-peak VCC+ - ±15V 24 26 
VOpp RL,,600n V 

output voltage swing VCC± - ±18 V 30 32 

RL" 600 n, TA - 25'C 15 50 

AVO 
large-signal differential Va = ±10V TA = O'C to 70'C 10 

V/mV 
voltage amplification RL" 2 kn, TA = 25'C 25 100 

Va - ±10V TA - O'C to 70'C 15 

AVd 
Small-signal differential 

1= 10kHz 2.2 V/mV 
voltage amplification 

Maximum-output- RL = 600 n, Va - ±10V 140 
BaM 

swing bandwidth RL = 600 n, VCC± = ±IBV, Va = ±14 V 100 
kHz 

Bl Unity-gain bandwidth RL = 600n, CL = 100 pF 10 MHz 

r; Input resistance 30 300 kn 

zo Output impedance AVO = 30 dB, RL = 600 n, 1=10kHz 0.3 n 

CMRR 
Common-mode 

VIC = VICR min 
rejection ratio 

70 100 dB 

Supply voltage 

kSVR rejection ratio VCC± = ±9 V to ±15 V, Va = 0 BO 100 dB 

(a Vcc±la Via) 

lOS Output short-circuit current 38 mA 

ICC Total supply current No load, Vo -0 8 16 mA 

V01N 02 Crosstalk attenuation VOl = 10 V peak, 1=1 kHz 110 dB 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specilied. 

operating characteristics, VCC± = ±15 V, TA = 25°C 

NE5532 NE5532A 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

SR Slew rate at unity gain 9 9 Vlms 

Overshoot factor 
VI = 100 mV, AVO = 1, 

10% 10% 
RL = 600 n, CL=100pF 

Equivalent input 1- 30 Hz 8 8 10 
nVI/HZ Vn 

noise voltage f = 1 kHz 5 5 6 

Equivalent input 1= 30 Hz 2.7 2.7 
pNjHz In noise current f - 1 kHz 0.7 0.7 
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OP·07C. OP·010. OP·07E 
ULTRA·LOW·OFFSET·VOLTAGE OPERATIONAL AMPLIFIERS 

Ultra·Low Offset Voltage ... 30 ",V Typ 
(Op·07E) 

Ultra·Low Offset Voltage Temperature 
Coefficient ... 0.3 ",V/oC Typ (Op·07E) 

Ultra-Low Noise 

No External Components Required 

Replaces Chopper Amplifiers at a Lower 
Cost 

Single-Chip Monolithic Fabrication 

Wide Input Voltage Range 
o to ± 14 V Typ 

Wide Supply Voltage Range 
±3Vto ±18V 

Essentially Equivalent to Fairchild ",A 714 
Operational Amplifiers 

Direct Replacement for PMI OP-07C, 
OP-07D, OP-07E 

02757, OCTOBER 19B3-REVISEO JUNE 1988 

D. JG. OR P PACKAGE 

(TOP VIEW) 

OFFSET N1 DB OFFSET N2 
IN- 2 7 Vcc+ 
IN+ 3 6 OUT 

VCC- 4 5 NC 

NC-No internal connection 

symbol 

OFFSET Nl -----, 

NONINVERTING 

INPUT IN+ 

INVERTING 
INPUT IN-

OFFSET N2 ___ .....J 

OUTPUT 

description 

These devices represent a breakthrough in operational amplifier performance. Low offset and long-term 
stability are achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For 
most applications, external components are required for offset nulling and frequency compensation. The 
true differential input, with a wide input voltage range and outstanding common-mode rejection, provides 
maximum flexibility and performance in high-noise environments and in noninverting applications. Low 
bias currents and extremely high input impedances are maintained over the entire temperature range. The 
OP-07 is unsurpassed for low-noise, high-accuracy amplification of very-low-level signals. 

These devices are characterized for operation from ooe to 70oe. 

AVAILABLE OPTIONS 

PACKAGE 

TA 
Via MAX 

SMALL OUTLINE CERAMIC DIP PLASTIC DIP 
at 25°C (D) (JG) (P) 

OOC OP-07CD OP-07CJG OP-07CP 

to 
150 ~V 

OP-07DD OP-07DJG OP-07DP 

70°C 75 ~V OP-07ED OP-07EJG OP-07EP 

The 0 package is available taped and reeled. Add the suffix R to the device type 
when ordering. (e.g., OP-07CDR) 

PRODUCTION DATA documents contain information 
current II of publication date. Products conform to 
spacificatioDs par the terms of Taxas Instruments 

Copyright © 1983. Texas Instruments Incorporated 
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OP·07t, OP·070, OP·07E 
ULTRA·LOW·OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 

schematic 

OFFSET Nl--'(.:.:ll'-----____ ---1 

OFFSET N2_(",S:.-1 ------+_--' 

'-t---+--_+_-T-jE---.-H-~--t----.-+--_+_~ (61 
OUTPUT 

NON INVERTING ~(3::1....,.---.l-,~ __ t=::j:::;-1 
INPUT IN+ 

INVERTING (21 
INPUT IN- ~~--4"+-_+__"+-+-_+__--_+_--, 

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

Supply voltage VCC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 V 
Supply voltage VCC _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 22 V 
Differential input voltage (see Note 2) ......................................... ± 30 V 
Input voltage (either input, see Note 3) ........................................ ± 22 V 
Duration of output short circuit (see Note 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) . . . . . . .. 500 mW 
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 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 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. 
5. For operation above 64°e free-air temperature, derate the 0 package to 464 mW at 70 0 e at the rate of 5.8 mW/oe. 
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electrical characteristics at specified free-air temperature. Vee ± .. ± 15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
DP-7C OP-7D OP-7E 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25 D C 60 150 60 150 30 75 
Via Input offset voltage Va ~ O. RS ~ 50 Il "V DoC to 70 0 e 85 250 85 250 45 130 

Temperature coefficient of 
aVIO 

input offset voltage 
Va ~ O. RS ~ 50 0 DoC to 70 De 0.5 1.8 0.7 2.5 0.3 1.3 /l,V/DC 

Long-term drift of 
See Note 6 

input offset voltage 
0.4 0.5 0.3 fLV/mo 

Offset adjustment range RS ~ 20 kO. See Figure 1 25°C ±4 ±4 ±4 mV 

25°C 0.8 6 0.8 6 0.5 3.8 
110 Input offset current nA oDe to 70 De 1.6 8 1.6 8 0.9 5.3 

Temperature coefficient of 
aliO 

input offset current 
DOC to 70 0 e 12 50 12 50 8 35 pA/oe 

25'C ±1.B ±7 ±2 ±12 ±1.2 ±4 
liB Input bias current nA 

DOC to 70 0 e ±2.2 ±9 ±3 ±14 + 1.5 +5.5 

Temperature coefficient of 
ana 

input bias current 
DOC to 70 De 18 50 18 50 13 35 pA/oe 

Common-mode input 25°C ±13 ±14 ±13 ±14 +13 +14 
VICR V 

voltage range oDe to 70De ±13 ±13.5 ±13 ±13.5 ±13 ±13.5 

AL ~ 10 kO ±12 ±13 ±12 ±13 ±12.5 ±13 

RL ~ 2 kO 25°C ±11.5 ±12.8 ±11.5 ±12.8 ±12 ±12.8 
YOM Peak output voltage V 

RL ~ 1 kO ±12 ±12 ±10.5 ±12 

RL ~ 2 kO ooc to 70°C ±11 +12.6 ±11 ±12.6 +12 +12.6 

Vcc± = ±3V, Va = ±D.5V, 
25°C 100 400 400 150 400' 

AVD 
Large-signal differential RL " 500 kD V/mV 

voltage amplification 25°C 120 400 120 400 200 500 
Va = ± 10 V. RL ~ 2 kO 

DOCto 7DoC 100 400 100 400 180 450 

Bl Unity gain bandwidth 25°e 0'.4 0.6 0.4 0.6 0.4 0.6 MHz 

'i Input resistance 25°C 8 33 7 31 15 50' MD 

Common-mode 25°e 100 120 94 110 106 123 
CMRA VIC ~ ± 13 V. RS ~ 50 n dB 

rejection ratio DOC to 70 0 e 97 120 94 106 103 123 

Supply voltage sensitivity VCC± = ±3Vto ±18V, 25°e 7 32 7 32 5 20' 
kSVS 

RS ~ 50 0 DOC to 70 0 e 10 51 10 51 7 32 "V/V 
It.VIOIt.VCCI 

Va ~ O. No load 80 150 80' 150 75 120 

PD Power dissipation VCC± = ±3V, Va = O. 25°C mW 
4 8 4 8 4 6 

No load 

t All characteristics are measured under open-loop conditions with zero common~mode input voltage unless otherwise noted. 
NOTE 6, Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee or warranty.1t is an engineering estimate of 

the averaged trend line of drift versus time over extended periods after the first thirty days of operation. 
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OP·07C, OP·070, OP·07E 
ULTRA·LOW·OFFSET VOLTAGE OPERATIONAL AMPLIFIERS 

operating characteristics at specified free·air temperature, VCC ± = ± 15 V (unless otherwise noted) 

TEST CONDITIONSt 
OP·7C OP-7D OP-7E 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

If - 10 H~ 10.5 10.5 10.3 

Vn 
Equivalent input 

TA = 25°C I f = 100 Hz 10.2 10.3 10.0 nV/,JRZ 
noise voltage I f = 1 kHz 9.8 9.8 9.6 

Peak-to-peak f = 0.1 Hz to 10 Hz. 
VNPP equivalent input 

TA = 25°C 
0.38 0.38 0.35 ~V 

noise voltage 

I f - 10 Hz 0.35 0.35 0.32 

In 
Equivalent input 

T A = 25°C I f = 100 Hz 0.15 0.15 0.14 pA/,JRZ 
noise current I f = 1 kHz 0.13 0.13 0.12 

Peak-to-peak f = 0.1 Hz to 10 Hz. 
INPP equivalent input 15 15 14 pA 

noise current 
TA = 25°C 

SR Slew rate RL ~ 2 kll. TA - 25°C 0.3 0.3 0.3 V/~s 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. 

TYPICAL APPLICATION DATA 

20kn 
~~"",""---Vcc+ 

Nl 

IN+ 

>---- OUTPUT 

IN-

VCC-

FIGURE 1. INPUT OFFSET VOLTAGE NULL CIRCUIT 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 

LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 

• Direct Replacements for PMI and LTC 
OP-27 and OP-37 Series 

Features of OP-27A. OP-27C. OP-37A. and 
OP-37C: 

• Maximum Equivalent Input Noise Voltage: 
3.8 nV/../Hz at 1 kHz 
5.5 nV/../Hz at 10 Hz 

• Very Low Peak-to-Peak Noise Voltage at 
0.1 Hz to 10 Hz ... 80 nV Typ 

• Low Input Offset Voltage ... 25 p.V Max 

• High Voltage Amplification ... 1 V/p.V Min 

Feature of OP-37 Series: 

• Minimum Slew Rate . . . 11 V / p.s 

description 

The OP-27 and OP-37 operational amplifiers 
combine outstanding noise performance with 
excellent precision and high-speed specifi­
cations. The wideband noise is only 3 nV/../Hz, 
and with the 1/f noise corner at 2.7 Hz. low 
noise is maintained for all low-frequency 
applications. 

The outstanding characteristics of the OP-27 
and OP-37 make these devices excellent 
choices for low-noise amplifier applications 
requiring precision performance and reliability. 
Additionally, the OP-37 is free of latch-up in high-
gain. large-capacitive-feedback configurations. 

symbol 

JG OR P PACKAGE 

(TOP VIEWI 

03176. FEBRUARY 1989 

VIO TRIM[]8 VIO TRIM 
IN- 2 1 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 NC 

L PACKAGE 

(TOP VIEWI 

VIO TRIM 

NC - No internal connection 

(31 
IN+ 

IN- (21 

VIO TRIM 

The OP-27 series is compensated for unity gain. The OP-37 series is decompensated for increased bandwidth 
and slew rate and is stable down to a gain of 5. 

The OP-27 A, OP-27C. OP-37 A, and OP-37C are characterized for operation over the full military temperature 
range of - 55°C to 125°C. The OP-27E, OP-27G, OP-37E, and OP-37G are characterized for operation 
from -25°C to 85°C. 

AVAILABLE OPTIONS 

PACKAGE 

TA 
VIO MAX STABLE 

CERAMIC DIP METAL CAN PLASTIC DIP 
AT 25°C GAIN 

(JGI (LI (PI 

1 OP27EJG OP27EL OP27EP 
-25°C 25 ~V 

OP37EJG OP37EL OP37EP 5 
to 

OP27GP 
85°C 

1 OP27GJG OP27GL 
100 ~V 

5 OP37GJG OP37GL OP37GP 

1 OP27AJG OP27AL OP27AP 
-55°C 25 ~V 

OP37AP 5 OP37AJG OP37AL 
to 

1 OP27CJG OP27CL OP27CP 
125°C 100 ~V 

5 OP37CJG OP37CL OP37CP 

Copyright @ 1989, Texas Instruments Incorporated 
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OP-27A, OP-27C, OP-27E, OP-27G 
OP-37A, OP-37C, OP-37E, OP-37G 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 

schematic 

VIO TRIM VIOTRIM 

r-----~-+--------_.~--_._.------~------~------~~--~~_.----~--Vcc+ 

OUT 

IN + -+_'*1~-+--+--1 

t-----t-\ 045 
IN-~~~~-+--------4-----~~ 

tC1 = 120 pF for OP-27 
C1 = 150 pF for OP-37 

...... -------j 026 

.340 
~A 

L-----------~----~~--~------------------~----~----Vcc-

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

Supply voltage, VCC + (see Note 1) ............................................ 22 V 
Supply voltage, VCC _ (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 22 V 
Input voltage ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VCC ± 
Duration of output short circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
Differential input current (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Continuous power dissipation ................................ see Dissipation Rating Table 
Operating free-air temperature range: OP-27 A, OP-27C, OP-37 A, OP-37C . . . . .. - 55°C to 125°C 

OP-27E, OP-27G, OP-37E, OP-37G ....... - 25°C to 85 °C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package. . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ............ 260°C 

NOTES: 1. All voltage values are with respect to the midpoint between VCC + and VCC _ unless otherwise noted. 
2. The inputs are protected by back-ta-back diodes. Current-limiting resistors are not used in order to achieve low noise. Excessive 

input current will flow if a differential input voltage in excess of approximately ± 0.7 V is applied between the inputs unless 
some limiting resistance is used. 

PACKAGE 

JG (OP-27A, OP-27C, OP-37A, OP-37C) 

JG (OP-27E, OP-27G, OP-37E, OP-37G) 

L (OP-27A, OP-27C, OP-37A, OP-37Ci 

L (OP-27E, OP-27G, OP-37E, OP-37Gi 

P 

2-152 

DISSIPATION RATING TABLE 

TA oS 25°C DERATING FACTOR 

POWER RATING A80VE TA - 25°C 

1050 mW 8.4 mW/oC 

825 mW 6.6 mW/oC 

825 mW 6.6 mW/oC 

650 mW 5.2 mW/oC 

1000 mW 8.0 mW/oC 

TEXAS • 
INSTRUMENlS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

TA - 85°C TA - 125°C 
POWER RATING POWER RATING 

546mW 210mW 

429 mW N/A 

429mW 165mW 

338mW N/A 

520mW N/A 



OP-27A, OP-27C, OP-37A, OP-37C 
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS 

recommended operating conditions 

OP-27A.OP-37A OP-27C. OP-37C 

MIN NOM MAX MIN NOM MAX UNIT 

Supply voltage. VCC + 4 15 22 4 15 22 V 

Supply voltage. VCC- -4 -15 -22 -4 -15 -22 V 

Common-mode input I VCC± = ±15 V. TA = 25°C ±11 ±11 
V 

voltage. VICR I VCC± = ±15 V. TA = -55°C to 125°C ±10_3 ± 10.2 

Operating free-air temperature, T A -55 125 -55 125 °C 

electrical characteristics. Vee ± .. ± 15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA 
OP-27 A. OP-37 A OP-27C. OP-37C 

UNIT 
MIN TYP MAX MIN TYP MAX 

Va = 0, VIC = 0 25·C 10 25 30 100 
Via Input offset voltage 

RS = 50 II. See Note 3 -55°C to 125·C 60 300 
",V 

Average temperature 

OC:VIO coefficient of input -55·C to 125·C 0.2 0.6 0.4 1.8 ",V/·C 

offset voltage 

Long-term drift of 

input offset voltage 
See Note 4 0.2 1 0.4 2 ",V/mo 

25°C 7 35 12 75 
110 Input offset current Va = O. VIC = 0 nA 

-55·C to 125·C 50 135 

25·C ±10 ±40 ±15 ±80 
liB Input bias current Va = 0, VIC = 0 nA 

-55·C to 125°C ±60 ±150 

Common-mode input 25°C ±11 ±11 
VICR V 

voltage range - 55·C to 125°C ±10.3 ±10.2 

RL'" 2 kll 
25·C 

±12 ±13.8 ±11.5 ±13.5 

VOM 
Peak output voltage 

RL '" 0.6 kll ±10 ±11_5 ±10 ±11.5 V 
swing 

RL '" 2 kll -55°C to 125·C ±11.5 ±10.5 

RL'" 2 kll, Va - ±10V 1000 1800 700 1500 

Large-signal RL'" 1 kll, Va = ±10 V 800 1500 1500 
25·C 

AVO differential voltage RL '" 0.6 kll, Va = ± 1 V. V/mV 
250 700 200 500 

amplification VCC = ± 4 V 

RL '" 2 kll, Va = ±10 V -55°C to 125·C 600 300 

Common-mode input 
3 2 Gil ri(CM) resistance 

ro Output resistance Va = 0.10 = 0 25·C 70 70 II 

CMRR Common-m~de VIC = ±11 V 25·C 114 126 100 120 
dB 

rejection ratiO VIC = ±10V -55·C to 125·C 108 94 

Supply voltage VCC± = ±4Vto ±18V 25°C 100 120 94 118 
kSVR rejection ratio 

dB 
VCC± = ±4.5Vto ±18V -55°C to 125°C 96 86 

NOTES: 3. Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after applying power. 
4. long-term drift of input offset voltage refers to the average trend line of offset voltage versus time over extended periods 

after the first 30 days of operation. Excluding the initial hour of operation, changes in VIO during the first 30 days are typically 
2.5 ~V. See Figure 3. 
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OP·27E, OP·37E, OP·27G, Op·37G 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC + 4 15 22 V 

Supply voltage, VCC- -4 -15 -22 V 

Common-mode input I VCC± - ±15V,TA-25°C ±11 
V 

voltage, range I VCC± = ±15V,TA = -55°C to 125°C ±10.5 
Operating free-air temperatura, T A -25 85 °C 

electrical characteristics, VCC± - ± 15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TA 
OP-27E, OP-37E OP-27G, OP-37G 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vo = 0, VIC = 0 25°C 10 25 30 100 
VIO Input offset voltage 

RS = 50 0, See Note 3 -25°C to 85°C 50 220 
~V 

Average temperature 

"'VIO coefficient of input -25°C to 85°C 0.2 0.6 0.4 1.8 pV/oC 

offset voltage 

Long-term drift of 
See Note 4 0.2 1 0.4 2 ~V/mo 

input offset voltage 

25°C 7 35 12 75 
110 Input offset current Vo = 0, VIC = 0 nA 

-25°C to 85°C 50 135 

25°C ±10 ±40 ±15 ±80 
liB Input bias current Vo = 0, VIC = 0 nA 

-25°C to 85°C ±60 ±150 
Common-mode input 25°C ±11 ±11 

VICR 
-25°C to 85°C ±10.5 

V 
voltage range ±10.5 

Peak output voltage 
RL;" 2 kll ±12 ±13.8 ±11.5 ±13.5 

VOM RL ;" 0.6 kO 
25°C 

±10 ±11.5 ±10 ±11.5 V 
swing 

RL;" 2 kll -25°C to 85°C ±11.7 ±11 

RL;" 2 kll, Vo = ±10V 1000 1800 700 1500 

Large-signal RL ;" 1 kll, Vo - ± 10 V 
25°C 

800 1500 1500 

AVD differential voltage RL ;" 0.6 kll, Vo = ± 1 V. 
250 700 200 500 

V/mV 

amplification VCC = ± 4 V 
RL ;" 2 kll, Vo - ±10V -25°C to 85°C 750 450 

Common-mode input 
3 2 Gil rHCM) resistance 

ro Output resistance Vo = 0, 10 = 0 25°C 70 70 Il 

CMRR Common-mode VIC = ±11 V 25°C 114 126 100 120 
dB 

rejection ratio VIC = ±10V -25°C to 85°C 110 96 
Supply voltage VCC± - ±4Vto ±18V 25°C 100 120 94 118 

kSVR rejection ratio VCC± = ±4.5Vto ±18V - 25°C to 85°C 97 90 
dB 

NOTES: 3. 
4. 

Input offset voltage measurements are performed by autometic test equipment approximately 0.5 seconds after applying power. 
Long-term drift of input offset voltage refers to the average trend line of offset voltage versus time over extended periods 
after the first 30 days of operation. Excluding the initial hour of operation, changes in VIO during the first 30 days are typically 
2.5 pV. See Figure 3. . 
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OP·27A. OP·27C. OP·27E. OP·27G 
OP·37A. OP·37C. OP·37E. OP·37G 

LOW·NOISE. HIGH·SPEED. PRECISION OPERATIONAL AMPLIFIERS 

OP-27 operating characteristics over operating free-air temperature range. Vee ± - ± 15 V 

PARAMETER TEST CONDITIONS 
OP-27A, OP-27E OP-27C, OP-27G 

UNIT 
MIN TYP MAX MIN TYP MAX 

SR Slew rate at unity gain AVO ." 1, RL ." 2 kll 1.7 2.8 1.7 2.8 V/"._ 

VNPP 
Peak-to-peak equivalent f = 0.1 Hz to 10Hz, AS = 10011, 

input noise voltage See Figure 34 
0.08 0.18 0.09 0.25 p.V 

f = 10 Hz, AS = 100 II, 3.5 5.5 3.8 8 

Vn 
Equivalent input 

f = 30 Hz, AS = 100 II 3.1 4.5 3.3 5.6 nV/,J'Hz 
noise voltage 

f = 1 kHz, AS = 100 II 3.0 3.8 3.2 4.5 

f = 10Hz, See Figure 35 1.5 4 1.5 

In 
Equivalent input 

f = 30 Hz, See Figure 35 1.0 2.3 1.0 pA/,J'Hz 
noise current 

f = 1 kHz, See Figure 35 0.4 0.6 0.4 0.6 

GBW Gain bandwidth product f = 100kHz 5 8 5 8 MHz 

OP-37 operating characteristics over operating free-air temperature range. Vee ± = ± 15 V 

PARAMETER TEST CONDITIONS 
OP-37A,OP-37E OP-37C, OP-37G 

UNIT 
MIN TYP MAX MIN TYP MAX 

SR Slew rate at unity gain AVO ." 5, RL ." 2 kll 11 17 11 17 VI".. 

VNPP 
Peak·to-peak equivalent f - 0.1 Hz to 10Hz, AS - 100 II, 

input noise voltage See Figure 34 
O.OB 0.1B 0.09 0.25 p.V 

f = 10 Hz, AS = 100 II 3.5 5.5 3.B 8 

Vn 
Equivalent input 

f - 30Hz, AS - 10011 3.1 4.5 3.3 5.6 nV/,J'Hz 
noise voltage 

f = 1 kHz, AS = 100 II 3.0 3.8 3.2 4.5 

f = 10Hz, See Figure 35 1.5 4 1.5 

In 
Equivalent input 

f - 30 Hz, See Figure 35 1.0 2.3 1.0 pA/,J'Hz 
noise current 

f = 1 kHz, See Figure 35 0.4 0.6 0.4 0.6 

f = 10 kHz 45 63 45 63 
GBW Gain bandwidth product MHz 

AV ." 5, f - 1 MHz 40 40 
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OP-27A. OP-27C. OP-27E. OP-27G 
OP-37A. OP-37C. OP-37E. OP-37G 
LOW-NOISE. HIGH-SPEED. PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

table of graphs 

VIO Input offset voltage vs Temperature 

aVIO Change in input offset voltage 
vs Time after power-on 

vs Time (long-term driftl 

110 Input offset curre!"!t VB Temperature 

liB Input bias current vs Temperature 

VICR Common-mode input voltage range vs Supply voltage 

VOM Maximum peak output voltage VB Load resistance 

VOPP Maximum peak-to-peak output voltage vs Frequency 

vs Supply voltage 

AVO Differential voltage amplification vs Load resistance 

vs Frequency 

CMRR Common-mo~e rejection ratio vs Frequency 

kSVR Supply voltage rejection ratio VB Frequency 

vs Temperature 

SR Slew rate vs Supply voltage 

va Load resistance 

I/Im Phase margin VB Temperature 

1/1 Phase shift vs Frequency 

vs Bandwidth 

VB Source resistance 

Vn Equivalent input noise voltage vs Supply voltage 

VB Temperature 

VB Frequency 

In Equivalent input noise current VB Frequency 

GBW Gain bandwidth product VB Temperature 

lOS Short-circuit output current VB Time 

ICC Supply current vs Supply voltage 

Pulse response 
Smail-signel 

Large-signal 
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OP·27A, OP·27C, OP·27E, OP·27G 
OP·37A, OP·37C, OP·37E, OP·37G 

LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISITCS t 

INPUT OFFSET VOLTAGE 
OF REPRESENTATIVE UNIT 

vs 
FREE-AIR TEMPERATURE 

WARM-UP CHANGE IN 
INPUT OFFSET VOLTAGE 

vs 
ELAPSED TIME 

VCC±-±15V > ... VCC± - ±15 V 
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LONG-TERM DRIFT OF 
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FIGURE 3 

FIGURE 2 

tOata for tamperaturas balow -25°C and above 85°C ara applicable to tha OP-27A, OP-27C, OP-37A, and OP-37C only. 
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LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 
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OP-27A. OP-27C. OP-27E. OP-27G 
OP-37A. OP-37C. OP-37E. OP-37G 

LOW-NOISE. HIGH-SPEED. PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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OP·27A. OP·27C. OP·27E. OP·27G 
OP·37A. OP·37C. OP·37E. Op·37G 
LOW·NOISE. HIGH·SPEED. PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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OP·27A, OP·27C, Op·27E, Op·27G 
OP·37 A, OP·37C, OP·37E, OP·37G 

LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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OP'27A, OP·27C, OP·27E, OP·27G 
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LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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OP·27A, OP·27C, Op·27E, OP·27G 
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LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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OP·27A, op·nc, Op·27E, Op·27G 
OP·37A, OP·37C, OP·37E, Op·37G 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 
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tOata for temperatures below -25°C and above B5°C are applicable to the OP-27A. OP-27C. OP-37A. and OP-37C only. 
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LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TYPICAL APPLICATION DATA 

general 

The OP-27 and OP-37 series devices may be inserted directly into OP-07, OP-05, I'A725, and SE5534 
sockets with or without removing external compensation or nulling components. In addition, the OP-27 
and OP-37 may be fitted to "A741 sockets by removing or modifying external nulling components. 

noise testing 

Figure 34 shows a test curcuit for O. 1-Hz to 10-Hz peak-to-peak noise measurement of the OP-27 and 
OP-37. The frequency response of this noise tester indicates that the O. 1-Hz corner is defined by only 
one zero. Because the time limit acts as an additional zero to eliminate noise contributions from the frequency 
band below 0.1 Hz, the test time to measure O. 1-Hz to 10-Hz noise should not exceed 10 seconds. 
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OP-27 A. OP-27C. OP-27E. OP-27G 
OP-37A. OP-37C. OP-37E. OP-37G 

LOW-NOISE. HIGH-SPEED. PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

When measuring noise on a large number of units, a noise-voltage density test is recommended. A 10-Hz 
noise-voltage density measurement correlates well with a 0.1-Hz to 1 O-Hz peak-to-peak noise reading since 
both results are determined by the white noise and the location of the 1/f corner frequency. 

Figure 35 shows a circuit measuring current noise an~ the formula for calculating current noise. 

10 kll 

[Vno2 - [130 nVI2[% 

In - 1 Mil. 100 

FIGURE 35. CURRENT NOISE TEST CIRCUIT AND FORMULA 

offset voltage adjustment 

The input offset voltage and temperature coefficient of the OP-27 and OP-37 are permanently trimmed 
to a low level at wafer testing. However, if further adjustment of VIO is necessary, using a 10-kll nulling 
potentiometer, as shown in Figure 36, does not degrade the temperature coefficient "'VIO. Trimming to 
a value other than zero creates an "'VIO of VIO/300 /LV/oC. For example, if VIO is adjusted to 300 /LV, 
the change in "'VIO is 1 /LV/oC. 

The adjustment range with a 10-kll potentiometer is approximately ± 2.5 mV. If a smaller adjustment range 
is needed, the sensitivity and resolution of the nulling can be inproved by using a smaller potentiometer 
in conjunction with fixed resistors. The example in Figure 37 has an approximate null range of ± 200 /LV. 

10 kll 

INPUT 

-15 v 

FIGURE 36. STANDARD INPUT OFFSET 
VOLTAGE ADJUSTMENT 

offset voltage and drift 

-15 V 

FIGURE 37. INPUT OFFSET VOLTAGE 
ADJUSTMENT WITH IMPROVED SENSITIVITY 

Unless proper care is exercised, thermocouple effects caused by temperature gradients across dissimilar 
metals at the contacts to the input terminals can exceed the inherent temperature coefficient "'VIO of 
the amplifier. Air currents should be minimized, package leads should be short, and the two input leads 
should be close together and at the same temperature. 

The circuit shown in Figure 38 measures offset voltage. This circuit can also be used as the burn-in 
configuration for the OP-27 and OP-37, with the supply voltage increased to ±20 V, R1 = R3 = 10 kll, 
R2 = 20011, and AVO = 100. 
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Op·27A, OP·27C, OP·27E, Op·27G 
Op·37A, OP·37C, OP·37E, OP·37G 
LOW·NOISE, HIGH·SPEED, PRECISION OPERATIONAL AMPLIFIERS 

noise testing (continued) 
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TYPICAL APPLICATION DATA 
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FIGURE 34. O.1-Hz TO 10-Hz PEAK-TO-PEAK NOISE TEST CIRCUIT AND FREQUENCY RESPONSE 

Measuring the typical BO-nV peak-to-peak noise performance of the OP-27 and OP-37 requires the following 
special test precautions: 

1. The device should be warmed up for at least five minutes. As the operational amplifier warms up, the 
offset voltage typically changes 4 p.V due to the chip temperature increasing from 10°C to 20 DC starting 
from the moment the power supplies are turned on. In the 10-s measurement interval, these temperature­
induced effects can easily exceed tens of nanovolts. 

2. For similar reasons, the device should be well shielded from air currents to eliminate the possiblity of 
thermoelectric effects in excess of a few nanovolts, which would invalidate the measurements. 

3. Sudden motion in the vicinity of the device should be avoided, as it produces a feedthrough effect 
that increases observed noise. 
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OP-27 A. OP-27C. OP-27E. OP-27G 
OP-37A. OP-37C. OP-37E. OP-37G 
LOW-NOISE. HIGH-SPEED. PRECISION· OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

R2 
100 Il 

R3 
50 kll 

R1 
50 k 

+15 V 

-15V 

Vo - 1000 VIO 

NOTE: Resistors must have low 
thermoelectric potential. 

FIGURE 38. TEST CIRCUIT FOR OFFSET VOLTAGE AND OFFSET VOLTAGE TEMPERATURE 
COEFFICIENT 

unity gain buffer applications 

The resulting output waveform when Rf :$ 100 0 and the input is driven with a fast large-signal pulse 
(> 1 V) is shown in the pulsed-operation diagram in Figure 39. 

~ouw~ ·C S~ -.JV 2.8V/~S 

FIGURE 39. PULSED OPERATION 

During the initial (fast-feedthrough-like) portion of the output waveform, the input protection diodes 
effectively short the output to the input, and a current, limited only by the output short-circuit protection, 
is drawn by the signal generator. When Rf 2: 500 0, the output is capable of handling the current 
requirements (load current :$ 20 mA at 10 V), the amplifier stays in its active mode, and a smooth transition 
occurs. When Rf > 2 kO, a pole is created with Rf and the amplifier's input capacitance, creating additional 
phase shift and reducing the phase margin. A small capacitor (20 pF to 50 pF) in parallel with Rf eliminates 
this problem. 
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OP-27A. OP-27C. OP-27E. OP-27G 
OP-37A. OP-37C. OP-37E. OP-37G 

LOW-NOISE. HIGH-SPEED. PRECISION OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION 

120 

100 

TYPE S THERMOCOUPLES 
5.4"V/ oC AT DoC 

> c 
I .. 
'" ~ 
> .. .. 
'0 
z 

TO GATE 
DRIVE 

80 

60 

40 

20 

0 
0 2 4 6 

t-Time-seconds 

COLD JUNCTION 
CIRCUITRY 

+ 

8 10 

>--.I---..... OUTPUT 

HIGH-QUALITY 
SINGLE-POINT GROUND 

100 kll 

10 Il 

NOTE A: If 24 channels are multiplexed per second. and the output is required to settle to 0.1 % accuracy, the amplifier's bandwidth cannot 
be limited to less than 30 Hz. The peak-to-peak noise contribution of the OP-27 will still be only 0." "V. which is equivalent 
to an error of only 0.02 DC. 

FIGURE 40. LOW-NOISE, MULTIPLEXED THERMOCOUPLE AMPLIFIER 
AND O.l-Hz TO 10-Hz PEAK-TO-PEAK NOISE VOLTAGE 
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RC4559 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

02785, OCTOBER 1983 - REVISED JUNE 1988 

• Matched Gain and Offset Between Amplifiers 

• Unity-Gain Bandwidth , , , 3 MHz Min 

• Slew Rate .. , 1.5 V/ns Min 

o OR P PACKAGE 

(TOP VIEW) 

• Low Equivalent Input Noise Voltage 
AMP # 1 {?NU~ 01 ~ ~~~ +} 

IN + 3 6)N - AMP # 2 

.. , 2 /lV/.JHz Max (20 Hz to 20 kHz) 

• No Frequency Compensation Required 

• No Latch Up 

• Wide Common-Mode Voltage Range 

• Low Power Consumption 

• Designed to be Interchangeable with Raytheon 
RC4559 

AVAILABLE OPTIONS 

SYMBOLIZATION 

DEVICE I P:~::'~E OPERATING VIO MAX 

TEMPERATURE RANGE at 25°C 

RC4559i D,P -ooC to 70°C 6 mV 

T~e 0 packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (i.e.,RC4559DR) 

description 

VCC- 4 5 IN+ 

symbol (each amplifier) 

NONINVERTING=!>­
INPUT IN+ 

INVERTING _ 
INPUT IN-

OUTPUT 

The RC4559 is a dual high-performance operational amplifier. The high common-mode input voltage and 
the absence of latch-up make this amplifier ideal for low-noise signal applications such as audio preamplifiers 
and signal conditioners. This amplifier features a guaranteed dynamic performance and output drive 
capability that far exceeds that of the general-purpose type amplifiers. 

The RC4559 is characterized for operation from 0 °C to 70°C. 

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

Supply voltage VCC + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Supply voltage VCC _ (see Note 1) ................ , . . . . . . . . . . . . . . . . . . . . . . . . .. -18 V 
Differential input voltage (see Note 2) ......................................... ± 30 V 
Input voltage (any input, see Notes 1 and 3) .................................... ± 1 5 V 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) ......... unlimited 
Continuous total dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 500 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 
Storage temperature range ......................................... - 65°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where 
the zero reference level is the midpoint between VCC+ and VCC-. 

2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature'and10r supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

Copyright @ 1983, Texas Instruments Incorporated 
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RC4559 
DUAL HIGH·PERFORMANCE OPERATIONAL AMPLIFIER 

electrical characteristics at specified free-air temperature, V cc + .. 1 5 V, V CC _ - - 15 V 

o 
"0 
CD .. 
m ... 
O· 
::::I e. 

PARAMETER TEST CONOITIONSt 

VIO Input offset voltage Vo = 0 
25°C 

ooe to 70°C 

110 Input offset curren! Va = 0 
25°C 

ooe to 70°C 

lIB Input bias current Va = 0 
25°C 

ooe to 70°C 

VI Input voltage range 25°C 

Maximum peak RL '" 3 kll 25°C 

VOM RL = 600 Il 25°C 
output voltage swing 

RL'" 2 kll ooe to 70°C 

AVO 
Large-signal differential Va - ±10V, 25°C 

voltage amplification RL = 2 kll ooe to 70°C 

BaM Maximum output-swing bandwidth 
VOpp = 20 V, 

25°C 
RL = 2 kll 

Bl Unity-gain bandwidth 25°C 

ri Input resistance 25°C 

eMRR Common-mode rejection ratio Va - 0 25°C 

kSVS 
Supply voltage sensitivity 

Va = 0 25°C 
(Il.Vlo/Il.Vee) 

Equivalent input noise voltage 
AVO - 100, 

Vn 
(closed-loop) 

RS = 1 kll, 25°C 

f = 20 Hz to 20 kHz 

In Equivalent input noise current f = 20 Hz to 20 kHz 25°C 

Supply current 
25°C 

ICC 
No load, 

ooe 
(both amplifiers) No signal 

70 0 e 

AVO = 100, 25°e 
Vo 1 IV 02 Crosstalk attenuation RS = 1 kll, 

f = 10 kHz 25°e 

t All characteristics are specified under open-loop operation, unless otherwise noted. 

MIN 

±12 

±12 

±9.5 

±10 

20 

15 

24 

3 

0.3 

BO 

matching characteristics at VCC+ '" 15 V, VCC- - -15 V, TA "" 25°C 
PARAMETER TEST CONDITIONS MIN 

Via Input offset voltage Va = 0 

110 Input offset current Va - 0 

liB Input bias current Va = 0 

Avo 
Large-signal differential 

Va = ±10 V, RL = 2 kll 
voltage amplification 

operating characteristics, V CC + - 15 V, V CC - = - 1 5 V, T A '" 25°C 

PARAMETER TEST CONDITIONS MIN 

tr Rise time VI = 20 mY, RL = 2 kll, 

Overshoot eL = 100 pF 

SR Slew rate at unity gain 
VI - 10 V, 

eL = 100 pF 

RL - 2 kll, 
1.5 

2-'72 TEXAS ." 
INSTRUMENlS 
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TYP MAX UNIT 

2 6 
mV 

7.5 

5 100 

200 
nA 

40 250 
nA 

500 

±13 V 

±13 

±10 V 

300 
V/mV 

32 kHz 

4 MHz 

1 Mil 

100 dB 

10 75 ~VIV 

1.4 2 ~V 

25 pA 

3.3 6.6 

4 6.6 mA 

3 5 

90 
dB 

90 

TYP MAX UNIT 

±0.2 mV 

±7.5 nA 

±15 nA 

±1 dB 

TYP MAX UNIT 

BO ~s 

lB% 

2 V/~s 



RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

• Continuous-Short-Circult Protection 

• Wide Common-Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-Up 

• Unity Gain Bandwidth 3 MHz Typical 

• Gain and Phase Match Between Amplifiers 

• Designed to be Interchangeable with 
Raytheon RM4136, RV4136, and RC4136 

• Low Noise ... 8 nV/1Hz Typ at 1 kHz 

description 

The RM4136, RV4136, and RC4136 are quad 
high-performance operational amplifiers with 
each amplifier electrically similar to the uA741 
except that offset null capability is not provided, 

The high common-mode input voltage range and 
the absence of latch-up make these amplifiers 
ideal for voltage-follower applications, The 
devices are short-circuit protected and the 
internal frequency compensation ensures 
stability without external components, 

The RM4136 is characterized for operation over 
the full military temperature range of -55°C 
to 125°C, the RV4136 is characterized for 
operation from -4DoC to 85°C, and the RC4136 
is characterized for operation from DOC to 7DoC, 

D2142, MARCH 1978-REVISED NOVEMBER 1988 

RM4136, , ,J OR W PACKAGE 
ALL OTHERS ... 0, J, OR N PACKAGE 

(TOP VIEWI 

MPL~IN- IN-}AMPL 
A # 1 IN + IN + # 4 

AMPL ~~; ~~~ + 

# 2 IN + OUT} AMPL 
IN- IN+ #3 

Vee - '""1,; __ ;.roIN-

RM4136 
FK CHIP CARRIER PACKAGE 

(TOP VIEW I 

5 

6 

7 

# 2 IN + 8 

+ I I + 
~~ ~~ 
~~u<t<t 
,#:,#:z::t:t::.tt: 

3 2 1 20 19 

9 1011 12 13 

I I U I + 
Z U Z Z Z 
- U --
N> "'''' .. .. .. 

NC- No internal connection 

symbol (each amplifier) 

18 

17 

16 

15 

14 #3 OUT 

NONINVERTING =!>---
INPUTIN+ + OUTPUT 

INVERTING _ 
INPUT IN-

AVAILABLE OPTIONS 

V,OMAX 
PACKAGE 

TA SMALL·OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP FLAT 
81 25°C 

(D) (FK) (J) (N) (W) 

O'C 

to SmV RC4136D - RC413SJ RC4136N -
70'C 

-40'C 

to 6mV RV413SD - RV4136J RV413SN -
85'C 

-55'C 

to 4mV - RM4136FK RM4136J - RM4136W 

125'C 

The 0 packages are available taped and reeled. Add the suffix R to the deVice type. (e.g., RC4136DR) 

PRODUCTION DATA do.umont •• ontoin information Copyright @ 1983, Texas Instruments Incorporated 
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RM4136, RV4136, RC4136 , , . 
QUAD HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

Vcc+ ------~._--------~._--------~------e_----~._--~ 

NON INVERTING 
INPUT IN+ ---------ir--------, 

INVERTING 
INPUT IN-

~_+----_+_--+- OUTPUT 

Vcc_ ---e---e~~------e_---------.----~.------e----~--J 

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

RM4136 RV4136 RC4136 UNIT 

Supply voltage VCC+ (see Note 1) 22 18 18 V 

Supply voltage VCC- (see Note 1) -22 -18 -18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (any input, see Notes 1 and 3) ±15 ±15 ±15 V 

Duration of output short-circuit to ground, one amplifier at a time unlimited unlimited unlimited 
(see Note 4) 

Continuous total dissipation See. Dissipation Rating Table 

Operating tree-air temperature range 55 to 125 40 to 85 Oto'70 'C 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 ·C 

Case temperature for 60 seconds FK package 260 
J ·C 

Lead temperature 1,6 mm (1/16 inch) J or W package 300 300 300 ·C 
from case for 60 seconds 

Lead temperature 1,6 mm (1/16 inch) D or N package 
from case for 10 seconds 

260 260 ·C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE TA:S: 2S'C DERATING DERA.'TE TA = 70'C TA = 8S'C TA = 12S'C 
POWER RATING FACTOR ABOVE:TA POWER RATING POWER RATING POWER RATING 

D 800mW 7.6mWrC 45'C 608mW 494mW 

FK 800mW 11.0 mWrC 77'C SOOmW 715mW 275mW 

J (RM4136) SOOmW 11.0mWrC 77'C 800mW 715mW 275mW 

J (others) SOOmW S.2mWrC 52'C 656mW 533mW 

N SOOmW 9.2mWrC 63'C 736mW 59SmW 

W SOOmW S.Omwrc 50'C 640mW 520mW 200mW 
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RM4136, RV4136, RC4136 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Vcc+ = 15 V, Vcc- = - 15 V 

TEST CONDITIONSt 
RM4136 RV4136 RC4136 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

2S'C O.S 4 O.S 6 O.S 6 
Via Input offset voltage Va ~ 0 

Full range 
mV 

6 7.S 7.S 

Input offset current 
2S'C S 1S0 S 200 S 200 

110 Va ~ 0 nA 
Full range SOO SOO 300 

2S'C 140 400 140 SOO 140 SOO 
liB Input bias current Va ~ 0 nA 

Full range lS00 lS00 800 

Vi Input voltage range 2S'C ±12 ±14 ±12 ±14 ±12 ±14 V 

Maximum peak RL-l0k!! 2S'C ±12 ±14 ±12 ±14 ±12 ±14 

YOM output voltage RL - 2 k!! 2S'C ±10 ±i3 ±1D ±13 ±1D ±13 V 
swing RL" 2k!! Full range :tiO ::tiD ±10 
Large~signal 

2S'C SO 3S0 20 300 20 300 
differential VO~±10V, 

AVD 
voltage RL " 2 k!! 

V/mV 

Full range 2S lS lS 
amplificatIon 

Bl 
Unity-gain 

2S'C 3.S 3 3 MHz 
bandwidth 

ri Input resistance 2S'C 0.3 S 0.3 S 0.3 S M!! 

CMRR 
Common-mode Va - 0, 

2S'C 70 90 70 90 70 90 dB 
rejectIon ratio RS ~ SO!! 

Supply vollage VCC - ±9Vlo 

kSVS sensitivity ±ISV, 2S'C 30 1S0 30 lS0 30 lS0 IMV 

(<lVloI<lVcc) Va ~ 0 

AVD - 100, 
Equivalent input BW~lHz, 

Vn noise voltage 2S'C 8 8 8 nVIHz 

(closed-loop) 
f ~ 1 kHz, 

RS~100!! 

2S'C S 11.3 S 11.3 S 11.3 

ICC 
Supply current Va ~ 0, MINTA 6 13.3 6 13.7 6 13.7 mA 
(All four amplifiers) No load 

MAXTA 4.5 10 4.S 10 4.S 10 

Total power 2S'C 1S0 340 lS0 340 1S0 340 

PD dissipation Va ~ 0, 
MINTA 180 400 180 400 180 400 mW 

(All four amplifiers) 
No load 

MAX"TA 300 135 300 13S 300 13S 

AVD ~ 100, 

VoliV02 
Crosstalk f ~ 10 kHz, 2S'C lOS lOS lOS dB 
attenuation 

RS ~ 1 k!! 

t All characteristics are measured under open-loop conditions with zero commonMmode Input voltage unless otherwise specified. Full range is -55°C to 125°C for 
RM4136, -40'C 10 8S'C for RV4136, and O'C 10 70'C for RC4136. 

operating characteristics, VCC+ = 15 V, VCC- = -15 V, TA 25°C 

RM4136 RV4136, RC4136 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

Ir Rise time VI- 20 mY, RL-2k!!, 0.13 0.13 

Overshoot factor CL ~ 100 pF S% S% 
liS 

SR Slew rate at unity gain 
VI- 10V, 

CL ~ 100 pF 

RL - 2 k!l, 
1.7 1.7 VIliS 
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RM4558, RV4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

• Continuous-Short-Circuit Protection 

• Wide Common-Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-up 

• Unity Gain Bandwidth 3 MHz Typical 

• Gain and Phase Match Between Amplifiers 

• Low Noise ... 8 nV/..fHz Typ at 1 kHz 

• Designed to be Interchangeable with 
Raytheon RM4558, RV4558, and RC4558 

description 

02141. MARCH 1976-REV15ED DECEMBER 1988 

D. JG. OR P PACKAGE 

(TOP VIEW) 

AMPL{OUT[]8 Vcc+ 
# 1 IN - 2 7 OUT}AMPL 

IN + 3 6 IN - #2 
VCC- 4 5 IN+ 

The RM4558, RV4558, and RC4558 are dual general-purpose operational amplifiers with each half 
electrically similar to uA741 except that offset null capability is not provided. 

The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short-circuit protected and the internal frequency 
compensation ensures stability without external components. 

The RM4558 is characterized for operation over the full military temperature range of - 55°C to 125°C, 
the RV4558 is characterized for operation from -40°C to 85°C, and the RC4558 is characterized for 
operation from OOC to 70°C. 

AVAILABLE OPTIONS 

PACKAGES 

TA 
VIO MAX 

SMALL OUTLINE CERAMIC DIP PLASTIC DIP 
at 25°C 

(D) (JG) (P) 

ODC 

to 6 mV RC4558D RC4558JG RC4558P 

70 DC 

-40 oC 

to 6 mV RV4558D RV4558JG RV4558P 

85°C 

-55 DC 

to 5 mV - RM4558JG -
125 DC 

The D packages are available taped and reeled. Add the suffix "R" to the device 
type (e.g .. RC4558DR). 

PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Taxas Instruments 

Copyright © 1979. Texas Instruments Incorporated 
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RM4558, RV4558, RC4558 
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

VCC+--------~----------~J-----------~------_.------~._--__, 

INVERTING ________ + ______ ----, 
INPUT IN­

NON INVERTING 

INPUT IN+ 

~-i------t_--~-OUTPUT 

VCC---~~--~--~------~----------_'------~------_'----__ ~~ 

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

RM4558 RV4558 RC4558 UNIT 

Supply voltage V cc + (see Note 1) 22 18 18 V 

Supply voltage V CC _ (see Note 1) -22 -18 -18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (any input, see Notes 1 and 3) ±15 ±15 ±15 V 

Duration of output short-circuit to ground, one amplifier at a time 
unlimited 

(see Note 4) 
unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 -40 to 85 o to 70 °C 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 °C 

Lead temperature 1,6 mm (1/16 inch) from case 
300 300 300 °C 

for 60 seconds: JG package 

Lead temperature 1,6 mm (1/16 inch) from case 
260 260 °C 

for 10 seconds: D or P package 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC + and VCC _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

DISSIPATION RATING TA8LE 

TA s25'C DERATING FACTOR DERATE TA - 70'C TA - 85'C TA - 85'C 
PACKAGE 

POWER RATING ABOVE TA - 25'C ABOVE TA POWER RATING POWER RATING POWER RATING 

D 680mW 5.8 mW/oC 33°C 464mW 377 mW N/A 
JG (RM4558) 680mW 8.4 mW/oC 69°C 672 mW 546 mW 210mW 

JG (RV4558) 
680mW 6.6 mW/oC 

(RC4558) 
47°C 528 mW 429mW N/A 

P 680mW 8.0 mW/oC 65°C 640mW 520mW N/A 
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RM4558. RV4558. RC4558 
DUAL HIGH·PERFORMANCE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free· air temperature, V CC + '"' 15 V, V CC _ = - 15 V 

TEST CONDITIONSt 
RM4558 RV4558 RC4558 

PARAMETER 
MIN MIN TYP MAX MIN TYP MAX 

UNIT 
TYP MAX 

25°C 0.5 5 0.5 6 0.5 6 
VIO Input ollset voltage Vo = 0 mV 

Full range 6 7.5 7.5 

Input offset current Vo = 0 
25°C 5 200 5 200 5 200 

110 nA 
Full range 500 500 300 

25°C 140 500 140 500 150 500 
liB Input bias current Vo = 0 nA 

Full range 1500 1500 BOO 

VICR 
Common-mode 

input voltage range 
25°C ±12 ±14 ±12 ±14 ±12 ±14 V 

RL = 10 kll 25° ±12 ±14 ±12 ±14 ±12 ±14 

YOM 
Maximum output 

RL = 2 kll 25°C ±10 ±13 ±10 ±13 ±10 ±13 V 
voltage swing 

RL 2: 2 kll Full range ±10 ±10 ±10 

Large-signal differential RL 2: 2 kll, 25°C 50 350 20 300 20 300 
AVO voltage amplification Full range 25 15 15 

V/mV 
VO=±10V 

Bl Unity-gain bandwidth 25°C 2 3.5 3 3 MHz 

ri Input resistance 25°C 0.3 5 0.3 5 0.3 5 Mil 

CMRR Common-mode rejection ratio 25°C 70 90 70 90 70 90 dB 

kSVS 
Supply voltage sensitivity VCC = ±15V 

25°C 30 150 30 150 30 150 ~VIV 
(aVIO/aVCC) to ±9 V 

Equivalent input 
AVO = 100, 

Vn noise voltage 
RS = 100 II, 

25°C 8 8 8 nV/v'Hz 
(closed-loop) 

I = 1 kHz, 

BW = 1 Hz 

Supply current 
25°C 2.5 5.6 2.5 5.6 2.5 5.6 

ICC 
No load, 

MIN TA 3 6.6 3 6.6 3 6.6 mA 
(Both ampljfiers) Vo = 0 

MAXTA 2 5 2.3 5 2.3 5 

Total power dissipation 
25°C 75 170 75 170 75 170 

Po 
No load. 

MIN TA 90 200 90 200 90 200 mW 
(Both amplifiers) Vo = 0 

MAXTA 60 150 70 150 70 150 

V IV Crosstalk L Open loop RS = 1 kll. 25°C 85 85 85 
dB 

01 02 attenuation I AVO = 100 I = 10 kHz 25°C 105 105 105 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
is -55°C to 125°C lor RM4558, -40°C to 85°C lor RV4558. and O°C to 70°C lor RC4558. 

operating characteristics, VCC+ = 15 V, VCC- - -15 V, TA - 25°C 

PARAMETER TEST CONDITIONS 
RM4558 RV4558 RC4558 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 
UNIT 

tr Rise time VI = 20 mV. RL = 2 kll, 0.13 0.13 0.13 ns 

Overshoot CL = 100 pF 5% 5% 5% 

SR 
Slew rate at VI = 10V, RL = 2 kll, 

1.1 1.7 1.1 1.7 1.1 1.7 V/~s 
unity gain CL = 100 pF 

i!! 
Q) 

:e 
Q. 
E 

<r: 
CO 
I: 
o 

'';:; 
CO .. 
Q) 
Q. 

o 

TEXAS • 
INSTRUMENTS 

2-179 

POST OFFICE BOX 655012 • DAl.l.AS, TeXAS 75265 



o 
'C 
CD ... 
I» .... 
0' 
::::J 
!!. 
» 
3 
'2. 
::;; 
CD' 
(11 

2-180 



• Equivalent Input Noise Voltage 
3.5 nV/~Typ 

• Unity-Gain Bandwidth ...... 10 MHz Typ 

• Common-Mode Rejection Ratio 
100 dB Typ 

• High DC Voltage Gain .... 100 V/mV Typ 

• Peak-to-Peak Output Voltage Swing 
32 V Typ with VCC± ± 18 V and 
RL = 600 (J 

• High Slew Rate 

• Wide Supply Voltage Range 
±3 V to ±20 V 

• Low Harmonic Distortion 

13 V/p.s Typ 

• Designed to be Interchangeable with Signetics 
SE5534, SE5534A, NE5534, and NE5534A 

symbol 
COMP---.., 

COMP/BALANCE 

INVERTING 
INPUT IN-

INPUTIN+ 

BALANCE 

OUTPUT 

SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 

02532, JULY 1979-REVISEO MAY 1988 

SE5534, SE5534A , .• JG PACKAGE 
NE5534. NE5534A ... 0, JG OR P PACKAGE 

(TOP VIEW) 

BALANCE 

IN­

IN+ 

VCC- ...... __ ..r-' 

COMP/BAL 

VCC+ 
OUT 

COMP 

SE5534.SE5534A 
FK CHIP CARRIER PACKAGE 

(TOP VIEW) 

.J 
oct 
III 
ii: 

.J ~ 
UoctUOU 
ZIIlZUZ 

3 2 1 2019 

NC 4 18 NC 
IN- 5 17 VCC+ 

6 16 NC 
7 15 OUT 
8 14 NC 

9 1011 12 13 

U lUll. U 
Z UZ ~ Z 

U 0 
> U 

AVAILABLE OPTIONS 

description 

PACKAGE 

TA 
VIO MAX 

SMALL OUTLINE CERAMIC CERAMIC DIP PLASTIC DIP 
AT 25°C 

(D) (FK) (JG) (P) 

O°C NE5534D - NE5534JG NE5534P 
to 4 mV 

70°C NE5534AD - NE5534AJG NE5534AP 

-55°C - SE5534FK SE5534JG -
to 2 mV 

125°C - SE5534AFK SE5534AJG -

The 0 package is available taped and reeled. Add the suffix R to the device type when ordering 
(e.g .. NE5534DR). 

SE5534A FROM TI NOT RECOMMENDED FOR NEW DESIGNS 

The SE5534, SE5534A, NE5534, and NE5534A are monolithic high-performance operational amplifiers 
combining excellent dc and ac characteristics. Some of the features include very low noise, high output 
drive capability, high unity-gain and maximum-output-swing bandwidths, low distortion, and high slew rate. 

These operational amplifiers are internally compensated for a gain equal to or greater than three. Optimization 
of the frequency response for various applications can be obtained by use of an external compensation 
capacitor between pins 5 and 8. The devices feature input-protection diodes, output short-circuit protection, 
and offset-voltage nulling capability. 

Copyright @ 1983. Texas Instruments Incorporated 
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IE 

SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 

description (continued) 

For the NE5534A, a maximum limit is specified for equivalent input noise voltage. 

The SE5534 and SE5534A are characterized for operation over the full military temperature range of - 55 °e 
to 125°e; the NE5534 and NE5534A are characterized for operation from oDe to 70 o e. 

schematic 

BALANCE COMPENSATION/BALANCE COMPENSATION 

L 100 pF 

r-~~~----------~~t-·~----~~----.-------t-----.-VCC+ 

All component values shown are nominal. 

15 Il 

OUTPUT 

15 Il 

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

Supply voltage, Vee + (see Note 1) ................ , . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 V 
Supply voltage, Vee - (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 22 V 
Input voltage either input (see Notes 1 and 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee + 
Input current (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 10 mA 
Duration of output short-circuit (see Note 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
eontinuous total power dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range: SE5534, SE5534A .................. - 55 °e to 125°e 

NE5534, NE5534A ...................... oDe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 °e 
ease temperature for 60 seconds: FK package ................................... 260 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package. . . . . . . .. 260 0 e 

NOTES: 1. All voltage values. except differential voltages, are with respect to the midpoint between VCC + and Vee _. 
2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage. 
3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless 

some limiting resistance is used. 
4. The output may be shorted to ground or either power supply. Temperature andlor supply voltages must be limited to ensure 

the maximum dissipation rating is not exceeded. 
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PACKAGE 

0 

FK (see Note 5) 

JG (SE5534_) 

JG (NE5534_) 
p 

SE5534. SE5534A. NE5534. NE5534A 
LOW·NOISE OPERATIONAL AMPLIFIERS 

DISSIPATION RATING TABLE 

TA '" 25°C DERATING FACTOR TA - 70°C TA - 125°C 
POWER RATING ABOVE TA - 25°C POWER RATING POWER RATING 

725 mW 5.8 mW/oC 464mW N/A 

1375 mW 11.0 rnW/oC 880 mW 275 mW 

1050 mW 8.4 mW/oC 672 mW 210mW 

825 mW 6.6 mW/oC 528 mW N/A 

1000 mW 8.0 mW/oC 640 mW N/A 

NOTE 5: For the FK package, power rating and derating factor will vary with actual mounting technique 
used. The values stated here are believed to be conservative. 

electrical characteristics. VCC± = ± 15 V. TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SE5534, SE5534A NE5634, NE5534A 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vo ~ 0, TA = 25°C 0.5 2 0.5 4 
Via Input offset voltage mV 

RS = 50!l T A = full range 3 5 

TA = 25°C 10 200 20 300 
110 Input offset current Va = 0 nA 

T A = full range 500 400 

liE Input bias current Va ~ 0 
TA - 25°C 400 800 500 1500 

nA 
T A = full range 1500 2000 

Common-mode 
VICR ±12 

input voltage range 
±13 ±12 ±13 V 

Maximum peak-ta-peak VCC± = ±15V 24 26 24 26 
VOpp RL '" 600!l V 

output voltage swing VCC± = ±18 V 30 32 30 32 

Large-signal differential Va = ±10V, TA = 25°C 50 100 25 100 
AVO V/mV 

voltage amplification RL '" 600!l T A = full range 25 15 

Small-signal differential Cc ~ 0 6 6 
AVd f = 10 kHz 

Cc = 22 pF 2.2 
V/mV 

voltage amplification 2.2 

Va = ±10 V, Cc = 0 200 200 

Maximum-output-swing Va = ±10 V, Cc = 22 pF 95 95 
BaM kHz 

bandwidth VCC± ~ ±18V,VO = ±14V, 
70 70 

RL = 600!l, Cc = 22 pF 

Bl Unity-gain bandwidth Cc = 22 pF, CL = 100 pF 10 10 MHz 

r; Input resistance 50 100 30 100 k!l 

Zc Output impedance 
AVO = 30 dB, 

Cc = 22 pF, 

RL = 600!l, 

f = 10 kHz 
0.3 0.3 !l 

Common-mode Va = 0, VIC = VICR min, 
CMRR 

rejection ratio RS = 50!l 
80 100 70 100 dB 

Supply voltage 
VCC+ = ±9Vto±15V, 

kSVR rejection ratio 86 100 80 100 dB 

(AVCC/AVIO) 
Va = 0, RS = 50!l 

lOS 
Output short-circuit 

38 38 mA 
current 

No load, TA = 25°C 4 6.5 4 8 
ICC Supply current rnA 

Va = 0 T A = full range 9 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
is TA = -55°C to 125°C for SE5534 and SE5534A and OoC to 70°C for NE5534 and NE5534A. 
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E 

SE5534, SE5534A, NE5534, NE5534A 
LOW·NOISE OPERATIONAL AMPLIFIERS 

operating characteristics, VCC± - ±15 V, TA - 25°C 

PARAMETER TEST CONDITIONS 
SE5534, NE5534 SE5534A, NE5534A 

UNIT 
MIN TYP MAX MIN TYP MAX 

Slew rate at ee = a 13 13 
SR V/~s 

unity gain ee = 22 pF 6 6 

tr Rise time VI = 50 mV, AVO = I, 20 20 ns 
RL = 600 D, ee = 22 pF, 

Overshoot factor eL = 100 pF 20% 20% 

tr Rise time VI = 50 mV, AVO = I, 50 50 ns 
RL = 600 D, ee = 47 pF, 

Overshoot lactor eL = 500 pF 35% 35% 

Equivalent input 1- 30 Hz 7 5.5 7 
nV/.J'Hz Vn 

noise voltage I = 1 kHz 4 3.5 4.5 

Equivalent input f = 30 Hz 2.5 1.5 
pA/.J'Hz In 

noise current f = 1 kHz 0.6 0.4 

F Average noise figure RS = 5 kD, f = 10 Hz to 20 kHz 0.9 dB 

TYPICAL CHARACTERISTICS t 
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FIGURE 2 

tOata at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

VCC±=±15 V 
TA = 25°C 
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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. 

as .. 
Q) 
Q. 

o 

TEXAS ", 
INSTRUMENTS 2-185 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



E 
0 
"C 
(t) ... 
D) 
rot-

0' 
:l 
D) 

l> 
3 
'2.. 
~ 
(D' ... 
I/) 

SE5534, SE5534A, NE5534, NE5534A 
LOW-NOISE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE CURRENT 
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Very Low Power Consumption 

Power Dissipation with ± 2-V 
Supplies ... 170 /loW Typ 

Low Input Bias and Offset Currents 

Output Short-Circuit Protection 

Low Input Offset Voltage 

Internal Frequency Compensation 

Latch-Up-Free Operation 

Popular Dual Op Amp Pin-Out 

TL022M IS NOT RECOMMENDED FOR 
NEW DESIGNS 

TL022M. TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

01661, SEPTEMBER 1973-REVISED JULY 1988 

TL022M ... JG PACKAGE 
TL022C ... D. JG. OR P PACKAGE 

(TOP VIEW) 

AMP {OUT[]8 VCC+ 
#1 IN- 2 7 OUT} AMP 

IN+ 3 6 IN- #2 
VCC- 4 5 IN+ 

TL022M ... U FLAT PACKAGE 

(TOP VIEW) 

NC NC 

AMP{OUT VCC+ 
#1 IN- OUT} AMP 

IN+ IN- #2 
VCC- ""'L __ ..r- IN+ 

description NC-No internal connection 

The TL022 is a dual low-power operational 
amplifier designed to replace higher power 
devices in many applications without sacrificing 
system performance. High input impedance, low 
supply currents, arid low equivalent input noise 
voltage over a wide range of operating supply 
voltages result in an extremely versatile 
operational amplifier for use in a variety of analog 
applications including battery-operated circuits. 
Internal frequency compensation, absence of 
latch-up, high slew rate, and output short-circuit 
protection assure ease of use. 

The TL022M is characterized for operation over 
the full military temperature range of - 55°C 
to 125°C; the TL022C is characterized for 
operation from OOC to 70°C. 

symbol leach amplifier) 

NONINVERTING=I>-
INPUT IN+ + 

INVERTING _ OUTPUT 

INPUT IN-

AVAILABLE OPTIONS 

VIOMAX 
PACKAGE 

TA 
AT 25·C 

SMALL OUTLINE CERAMIC DIP PLASTIC DIP CERAMIC FLAT PACK 

(D) (JG) (P) (U) 

O·C 

to 5 mV TL022CD TL022CJG TL022CP -
70·C 

-55·C 

to 6 mV - TL022MJG - TL022MU 

125·C 

The 0 package is available taped and reeled. Add the suffix R to the device type (i.e. TL022CDR) 

PRODUCTION DATA documa.1s cO.lai. i.formatio. 
currant a. of publicltio. dlla. Products contorm 10 

Copyright @ 1983, Texas Instruments Incorporated 
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TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

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

TL022M TL022C UNIT 

Supply voltage VCC + (see Note 1) 22 18 V 

Supply voltage VCC _ (see Note 1) -22 -18 V 

Differential input voltage (see Note 2) ±30 ±30 V 

Input voltage (any input. see Notes 1 and 3) ±15 ±15 V 

Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 o to 70 ·C 

Storage temperature range -65 to 150 -65 to 150 ·C 

Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds I JG or U package 300 300 ·C 

Lead temperature 1.6 mm (1/16 inch) from cese for 10 seconds I D or P package 260 ·C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
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 TL022M only. the unlimited duration of the short-circuit 

applies at (or below) 125·C case temperature or 75·C free-air temperature . 

DISSIPATION RATING TABLE 

TA s 25°C DERATING DERATE TA - 70°C TA - 125°C 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING 

D 680mW 5.8 mW/oC 33°C 464mW 

JG (TL022M) 680mW 8.4 mW/oC 69°C 672 mW 210mW 

JG (TL022C) 680mW 6.6 mW/oC 47°C 528 mW 

P 680 mW 8.0 mW/oC 65°C 640mW 

U 675 mW 5.4 mW/oC 25°C 432mW 135 mW 
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n022M, n022e 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. vee + - 15 V . vee _ - - 15 V 

TEST CONDITIONSt 
TL022M TL022C 

PARAMETER 
MIN MIN MAX 

UNIT 
TYP MAX TYP 

Vo = 0, 25°C 1 5 1 5 
VIO Input offset voltage mV 

RS = SOil Full range 6 7.5 

25°C 5 40 15 80 
110 Input offset current Vo = 0 nA 

Full range 100 200 

25°C 50 100 100 250 
liB Input bias current Va = 0 nA 

Full range 250 400 

Common-mode 25°C ±12 ±13 ±12 ±13 
VICR V 

input voltage range Full range ±12 ±12 

Maximum peak-to-peak RL = 10 kll 25°C 20 26 20 26 
VOpp V 

output voltage swing RL" 10 kll Full range 20 20 

Large-signal differential RL" 10 kll, 25°C 72 86 60 80 
dB AVO 

voltage amplication VO=±10V Full range 66 60 

B1 Unity-gain bandwidth 25°C 0.5 0.5 MHz 

CMRR Common-mode VIC = VICR min, 25°C 60 72 60 72 
dB 

rejection ratio RS = 50 Il Full range 60 60 

Supply voltage sensitivity VCC = ±9Vto ±15V, 25°C 30 150 30 200 
kSVS 

(o<l.VIOhWCC) RS = 50 Il Full range 150 200 
~V/V 

Equivalent input 
AVO = 20 dB, 

Vn B = 1 Hz, 25°C 50 50 nV/..{Hz 
noise voltage 

f = 1 kHz 

lOS Short-circuit output current 25°C ±6 ±6 mA 

Supply current No load, 25°C 130 250 130 250 
ICC (both amplifiers) Va = 0 Full range 250 250 

~A 

Total dissipation No load, 25°C 3.9 6 3.9 7.5 
Po mW 

(both amplifiers) Va = 0 Full range 6 7.5 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. FuJI range 
for TL022M is - 55°C to 125°C and for TL022C is O°C to 70°C. 

operating characteristics. Vee + '" 15 V • Vee _ .. - 15 V. T A '"' 25°C 

PARAMETER TEST CONDITIONS 
TL022M TL022C 

UNIT 
MIN TYP MAX MIN TYP MAX 

tr Rise time VI = 20 mV, RL = 10 kll, 0.3 0.3 ~s 

Overshoot factor CL = 100 pF, See Figure 1 5% 5% 

sR Slew rate at unity gain 
VI = 10 V, 

CL = 100 pF, 

RL = 10 kll, 

See Figure 1 
0.5 0.5 V/~s 
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TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS 

TOTAL POWER DISSIPATED 
vs 

SUPPLY VOLTAGE 
10 

L-~ 
7 No load 

L:~ 
OU~UT 

No signal 
4 TA= 2SoC -IN~T 

V l' ~ 
...... i-"'" 

1 I 2 V 
c V .2 

INPUT VOLTAGE 

CL= l00pF f RL.= 10 kill i V WAVEFORM Ott 1 
0 0.7 

~ iii ... 
0 

'i 0.4 
I 

TEST CIRCUIT C 

II .... 
0.2 

0.1 I 
0 2 4 6 8 10 12 14 16 18 20 

FIGURE 1. RISE TIME. OVERSHOOT FACTOR. IVCC± I-Supply Voltage-V 

AND SLEW RATE FIGURE 2 

schematic 
OUTPUT r------------- rl-OOM~ro~Hl 

EACH AMPLIFIER AMPLIFIERS 
r----------------<_++-+-~~=~:.:::..,_-H>--- VCC+ 

INVERTING 
INPUT IN-

} 
TO OTHER l-------------+--+-J---l ..... -+-----+---l-,-.... AMPLIFIER 

NON INVERTING -i--+----4-..J 
INPUT IN+ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

L---+--~-____ ---_+___J.+I--~>--__ -_+J.I_+_- VCC-L ______ J 
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• Maximum Offset Voltage ... 800 J.lV 

• High Slew Rate •.. 2.9 V/J.ls Typ 

• Low Input Bias Current ... 2 pA Typ 

0, JG, or P PACKAGE 
(TOP VIEW) 

Tl031 , Tl031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 
03151, JULY 1988- REVISED JANUARY 1989 

• Very Low Power Consumption ... 6.5 mW Typ 

• Output Short-Circuit Protection 

FK PACKAGE 
(TOP VIEW) 

L PACKAGE 
(TOP VIEW) 

u~uuu "'''''''' u " zzzzz 
IN- 2 7 VCC + / 3 2 1 20 19 

IN + 3 6 OUT NC 4 18 NC 
Vec _ 4 5 OFFSET N2 IN- 5 17 VCC+ 

NC 6 

IN + 7 

NC 8 

9 10 11 12 13 

~ ~~ ~ ~ 
u 
> 

16 NC 
15 OUT 
14 [ NC 

VCC-

Pin 4 (L Package) is in electrical 
contact with the case 

NC - No internal connection 

description 

TA 

O°C 
to 

The TL031 and TL031A operational amplifiers incorporate well-matched, high-voltage JFET and bipolar 
transistors in a monolithic integrated circuit. These devices offer the significant advantages of Texas 
Instruments new enhanced JFET process. This process affords not only low initial offset voltage due to the 
on-chip zener trim capability but also stable offset voltage over time and temperature, In comparison, 
traditional JFET processes are plagued by significant offset voltage drift. 

This new enhanced process still maintains the traditional JFET advantages of fast slew rates and low input 
bias and offset currents. These advantages, coupled with low power consumption, make the TL031 well­
suited lor new state-ol-the-art designs as well as existing design upgrades. The TL031 has been designed 
to be functionally compatible and pin compatible with the TL061. 

AVAILABLE OPTIONS 

PACKAGE 
VIOmax SMALL- CHIP CERAMIC 
AT2S·C OUTLINE CARRIER DIP 

(D) (FK) (JG) 

0.8 mV TL031ACD - TL031ACJG 

METAL PLASTIC 
CAN DIP 
(L) (P) 

TL031ACl Tl031ACP 

DISTRIBUTION OF TL031 A 
INPUT OFFSET VOLTAGE 

16r---~---r--~----r---~--~ 

14 

'#- 12 
I 

,~ 101--+--
:::) 

'0 8 

70·C 1.5 mV Tl031CD - Tl031CJG TL031CL TL031CP t 6 400 e 0.8 mV Tl031AID - Tl031AIJG TL031AIl TL031AIP 
to 

85°C 1.5 mV Tl0311D - Tl0311JG TL0311l Tl0311P 
-55°e 0.8 mV TL031AMD Tl031AMFK Tl031AMJG TL031AML TL031AMP 

to 
125°C 1.5mV Tl031 MD Tl03l MFK Tl031MJG Tl031 Ml Tl031 MP 

D packages are available taped-and-reeled. Add "R" suffix to device type (e.g., 
TL031 CDR). 

~ 
~ 4 

2 

-600 -300 0 300 600 900 
VIO -Input Offset Voltage - I1V 

Copyright © 1988, Texas Instruments Incorporated 

PI 
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TL031, TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 

description (continued) 

Two offset voltage grades are available: TL031 (1.5 mV max) and TL031A (800 ~Vmax). 

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

The M-suffix devices are characterized for operation over the full military temperature range of - 55°e to 
125°e. The I-suffix devices are characterized for operation from - 400 e to 85°e. The e-suffix devices are 
characterized for operation from Doe to 70oe. E equivalent schematic 

o 
"0 
CD 
; .... O· 
j 

!!!. 

Q2r-----1-~--------+---------~-4------~ 
01 

Q3t-----~----------4---------~--------~ 

IN + ---+-----, 
IN_~r--'1.-.J 

OFFSET N1 --+-----+ 
OFFSETN2 

R1 

~~------~--------+--VO 
.------1--tQ17 

Vcc_ 

symbol 

IN-=t>-OUT IN + + 

2-192 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012· DALLAS, TEXAS 75265 . 



TL031 , TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 

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

Supply voltage, VCC + (see Note 1) ..................................................... 18 V 
Supply voltage, V CC _ (see Note 1) .................................................... - 18 V 
Differential input voltage (see Note 2) ................................................... ± 30 V 
Input voltage range, VI (any input, see Notes 1 and 3) ...................................... ± 15 V 
Input current, II (each input) .......................................................... ± 1 mA 
Output current, 10 ................................................................ ± 40 mA 
Total current into Vce + terminal ..................................................... 160 mA 
Total current out of VCC _ terminal ................................................... 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ............................ Unlimited 
Continuous total dissipation ........................................ See Dissipation Rating Table 
Operating free-air temperature, T A: M-suffix .................................... - 55°C to 125°C 

I-suffix ...................................... - 40°C to 85°C 
C-suffix ........................................ ooe 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: Dar P package ................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package ................ 300°C 

NOTES: I. All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
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 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 T A = 25'C POWER RATING POWER RATING POWER RATING 

D 725mW 5.8 mW/,C 464mW 377mW 145mW 

FK 1375 mW 11.0mW/,C 880mW 715mW 275mW 

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

L 825mW 6.6 mW/'C 528mW 429mW 165mW 
p 1000 mW 8.0 mW/oC 640mW 520mW 200mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, V CC ±5 ±15 ±5 ±15 ±5 ±15 

I VCC+ = ±5V -1.5 4 -1.5 4 -1.5 4 
Common· mode input voltage, VIC 

IVCC+=±15V -11.5 14 -11.5 14 -11.5 14 

Operating free-air temperature, T A -55 125 -40 85 0 70 

UNIT 

V 
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TL031M, TL031AM 
ENHANCED JFET lOW-POWER lOW-OFFSET 
OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS TAt 

TL031M 
25°C 

VIO Input offset voltage 
Full range 

25°C 
TL031AM 

VO'= 0, 
Full range 
2SoC to 

Temperature coefficient 
VIC = 0, TL031M 

125°C 
aVIO of input offset voltage 

RS = SOQ 
25°C to 

TL031AM 
125°C 

Input offset voijage 
25°C 

long-term drift (see Note 5) 

110 Input offset current 
Vo = 0, VIC = 0, 25°C 

See Figure 5 125°C 

liB Input bias current 
Vo = 0, VIC = 0, 25°C 

See Figure 5 125°C 

25°C 

VICR 
Common-mode input 

voltage range 

Full range 

Maximum positive peak 
25°C 

VOM+ RL = 10 kQ -55°C 
output voltage swing 

125°C 

Maximum negative peak 
25°C 

VOM- RL = 10kQ -SsoC 
output voltage swing 

125°C 

Large-signal diflerential RL = 10 kQ, 
25°C 

AVD 
voltage amplification See Note 6 

-55°C 
12SoC 

q Input resistance 25°C 

Ci Input capacitance 25°C 

Common-mode 
VIC - VICR min, 25°C 

CMRR 
rejection ratio 

Vo = 0, -55°C 

RS= SOQ 125°C 
Supply-voltage VCC± = ±5Vto±15V, 25°C 

kSVR rejection ratio Vo = 0, -55°C 

(&VCC±I&VIO) RS = SOQ 125°C 

No load, 
25°C 

PD Total power dissipation 
Vo = 0 

-55°C 
12SoC 

No load, 
25°C 

ICC Supply current -55°C 
Vo = 0 

12SoC 

t Full range is - 55°C to 125°C. 

VCC± = ±S V VCC+ = ±lSV 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.54 3.5 O.S 1.5 

6.5 4.S 

0.41 
mV 

2.8 0.34 0.8 

5.8 3.8 

5.1 4.3 

IlV/oC 

5.1 4.3 

0.04 0.04 IlV/mo 

1 100 1 100 pA 

0.2 10 0.2 10 nA 

2 200 2 200 pA 
7. 20 8 20 nA 

-1.5 -3.4 -11.5 -13.4 

to to to to 
4 5.4 14 15.4 

V 
-1.5 -11.5 

to to 

4 14 

3 4.3 13 14 

3 4.1 13 14 V 

3 4.4 13 14 

-3 -4.2 -12.5 -13.9 

-3 -4 -12.5 -13.8 V 
-3 -4.3 -12.5 -14 

4 12 5 14.3 

3 7.1 4 10.4 V/mV 

3 12.9 4 15 

10'2 10'2 Q 

5 4 pF 

70 87 75 94 

70 87 70 94 dB 

70 87 70 94 

75 96 75 96 
75 95 75 95 dB 

75 96 75 96 

1.9 2.5 6.5 8.4 

1.1 2.5 4.7 8.4 mW 

1.8 2.5 5.8 8.4 

192 250 217 280 

114 250 156 280 I1A 
178 2S0 197 280 

NOTES: 5. Typical values are based on the input offset voijage shift observed through 168 hours of operating life test at T A = IS0°C extrapolated 
to TA = 2SoC using the Arrhenius equation and assuming an activation energy of 0.96 eV. 

6. At VCC ± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
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operating characteristics 

PARAMETER TEST CONDITIONS 

Positive slew rate 
SR+ 

at unity gain 
RL = 10 kn, 

CL = 100 pF, 

Negative slew rate 
See Figure 1, 

SR- See Note 7 
at unity gain 

tr Rise time 
VIPP = ± 10 mV, 
RL = 10 kn, 

tl Fall time CL = 100 pF, 
See Figures 1 and 2 

Overshoot lactor 

Equivalent TL031M 
1= 10 Hz 

Vn input 
RS = 100 n, 1=1 kHz 

noise voltage TL031AM 
See Figure 3 1= 10 Hz 

I = 1kHz 

In 
Equivalent input 

I = 1 kHz 
noise current 

Vi = 10 mV, RL = 10 kn, 
Bl Unity-gain bandwidth 

CL = 25 pF, See Figure 4 

Phase margin Vi = 10mV, RL = 10kn, 
4Im at unity gain CL = 25 pF, See Figure 4 

TL031M, TL031AM 
ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TA 
VCC+ = ± 5 v VCC+ = ±15V 

UNIT 
MIN TYP MAX MIN TYP MAX 

25'C 2.0 2 2.9 

-55'C 1.4 1.2 1.9 V/IlS 
125'C 2.4 1.2 3.5 

25'C 3.9 3 5.1 

-55'C 3.2 2.5 4.6 V/IlS 
125'C 4.1 2.5 4.7 

25'C 138 132 

-55'C 142 123 ns 
125'C 166 158 

25'C 138 132 

-55'C 142 123 ns 
125'C 166 158 

25'C 11% 5% 
-55'C 16% 6% 

125'C 14% 8% 

25'C 
61 61 
41 41 

nV/'i'Hz 
25'C 

61 61 
41 41 

25°C 0.003 0.003 pA/'i'Hz 

25°C 1 1.1 
-55°C 1 1.1 MHz 
125°C 0.9 0.9 

25°C 61° 65° 
-55°C 57° 64° 
125°C 59° 62° 

PI 

'i 
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o 
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G) 
c.. o 

NOTE 7: ForVCC± = ±5V,VIPP = ±lV;forVCC± = ±15V,VIPP = ±5V. 
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Tl031 I , Tl03tAI 
ENHANCEO·JFET lOW-POWER lOW-OFFSET 
OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS TAt 

TL031 I 
25°C 

Via Input offset voltage 
Full range 

25°C 
TL031AI 

Full range 
Va ~ 0, 

25°C to 
Temperature coefficient VIC ~ 0, TL031 I 

85°C 
"via of input offset voltage RS ~ 50Q 

25°C to 
(see Note 8) TL031AI 

85°C 
Input offset voltage 

25°C 
long-term drift (see Note 5) 

110 Input offset current Va = 0, VIC ~ 0, 25°C 
See Figure 5 85°C 

liB Input bias current Va = 0, VIC ~ 0, 25°C 
See Figure 5 85°C 

25°C 

VICR 
Common-mode input 
voltage range 

Full range 

Maximum positive peak 
25°C 

VOM+ RL = 10ka -40°C 
output voltage swing 

85°C 

Maximum negative peak 
25°C 

VOM- RL = 10 kQ -40°C 
output voltage swing 

85°C 

Large-signal differential RL ~ 10kQ, 
25°C 

AVO voltage amplification See Note 6 
-40°C 

85°C 

'i Input resistance 25°C 

Ci Input capacitance 25°C 

Common-mode 
VIC ~ VICR min, 25°C 

CMRR 
rejection ratio 

Va = 0, -40°C 
RS = 50Q 85°C 

Supply-voltage VCC± = ±5Vto±15V, 25°C 

kSVR rejection ratio Va = 0, -40°C 
(~VCC ±I ~VIO) RS ~ 50Q 85°C 

No load, 
25°C 

Po Total power dissipation -40°C 
Va ~ 0 

85°C 

No load, 
25°C 

ICC Supply current . - 40°C 
Va ~ 0 

85°C 

t Full range is - 40°C to 85°C. 

VCC± = ±5V VCC± = ± 15 v 
UNIT 

MIN TYP MAX MIN TYP MAX 
0.54 3.5 0.5 1.5 

5.3 3.3 
mV 

0.41 2.8 0.34 0.8 
4.6 2.6 

6.5 6.2 
l'V/oC 

6.5 6.2 25 

0.04 0.04 I'V/mo 

1 100 1 100 pA 
0.02 0.45 0.02 0.45 nA 

2 200 2 200 pA 
0.2 0.9 0.2 0.9 nA 

-1.5 -3.4 -11.5 -13.4 
to to to to 
4 5.4 14 15.4 

V 
-1.5 -11.5 

to to 
4 14 
3 4.3 13 14 
3 4.1 13 14 V 
3 4.4 13 14 

-3 -4.2 -12.5 -13.9 
-3 -4.1 -12.5 -13.8 V 
-3 -4.2 -12.5 -14 

4 12 5 14.3 
3 8.4 4 11.6 V/mV 
4 13.5 5 15.3 

1012 1012 Q 

5 4 pF 
70 87 75 94 
70 87 75 94 dB 
70 87 75 94 
75 96 75 96 
75 96 75 96 dB 
75 96 75 96 

1.9 2.5 6.5 8.4 
1.4 2.5 5.4 8.4 mW 
1.9 2.5 6.2 8.4 
192 250 217 280 
144 250 181 280 I1A 
189 250 207 280 

NOTES: 5. 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. 

6. AtVCC± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
8. This parameter is tested on a sample basis for the TL031 A. For other test requirements, please contact the factory. This statement 

has no bearing on testing or nontesting of other parameters. 
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TL031 I, TL031AI 
ENHANCED JFET lOW-POWER lOW-OFFSET 

OPERATIONAL AMPLIFIERS 

operating characteristics 

PARAMETER TEST CONDITIONS TA 
Vee ± = ± 5 V Vee ± = ± 15 V 

UNIT 
MIN TYP MAX MIN TYP MAX 

Positive slew rate 
25°C 2.0 2 2.9 

SR+ 
at unity gain 

Rl = 10 krI, -40°C 1.6 1.5 2.1 V/IlS 
Cl = 100 pF, 85°C 2.3 2 3.3 

Negative slew rate 
See Figure I, 25°C 3.9 3.5 5.1 

SR- See Note 7 -40°C 3.3 3.2 4.8 V/IlS at unity gain 
85°C 4.1 3.2 4.9 

25°C 138 132 

tr Rise time -40°C 132 123 ns 
VIPP = ± 10 mV, 85°C 154 146 
Rl = 10 ka, 25°C 138 132 

tl Fall time Cl = 100 pF, -40°C 132 123 ns 
See Figures 1 and 2 85°C 154 146 

25°C 11% 5% 

Overshoot lactor -40°C 12% 5% 

85°C 13% 7% 

Equivalent 
Tl031 I 

1= 10 Hz 
25°C 

61 61 
input RS = 100 a, 1=1 kHz 41 41 

Vn 
noise voltage See Figure 3 1= 10 Hz 61 61 

nV/Mz 

Tl031AI 25°C 
(see Note 9) 1=1 kHz 41 41 60 

In 
Equivalent input 

1= 1 kHz 25°C 0.003 0.003 pAlMz 
noise current 

Vi = 10 mV, Rl = 10 ka, 25°C 1 1.1 
61 Unity-gain bandwidth -40°C 1 1.1 MHz CL = 25 pF, See Figure 4 

85°C 0.9 1 

Phase margin Vi = 10 mV, Rl = 10 ka, 25°C 61° 65° 

~m -40°C 60° 65° 
at unity gain CL = 25 pF, See Figure 4 

85°C 60° 64° 

NOTES: 7. ForVCC± = ±5V, VIPP = ±1 V; 10rVCC± = ±15V, VIPP = ±5V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the lactory. This statement has no bearing 

on testing or nontesting 01 other parameters. 
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TL031C, TL031AC 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL031C 

Via Input offset voltage 

TL031AC 

Va = 0, 
Temperature coefficient VIC = 0, TL031C 

"'via of input offset voltage RS = 50n 

(see Note 8) TL031AC 

Input offset voltage 

long-term drift (see Note 5) 

110 Input offset current Va = 0, VIC = 0, 
See Figure 5 

liB Input bias current 
Va = 0, VIC = 0, 
See Figure 5 

VICR 
Common-mode input 

voltage range 

TAt 

25'C 

Full range 

25'C 

Full range 

25'C to 

70'C 

25'Cto 

70'C 

25'C 

25'C 

70'C 

25'C 

70'C 

25'C 

Full range 

Maximum positive peak 
25'C 

VOM+ RL = 10kn O'C 
output voltage swing 

70'C 

Maximum negative peak 
25'C 

VOM- RL = 10 kn O'C 
output voltage swing 

70'C 

Large-signal differential RL = 10kn, 
25'C 

AVD voltage amplification See Note 6 
O'C 

70'C 

ri Input resistance 25'C 

Ci Input capacitance 25'C 

Common-mode 
VIC = VICR min, 25'C 

CMRR 
rejection ratio 

Va = 0, O'C 

RS = 50n 70'C 

Supply-voltage VCC± = ±5Vto±15V, 25'C 

kSVR rejection ratio Va = 0, O'C 

(L1VCC±/L1VIO) RS = 50n 70'C 

No load, 
25'C 

PD Total power dissipation O'C 
Va = 0 

70'C 

No load, 
25'C 

ICC Supply current O'C 
Va = 0 

70'C 

t Full range is O'C to 70'C. 

VCC± = ±5V VCC± = ±15V 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.54 3.5 0.5 1.5 

4.5 2.5 
mV 

0.41 2.8 0.34 0.8 

3.8 1.8 

7.1 5.9 

v.V/'C 

7.1 5.9 25 

0.04 0.04 v.V/mo 

1 100 1 100 
pA 

9 200 12 200 

2 200 2 200 
pA 

50 400 80 400 

-1.5 -3.4 -11.5 -13.4 

to to to to 

4 5.4 14 15.4 
V 

-1.5 -11.5 

to to 

4 14 

3 4.3 13 14 

3 4.2 13 14 V 

3 4.3 13 14 

-3 -4.2 -12.5 -13.9 

-3 -4.1 -12.5 -13.9 V 

-3 -4.2 -12.5 -14 

4 12 5 14.3 

3 11.1 4 13.5 V/mV 

4 13.3 5 15.2 

1012 1012 n 

5 4 pF 

70 87 75 94 

70 87 75 94 dB 

70 87 75 94 

75 96 75 96 

75 96 75 96 dB 

75 96 75 96 

1.9 2.5 6.5 8.4 

1.8 2.5 6.3 8.4 mW 

1.9 2.5 6.3 8.4 

192 250 217 280 

184 250 211 280 v.A 
189 250 210 280 

NOTES: 5. 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. 

2-198 

6. At VCC ± = ± 5 V, Va = ± 2.3 V; atYCC ± = ± 15 V, Va = ± 10 V. 
8. This parameter is tested on a sample basis for the TL031 A. For other test requirements, please contact the factory. This statement 

has no bearing on testing or nontesting of other parameters. 
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operating characteristics 

PARAMETER TEST CONDITIONS 

Positive slew rate 
SA + 

at unity gain 
AL = 10ka, 

CL = 100 pF, 

Negative slew rate 
See Figure 1, 

SA- See Note 7 
at unity gain 

tr Aise time 
VIPP = ± 10 mY, 
AL = 10ka, 

tl Fall time CL = 100 pF, 

See Figures 1 and 2 

Overshoot lactor 

Equivalent 
TL031C 

I = 10 Hz 

Vn 
input AS = 100 a, 1=1 kHz 
noise voltage See Figure 3 I = 10 Hz 
(see Note 9) 

TL031AC 
1=1 kHz 

In 
Equivalent input 

I = 1 kHz 
noise current 

Vi = 10mV, AL = 10ka, 
Bl Unity-gain bandwidth 

CL = 25 pF, See Figure 4 

Phase margin Vi = 10mV, AL = 10ka, 
<l>m at unity gain CL = 25 pF, See Figure 4 

TL031C, TL031AC 
ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TA 
Vee ± = ±5 V Vcc± = ± 15V 

UNIT 
MIN TVP MAX MIN TVP MAX 

25°C 2.0 2 2.9 

O°C 1.8 1.5 2.6 V/flS 

70°C 2.2 2 3.2 

25°C 3.9 3.5 5.1 

O°C 3.7 3.2 5.0 V/flS 

70°C 4.0 3.2 5.0 

25°C 138 132 

O°C 134 127 ns 
70°C 150 142 

25°C 138 132 

O°C 134 127 ns 
70°C 150 142 

25°C 11% 5% 

O°C 10% 4% 

70°C 12% 6% 

25°C 
61 61 
41 41 

nVN'Hz 
61 61 

25°C 
41 41 60 

25°C 0.003 0.003 pA/;iHz 

25°C 1 1.1 

O°C 1 1.1 MHz 

70°C 1 1 

25°C 61° 65° 

O°C 61° 65° 

70°C 60° 64° 

NOTES: 7. ForVCC± = ±5V,VIPP = ±IV;forVCC± = ±15V,VIPP = ±5V. 
9. This parameter is tested on a sample basis. For other test reqUirements, please contact the factory. This statement has no bearing 

on testing or nontesting 01 other parameters. 

PARAMETER MEASUREMENT INFORMATION 

>--.... -+--VO 

NOTE A: CL includes fixture capacitance. 

FIGURE 1. SLEW RATE, RISE/FALL TIME, 
AND OVERSHOOT TEST CIRCUIT 

I 
I 
I 
I 
I 
I 
I 

10% : 
I I 
~ t,.- RISE TIME 

FIGURE 2. RISE TIME AND OVERSHOOT 
WAVEFORM 
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TL031 , TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Vo 

RS RS 

NOTE A: CL includes fixture capacitance. 

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT FIGURE 4. UNITY·GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 

typical values 

GROUND SHIELD Vee + 

FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 

Typical values as presented in this data sheet represent the median (50% point) of device parametriC 
performance. 

input bias and offset current 

At the picoamp bias current level typical of the TL031 and TL031 A, 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. 

noise 

Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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TL031 , TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL031 , TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL031 , TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL031 , TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL031 , TL031A 
ENHANCED .JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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~ See Figure 1 
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FIGURE 38 
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RL = 10 kQ 

eL = 25pF 

TA = 25°e 
See Figure 4 
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FIGURE 40 
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FIGURE 39 

UNITY-GAIN BANDWIDTH 
vs 

FREE-AIR TEMPERATURE 
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RL = 10 kQ 

eL = 25pF 

Vee ± = ±15V 
See Figure 4 
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FIGURE 41 
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Tl031 , Tl031A 
ENHANCED JFET lOW-POWER lOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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RL = 10 kQ 
CL = 25pF 
TA = 25°C 
See Figure 4 
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FIGURE 42 
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VOLTAGE-FOLLOWER 
SMALL-SIGNAL 

PULSE RESPONSE 

VCC ± = ±15V 
RL=10kQ 

'\.. CL = 100pF 

TA = 25°C 
See Figure 1 
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NOTE 10: Values of phase margin below a load capacitance of 25 pF were estimated. 
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TL031 , TL031A 
ENHANCED JFET lOW-POWER lOW-OF'FSET 
OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL 

PULSE RESPONSE 
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CL = 100 pF 
TA = 25'C I See Figure 1 ,f\. 
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~ -4 / 1\ See Figure 1 
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Input characteristics 
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I-Tlme-Its 

FIGURE 46 
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I-Tlme-IJ.II 

FIGURE 47 

TYPICAL APPLICATION DATA 

The TL031 and TL031 A 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 TL031 and 
TL031 A 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 a good practice to include guard rings around inputs (see Figure 48). These guards should be driven from 
a low-impedance source at the same voltage level as the common-mode input. 

(s) NONINVERTING AMPLIFIER 

Vo 

(b) INVERTING AMPLIFIER 

FIGURE 48. USE OF GUARD RINGS 

(e) UNITY-GAIN AMPLIFIER 
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output characteristics 

TL031 , TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

All operating characteristics (except bandwidth and phase margin) are specified with 100-pF load 
capacitance. The TL031 and TL031 A will drive higher capacitive loads; however, as the load capacitance 
increases, the resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even 
oscillation. The value 01 the load capacitance at which oscillation occurs varies with production lots. II an 
application appears to be sensitive to oscillation due to load capacitance, adding a small resistance in series 
with the load should alleviate the problem. Capacitive loads of 1000 pF and larger may be driven il enough 
resistance is added in series with the output (see Figure 49). 

(a) CL = 100 pF, R = 0 (b) CL = 300 pF, R = 0 (e) CL = 350pF, R = 0 

(d) CL = 1000 pF, R = 0 (e) CL = 1000 pF, R = 50 G (I) CL = 1000 pF, R = 2 kG 

FIGURE 49. EFFECT OF CAPACITIVE LOADS 

+5V n 
- 5V ..J L 

NOTE A: CL includes fixture capacitance. 

FIGURE 50. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TLD3l, TLD31A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

high-Q notch filter 

In general, Texas Instruments enhanced JFET operational amplifiers serve as excellent filters. The circuit in 
Figure 51 provides a narrow notch at a specific frequency. Notch filters are designed to eliminate frequencies 
that are interfering with the operation of an application. For this filter, the center frequency can be calculated 
as: 1 

fa = 27tR1C1 

" 
With the resistors and capacitors shown in Figure 51, the center frequency is 1 kHz. Note that 
C1 = C3 = C2 + 2 and also that Rl = R3 = 2 x R2. The center frequency can be modified by varying 
these values. When adjusting the center frequency, be sure that the operational amplifier still has sufficient o gain at the frequency of interest. 

't:I 
CD a; ... o· 
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FIGURE 51. HIGH·Q NOTCH FILTER 
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transimpedance amplifier 

TL031 , TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

The low-power precision TL031 allows accurate measurement of low currents. The high input impedance and 
low offset voltage of the TL031A greatly simplify the design of a trans impedance amplifier. At room 
temperature, this design achieves ten-bit accuracy with an error of less than '/2 LSB. 

Assuming that R2 is much less than R1 and ignoring error terms, the output voltage can be expressed as: 

Vo = - liN x RF(R1R~ R2) 

Using the resistor values shown in the schematic, for a 1-nA input current, the output voltage equals - 0.1 V .• 
If the Vo limit for the TL031 A is measured to be ± 12 V, the maximum input current for these resistor values 
is ± 120 nA. Similarly, one LSB on a ten-bit scale corresponds to 12 mV of output voltage or 120 pA of input f 
~~~ ~ 

~ The following equation shows the effect of input offset voltage and input bias current on the output voltage: Q. 

If the application requires input protection for the trans impedance amplifier, do not use standard PN diodes. 
Instead, use low-leakage Siliconix SN4117 JFETs (or equivalent) connected as diodes across the TL031 A 
inputs as shown in Figuire 52. 

As with all precision applications, special care must be taken to eliminate external sources of leakage and 
interference. Other precautions include using high-quality insulation, cleaning insulating surfaces to remove 
fluxes and other residue, and enclosing the application within a protective box. 

INPUT 
CURRENT ---_>---------l 

RF 
10 Mil 

+15V 

>--_---1- Vo 

-15V R1 90W 

SN4117 

R2 10 kll 

FIGURE 52. TRANSIMPEDANCE AMPLIFIER 

E 
oCt 
c; 
C o 

+i ca ... 
~ 
Q. o 

TEXAS ." 
INSTRUMENTS 2-215 

POST OFFICE BOX 655012· DALLAS, TEXAS 75265 



E 
o 
"0 
CD 
D1 .... 
0' 
~ 

!. 

TL031 , TL031A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

4- to 20-mA current loops 

Often information from an analog sensor must be sent over a distance to the receiving circuitry. For many 
applications, the most feasible method involves converting voltage information to a current before transmis­
sion. The following circuits give two variations of low-power current loops. The circuit in Figure 53 requires 
three wires from the transmitting to receiving circuitry while the second variation in Figure 54 requires only two 
wires but includes an extra integrated circuit. Both circuits benefit from the high input impedance of the 
TL031A since many inexpensive sensors do not have low output impedance. 

Assuming that the voltage at the noninverting input of the TL031 A is zero, the following equation determines 
the output current: 

10 = VIN(~)+5V(~)= O.16xVIN+4mA 
R1 x RS R2x RS 

The circuits presently provide 4-to 20-mA output for an input voltage of 0 to 100 mV. By modifying R1, R2, 
and R3, the input voltage range or the output current range can be adjusted . 

Including the offset voltage of the operational amplifier in the above equation clearly illustrates why the low 
offset TL031 A was chosen: 

10 = VIN --- +5V --- -VIO ---+---+- = 0.16xVIN+4mA-0.17xVI0 ( R3) (R3) (R3 R3 R1 ) 
~x% ~x% ~x% ~x% % 

For example, an offset voltage of 1 mV decreases the output current by 0.17 mA .. 

Thanks to the low power consumption of the TL031A, both circuits have at least 2 mA available to drive the 
actual sensor from the 5-V reference node. 

r-------------------------------~~~ vcc+= 10V 

LT1019-5 

+5VR~------_r~~r---~>-------------, 

R2 1 MQ 10flF 

R4 5kn 

R3 80kQ 

10 flF R5 
2N3904 

3.3kn 

1N4148 

c~~:~~ -----..... --+----'--------4>---------------4>-10....,:S"'Q-..----<~ ~IO 
RLI50Q 

FIGURE 53. 2-WIRE 4- TO 20-mA CURRENT LOOP 
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TL031 , TL031A 
ENHANCED JFET lOW-POWER lOW-OFFSET 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

TL431 

S V Ref----+~-...---__, 

R2 1 Mn 

R1 
VIN --""S kflvr---+--.---+----+---I 

R4 5kn 

R3 80kn 

RS 
2N3904 

3.3kn 

'---------t-----(I~ VEE = -5 V 

1N4148 

FIGURE 54. 3-WIRE 4- TO 20-mA CURRENT LOOP 
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TL032, TL032A 
ENHANCED JFET lOW-POWER lOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 
03152. JULY 1988- REVISED JANUARY 1989 

• Maximum Voltage .•• 800 ILV • Very Low Power Consumption ... 13 mW Typ 

• High Slew Rate •.• 2.9 V!ILS Typ • Output Short-Circuit Protection 

• low Input Bias Current .•. 2 pA Typ 

0, JG, or P PACKAGE 
(TOP VIEW) 

10UT[]B VCC+ 
l1N- 2 720UT 
1 IN + 3 6 21N-

VCC- 4 5 21N+ 

NC - No internal connection 

description 

/ 

NC 4 

l1N- 5 

NC 6 

liN + 7 

NC B 

FK PACKAGE 
(TOP VIEW) 

f- + 
=> u 

u 0 u uu 
Z~Z>Z 

3 2 1 20 19 

9 10 11 12 13 

U I U + U 
Z UZ Z Z 

U -> C\I 

18 NC 
17 2 OUT 
16 NC 
15 21N-
14 NC 

L PACKAGE 
(TOP VIEW) 

VCC+ 

Pin 4 (L Package) is in electrical 
contact with the case 

The TL032 and TL032A dual operational amplifiers incorporate well-matched, high-voltage JFET and bipolar 
transistors in a monolithic integrated circuit. These devices offer the significant advantages of Texas 
Instruments new enhanced JFET process. This process affords not only low initial offset voltage due to the 
on-chip zener trim capability but also stable offset voltage over time and temperature. In comparison, 
traditional JFET processes are plagued by significant offset voltage drift. 

This new enhanced process still maintains the traditional JFET advantages of fast slew rates and low input 
bias and offset currents. These advantages coupled with low power consumption make the TL032 well-suited 
for new state-of-the-art designs as well as existing design upgrades. The TL032 has been designed to be 

AVAILABLE OPTIONS 

PACKAGE 

TA 
VIOmax SMAll- CHIP CERAMIC METAL PLASTIC 
AT2SoC OUTLINE CARRIER DIP CAN DIP 

(D) (FK) (JG) (l) (PI 

°t~!,; 0.8 mV TL032ACD - TL032ACJG TL032ACL TL032ACP 

lO'C 1.5 mV TL032CD - TL032CJG TL032CL TL032CP 
-40'C 0.8 mV TL032AID - TL032AIJG TL032AIL TL032AIP 

to 
85'C 1.5 mV TL0321D - TL0321JG TL0321L TL0321P 
55'C 0.8 mV TL032AMD TL032AMFK TL032AMJG TL032AML TL032AMP 
to 

125'C 1.5mV TL032MD TL032MFK TL032MJG TL032ML TL032MP 

o packages are available taped-and-reeled. Add "R" suffix to device type when 
ordering (e.g., TL032CDR). 

PRODUCTION DATA docum.nts confaln Inform.tlon 
cu".nt .S 01 publication d.,.. ProduCls conform 10 

DISTRIBUTION OF TL032A 
INPUT OFFSET VOLTAGE 

-600 -300 0 300 600 900 
VIO - Input Offset Voltage - I1V 

Copyright © 1988, Texas Instruments Incorporated 

II 

a; 
C o 

'';:; 
CO .. 
CD 
Q. o 
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Tl032, Tl032A 
ENHANCED JFET LOW-POWER lOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 

description (continued) 
functionally compatible and pin compatible with the TL062. Two offset voltage grades are available: 
TL032 (1.5 mV max) and TL032A (800 !-LV max). 

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

The M-suffix devices are characterized for operation over the full military temperature range of - 55°C to 
125°C. The I-suffix devices are characterized for operation from - 40°C to 85°C. The e-suffix devices are 
characterized for operation from ooe to 70°C. E equivalent schematic (each amplifier) 

0 
~ 
(1) .. 
I» ... 
0' 
:::l 
!!. 
l> 
3 
'2. 
=h 
i' ... 
tn 

Q2 

Q3 

IN+ 
IN-

R1 

symbol (each amplifier) 

01 
r---~r---------r---~----r-----~ 

~~------~------~--Vo 
+--------,.-[Q17 

Vcc-

IN-=t>-OUT IN + + 
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TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

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

Supply voltage, Vee + (see Note 1) ..................................................... 18 V 
Supply voltage, Vee _ (see Note 1) .................................................... - 18 V 
Differential input voltage (see Note 2) ................................................... ± 30 V 
Input voltage range, VI (any input, see Notes 1 and 3) ...................................... ± 15 V 
Input current, II (each input) .......................................................... ± 1 mA 
Output current, 10 (each output) ..................................................... ± 40 mA 
Total current into Vee + terminal ..................................................... 160 mA 
Total current out of Vee _ terminal ................................................... 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ............................ unlimited 2 
eontin~ous total.dissipation ..... : ..... : ............................ See Dissipation ~ating Ta~le 
Operallng free-air temperature, T A. M-sufflx .................................... - 55 e to 125 e 

I-suffix ..................................... - 40°C to 85°C 
e-suffix ........................................ Qoe to 7Qoe ~ 

Storage temperature range ................................................... - 65°C to 150°C Q) 

Case temperature for 60 seconds: FK package ........................................... 260°C :e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°C 15. 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package ................ 300°C E 

NOTES: 1. All voltage values, except differential voijages, are with respect to the midpoint between Vce + and Vee _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
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 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 = SS·C 
POWER RATING ABOVE T A = 2S·C POWER RATING POWER RATING 

D 725mW 5.8 mw/oe 464mW 377mW 

FK 1375 mW 11.0 mW/oC 880mW 715mW 

JG 1050 mW 8.4 mW/oC 672mW 546mW 

L 825mW 6.6 mwrc 528mW 429mW 
p 1000 mW 8.0 mw/oe 640mW 520mW 

recommended operating conditions 

Supply voltage, vec 

Common-mode input voltage, VIC 

Operating free-air temperature, T A 

M-SUFFIX 

MIN NOM MAX 

±5 ±15 

L VCC± = ±5V -1.5 4 

I VCC± = ±15V -11.5 14 

-55 125 

TEXAS ~ 
INSTRUMENlS 

I-SUFFIX 

MIN NOM MAX 

±5 ±15 

-1.5 4 

-11.5 14 

-40 85 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

TA = 12S·C 
POWER RATING 

145mW 

275mW 

210mW 

165mW 

200mW 

C-SUFFIX 

MIN NOM MAX 

±5 ±15 

-1.5 4 

-11.5 14 

0 70 

UNIT 

V 

V 

°C 

<C 
ca c o ;; 
~ 
Q) 
Co o 

2-221 



E 
o 
'C 
CD ... 
I» .... 
0" 
:::I 
!. 

TL032M, TL032AM 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS TAt 

TL032M 
25°C 

Via Input offset voltage 
Full range 

TL032AM 
25°C 

Full range 
Va = 0, 

25°C to 
Temperature coefficient 

VIC = 0, TL032M 
125°C 

"'via of input offset voltage 
RS = 50 r.! 

25°C to 
TL032AM 

125°C 
Input offset voltage 

25°C 
long-term drift (see Note 5) 

110 Input offset current 
Va = 0, VIC = 0, 25°C 
See Figure 5 125°C 

liB Input bias current 
Va = 0, VIC = 0, 25°C 
See Figure 5 125°C 

25°C 

VICR 
Common-mode input 

voltage range 

Full range 

Maximum positive peak 
25°C 

VOM+ RL = 10kr.! -55°C 
output voltage swing 

125°C 

Maximum negative peak 
25°C 

VOM- RL = 10 kr.l -55°C 
output voltage swing 

125°C 

Large-signal differential RL = 10 kr.l, 
25°C 

AVO 
voltage amplification See Note 6 

-55°C 

125°C 
ri Input resistance 25°C 

Ci Input capacitance 25°C 

Common-mode 
VIC = VICR min, 25°C 

CMRR Va = 0, -55°C 
rejection ratio 

RS= 50r.! 125°C 
Supply-voltage VCC± = ±5Vto±15V, 25°C 

kSVR rejection ratio Va = 0, -55°C 

(8VCC ±/8VI0) RS = 50 r.! 125°C 

Total power dissipation No load, 
25°C 

Po -55°C 
(two amplifiers) Va = 0 

125°C 

Supply current No load, 
25°C 

ICC -55°C 
(two amplifiers) Va = 0 

125°C 
V011V02 Crosstalk attenuation AVO - 100 25°C 

t Full range is - 55°C to 125°C. 

VCC± = ±5V VCC± = ±15V 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.69 3.5 0.57 1.5 

6.5 4.5 
mV 

0.53 2.8 0.39 0.8 

5.8 3.8 

9.7 9.7 

IlV/oC 

9.7 9.7 

0.04 0.04 IlV/mo 

1 100 1 100 pA 

0.2 10 0.2 10 nA 

'2 200 2 200 pA 

7 20 8 20 nA 

-1.5 -3.4 -11.5 -13.4 

to to to to 

4 5.4 14 15.4 
V 

-1.5 -11.5 

to to 

4 14 

3 4.3 13 14 

3 4.1 13 14 V 

3 4.4 13 14 

-3 -4.2 -12.5 -13.9 

-3 -4 -12.5 -13.8 V 

-3 -4.3 -12.5 -14 

4 12 5 14.3 

3 7.1 4 10.4 V/mV 

3 12.9 4 15 

10'2 10'2 r.! 

5 4 pF 

70 87 75 94 

70 87 70 94 dB 

70 87 70 94 

75 96 75 96 

75 95 75 95 dB 

75 96 75 96 

3.8 5 13 17 

2.3 5 9.4 17 mW 

3.6 5 11.8 17 

384 500 434 560 
228 500 312 560 IJ.A 
356 500 394 560 

120 120 dB 

NOTES: 5. Typical'Jalues 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. 

6. AtVCC± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
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operating characteristics 

PARAMETER TEST CONDITIONS 

Positive slew rate 
SR+ 

at unity gain 
RL = 10kil, 

eL = 100pF, 

Negative slew rate 
See Figure 1, 

SR- See Note 7 
at unity gain 

tr Rise time 
VIPP = ± 10 mY, 
RL = 10ka, 

tl Fall time eL = 100 pF, 
See Figures 1 and 2 

Overshoot lactor 

Equivalent TL032M 
I = 10 Hz 

Vn input 
RS = 1000, 1=1 kHz 
See Figure 3 I = 10 Hz 

noise voltage TL032AM 
I = 1 kHz 

In 
Equivalent input 

1= 1 kHz 
noise current 

Vi = 10mV, RL = 10ka, 
Bl Unity-gain bandwidth 

eL = 25 pF, See Figure 4 

Phase margin Vi = 10 mY, RL = 10 kil, 
~m at unity gain eL = 25 pF, See Figure 4 

TL032M, TL032AM 
ENHANCED JFET lOW-POWER lOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

TA 
VCC± = ±5V VCC± = ±15V 

UNIT 
MIN TYP MAX MIN TYP MAX 

25'e 2 2 2.9 

-55'e 1.4 1.2 1.9 V/IlS 
125'e 2.4 1.2 3.5 
25'e 3.9 3 5.1 

-55'e 3.2 2.5 4.6 V/IlS 
125'e 4.1 2.5 4.7 

25'e 138 132 

-55'e 142 123 ns 
125'e t66 158 

25'e 138 132 
-55'e 142 123 ns 
125'e 166 158 

25'e 11% 5% 
-55'e 16% 6% 
125'e 14% 8% 

25'e 
49 49 
41 41 

nV/-iHz 
49 49 

25'e 
41 41 

25'e 0.003 0.003 pAl-iHz 

25'e 1 1.1 

-55'C 1 1.1 MHz 
125'e 0.9 0.9 

25'e 61' 65' 
-55'e 57' 64' 
125'e 59' 62' 

II 
en .. 
CD 

!E 
Q. 
E 

<r: 
"i c o 
',j: 
CO .. 
CD 
Q. 
o 

NOTE 7: For Vee ± = ± 5 V, VIPP = ± 1 V; lor Vee ± = ± 15 V, VIPP = ± 5 V. 
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TL0321, TL032AI 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS TAt 

TL0321 
25'C 

Via Input offset voltage 
Full range 

TL032AI 
25'C 

Va = 0, 
Full range 

25'C to 
Temperature coefficient VIC = 0, TL0321 
of input offset voltage AS = 500 

85'C 
aVIO 

25'C to 
(see Note 8) TL032AI 

85'C 
Input offset voltage 

25'C 
long-term drift (see Note 5) 

110 Input offset current 
Va = 0, VIC = 0, 25'C 
See Figure 5 85'C 

liB Input bias current Va - 0, VIC - 0, 25'C 
See Figure 5 85'C 

25'C 

VICR 
Common-mode input 

voltage range 

Full range 

Maximum positive peak 
25'C 

VOM+ output voltage swing 
RL=10kO -40'C 

85'C 

Maximum negative peak 
25'C 

VOM- AL= 10kO -40'C 
output voltage swing 

85'C 

Large'signal differential AL = 10kO, 
25'C 

AVO voltage amplification See Note 6 
-40'C 

85'C 

ri Input resistance 25'C 

Ci Input capacitance 25'C 

Common-mode 
VIC = VICR min, 25'C 

CMAA 
rejection ratio 

Va = 0, -40'C 
AS = 500 85'C 

Supply-voltage VCC± = ±5Vto±15V, 25'C 

kSVA rejection ratio Va = 0, -40'C 

(dVCC +/ dVIO) AS = 500 85'C 

Total power dissipation No load, 
25'C 

Po -40'C 
(two amplifiers) Va = 0 

85'C 

Supply current No load, 
25'C 

ICC (two amplifiers) Va = 0 
-40'C 

85'C 
Vol/V02 Crosstalk attenuation AVO = 100 25'C 

t Full range is -40'C to 85'C. 

VCC± = ±5V VCC± = ±15 V 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.69 3.5 0.57 1.5 

5.3 3.3 
mV 

0.53 2.8 0.39 0.8 

4.6 2.6 

11.4 10.8 

/lV/'C 
11.4 10.8 25 

0.04 0.04 /lV/mo 

1 100 1 100 pA 

0.02 0.45 0.02 0.45 nA 
2 200 2 200 pA 

0.2 0.9 0.3 0.9 nA 

-1.5 -3.4 -11.5 -13.4 

to to to to 

4 5.4 14 15.4 
V 

-1.5 -11.5 

to to 

4 14 

3 4.3 13 14 

3 4.1 13 14 V 

3 4.4 13 14 

-3 -4.2 -12.5 -13.9 

-3 -4.1 -12.5 -13.8 V 

-3 -4.2 -12.5 -14 

4 12 5 14.3 

3 8.4 4 11.6 V/mV 

4 13.5 5 15.3 

1012 1012 a 
5 4 pF 

70 87 75 94 

70 87 75 94 dB 

70 87 75 94 

75 96 75 96 
75 96 75 96 dB 

75 96 75 96 

3.8 5 13 17 
2.9 5 10.9 17 mW 

3.7 5 12.4 17 

384 500 434 560 

288 500 362 560 /lA 
372 500 414 560 

120 120 dB 

NOTES: 5. 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. 

6. At VCC ± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
8. This parameter is tested on a sample basis for the TL032A. For other test requirements, please contact the factory. This statement 

has no bearing on testing or nontesting of other parameters. 
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Tl0321, Tl032AI 
ENHANCED JFET LOW-POWER LOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

operating characteristics 

PARAMETER TEST CONDITIONS TA 
VCC± = ± 5 v VCC± = ±15V 

UNIT 
MIN TYP MAX MIN TYP MAX 

Positive slew rate 
25°C 2 2 2.9 

SR + 
at unity gain 

RL=10kO, -40°C 1.6 1.5 2.1 VII's 
CL = 100 pF, 85°C 2.3 2 3.3 

Negative slew rate 
See Figure 1, 25°C 3.9 3.5 5.1 

SR- See Note 7 -40°C 3.3 3.2 4.8 VII's at unity gain 
85°C 4.1 3.2 4.9 

25°C 138 132 

tr Rise time -40°C 132 123 ns 
VIPP = ± 10 mY, 85°C 154 146 
RL = 10ka, 25°C 138 132 

tl Fall time CL = 100 pF, -40°C 132 123 ns 
See Figures 1 and 2 85°C 154 146 

25°C 11% 5% 
Overshoot lactor -40°C 12% 5% 

85°C 13% 7% 
Equivalent 

TL0321 
1= 10 Hz 

25°C 
49 49 

Vn 
input RS = 1000, 1=1 kHz 41 41 

nV/'I'Hz 
noise voltage 

TL032At 
See Figure 3 1= 10 Hz 

25°C 
49 49 

(see Note 9) 1=1 kHz 41 41 60 

In 
Equivalent input 

I = 1 kHz 25°C 0.003 0.003 pA/'I'Hz noise current 

Vi = 10 mY, RL = 10 kO, 
25°C 1 1.1 

Bl Unity-gain bandwidth 
CL = 25 pF, See Figure 4 -40°C 1 1.1 MHz 

85°C 0.9 1 

Phase margin Vi = 10 mY, RL = 10 ka, 25°C 61° 65° 

~m -40°C 60° 65° 
at unity gain CL = 25 pF, See Figure 4 

85°C 60° 64° 

NOTES: 7. ForVCC± = ±5V, VIPP = ±1 V; 10rVCC± = ±15V, VIPP = ±5V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the lactory. This statement has no bearing 

on testing or nontesting 01 other parameters. 
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TL032C, TL032AC 
ENHANCED JFET lOW-POWER lOW~OFFSET 
DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS TAt 

TL032C 
25°C 

VIO Input offset voltage 
Full range 

TL032AC 
25°C 

Vo = 0, 
Full range 

25°C to 
Temperature coefficient VIC = 0, TL032C 

70°C 
aVIO of input offset voltage RS = 50Q 

25°C to 
(see Note 8) TL032AC 

70°C 

Input offset voltage 
25°C 

long-term drift (see Note 5) 

110 Input offset current 
Vo = 0, VIC = 0, 25°C 

See Figure 5 70°C 

liB Input bias current 
Vo = 0, VIC = 0, 25°C 

See Figure 5 70°C 

25°C 

VICR 
Common-mode input 

voltage range 

Full range 

Maximum positive peak 
25°C 

VOM+ RL = 10 kQ O°C 
output voltage swing 

70°C 

Maximum negative peak 
25°C 

VOM- RL = 10 kQ O°C 
output voltage swing 

70°C 

Large-signal differential RL=10kQ, 
25°C 

AVO 
voltage amplification See Note 6 

O°C 

70°C 

ri Input resistance 25°C 

Ci Input capacitance 25°C 

Common-mode 
VIC = VICR min, 25°C 

CMRR 
rejection ratio 

Vo = 0, O°C 
RS = 50Q 70°C 

Supply-voltage VCC± = ±5Vto±15V, 25°C 

kSVR rejection ratio Vo = 0, O°C 

(aVCC ±/ aVIO) RS = 50Q 70°C 

Total power dissipation No load, 25°C 

Po 
(two amplifiers) Vo = a 

O°C 

70°C 

Supply current No load, 
25°C 

IcC O°C 
(two amplifiers) Vo = 0 

70°C 

VOIN 02 Crosstalk attenuation AVO = 100 25°C 

t Full range is O°C to 70°C. 

Vee ± = ±5 V Vce± = ± 15 V 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.69 3.5 0.57 1.5 

4.5 2.5 
mV 

0.53 2.8 0.39 0.8 

3.8 1.8 

11.5 10.8 

!lVrC 

11.5 10.8 25 

0.04 0.04 !lV/mo 

1 100 1 100 

9 200 12 200 
pA 

2 200 2 200 

50 400 80 400 
pA 

- 1.5 -3.4 -11.5 -13.4 

to to to to 

4 5.4 14 15.4 
V 

-1.5 -11.5 

to to 

4 14 

3 4.3 13 14 

3 4.2 13 14 V 

3 4.3 13 14 

-3 -4.2 -12.5 -13.9 

-3 -4.1 -12.5 -13.9 V 

-3 -4.2 -12.5 -14 

4 12 5 14.3 

3 11.1 4 13.5 V/mV 

4 13.3 5 15.2 

1012 1012 Q 

5 4 pF 

70 87 75 94 

70 87 75 94 dB 

70 87 75 94 

75 96 75 96 

75 96 75 96 dB 

75 96 75 96 

3.8 5 13 17 

3.7 5 12.7 17 mW 

3.8 5 12.6 17 

384 500 434 560 

368 500 422 560 JlA 
378 500 420 560 

120 120 dB 

NOTES: 5. 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. 

6. AtVCC± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
8. This parameter is tested on a sample basis for the TL082A. For other test requirements, please contact the factory. This statement 

has no bearing on testing or nontesting of other parameters. 
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operating characteristics 

PARAMETER TEST CONDITIONS 

Positive slew rate 
SR+ 

at unity gain 
RL = 10 ill, 
eL = 100 pF, 

Negative slew rate 
See Figure 1, 

SR- See Note 7 
at unity gain 

tr Rise time 

VIPP = ± 10 mV, 

RL = 10 kg, 

tf Fall time eL = 100 pF, 

See Figures 1 and 2 

Overshoot factor 

Equivalent 
TL032e 

f = 10 Hz 

Vn 
input RS = 100g, f = 1kHz 
noise voltage See Figure 3 f = 10 Hz 

(see Note 9) 
TL032Ae 

f = 1 kHz 

In 
Equivalent input 

f = 1 kHz 
noise current 

Vi = 10 mV, RL = 10 kg, 
B1 Unity-gain bandwidth 

eL = 25 pF, See Figure 4 

Phase margin Vi = 10mV, RL = 10 kg, 
,pm 

at unity gain eL = 25 pF, See Figure 4 

Tl032C, Tl032AC 
ENHANCED JFET lOW-POWER lOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

TA 
VCC± = ±5V VCC ± = ± 15 v 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°e 2 2 2.9 
ooe 1.8 1.5 2.6 V/JlS 

700 e 2.2 2 3.2 

25°e 3.9 3.5 5.1 
ooe 3.7 3.2 5.0 V/v.s 

700 e 4 3.2 5.0 

25°e 138 132 
ooe 134 127 ns 

700 e 150 142 

25°e 138 132 
ooe 134 127 ns 

700 e 150 142 

25°e 11% 5% 
ooe 10% 4% 

700 e 12% 6% 

25°e 
49 49 

41 41 
nV/,{Hz 

49 49 
25°e 

41 41 60 

25°e 0.003 0.003 pA/,{Hz 

25°e 1 1.1 
ooe 1 1.1 MHz 

700 e 1 1 

25°e 61° 65° 
ooe 61° 65° 

700 e 60° 64° 

NOTES: 7. For Vee ± = ± 5 V, VIPP = ± 1 V; for Vee ± = ± 15 V, VIPP = ± 5 V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 

on testing or nontesting of other parameters. 

PARAMETER MEASUREMENT INFORMATION 

>-....... ---Vo 

NOTE A: eL includes fixture capacitance. 

FIGURE 1. SLEW RATE, RISE/FALL TIME, 
AND OVERSHOOT TEST CIRCUIT 
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I 
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I 
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......., Ir - RISE TIME 

FIGURE 2. RISE TIME AND OVERSHOOT 
WAVEFORM 

II 

"i c o 
".j: 
fa ... 
CD 
Q. 

o 

TEXAS ..If 
INSTRUMENTS 2-227 

POST OFFICE BOX 655012· DALLAS, TEXAS 75265 



TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLlFI'ERS 

PARAMETER MEASUREMENT INFORMATION 

>-+-..--vo 

Vo 

vcc-
RS RS 

NOTE A: CL includes fixture capacitance. 

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT FIGURE 4. UNITY·GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 

FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 

typical values 

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

input bias and offset current 

At the picoamp bias current level typical of the TL032 and TL032A, 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. 

noise 

2-228 

Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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Tl032, Tl032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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ENHANCED JFET LOW-POWER LOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL032, TL032A 
ENHANCED JFET LOW~POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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ENHANCED JFET LOW-POWER LOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL APPLICATION DATA 

input characteristics 

The TL032 and TL032A 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 TL032 and 
TL032A 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 a good practice to include guard rings around inputs (see Figure 48). 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. 

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER 

FIGURE 48. USE OF GUARD RINGS 

(e) UNITY-GAIN AMPLIFIER 
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output characteristics 

TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

All operating characteristics (except bandwidth and phase margin) are specified with 100 pF load capacitance. 
The TL032 and TL032A will drive higher capacitive loads; however, as the load capacitance increases, the 
resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation. The 
value of the load capacitance at which oscillation occurs varies with production lots. If an application appears 
to be sensitive to oscillation due to load capacitance, adding a small resistance in series with the load should 
alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if enough resistance is added 
in series with the output (see Figure 49). 

(a) CL = 100 pF, R = 0 (b) CL = 300 pF, R = 0 (e) CL = 350 pF, R = 0 

(d) CL = 1000 pF, R = 0 (e) CL = 1000 pF, R = 50 II (I) CL = 1000 pF, R = 2 kll 

FIGURE 49. EFFECT OF CAPACITIVE LOADS 

+5V n 
-5V~ L 

NOTE A: CL includes fixture capacitance. 

10 kll 

FIGURE 50. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

hlgh-Q notch filter 

2-242 

In general, Texas Instruments enhanced JFET operational amplifiers serve as excellent filters. This circuit 
provides a narrow notch at a specific frequency. Notch filters are designed to eliminate frequencies that are 
interfering with the operation of an application. For this filter, the center frequency can be calculated as: 

1 
fa = 27tR1 C1 

With the resistors and capacitors shown below, the center frequency is 1 kHz. Note that C1 = C3 = C2 + 2 
and also that R1 = R3 = 2 x R2. The center frequency can be modified by varying these values. When 
adjusting the center frequency, be sure that the operational amplifier still has sufficient gain at the frequency 
of interest. 

Rl R3 VOUT 
VIN 

1.5Mg 1.5Mg 

-15V 
C2 220pF 

R2 750 kg 

Cl C3 

110 pF 110pF 

2 

0 ~ 
../ \ 
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I -3 c 

iii 
CI -4 

/ 
I 
I 

-5 

-6 

-7 

-8 
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 2 

, - Frequency - kHz 

FIGURE 51. HIGH-Q NOTCH FILTER 
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TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

2-wire 4- to 20-mA current IdOP 

Often information from an analog sensor must be sent over a distance to the receiving circuitry. For many 
applications, the most feasible method involves converting voltage information to a current before 
transmission. The following circuit benefits from the high input impedance of the TL032A since many 
inexpensive sensors do not have low output impedance. 

Assuming that the voltage at the TL032A's non-inverting input is zero, the following equation determines the 
output current: 

10 = VIN(~) + 5 V(~) = 0.16 x VIN + 4 rnA 
R1 x RS R2x RS 

The current presently provides 4 to 20 rnA output for an input voltage of 0 to 100 mY. By modifying R1, R2, 
and R3, the input voltage range or the output current range can be adjusted. 

Including the offset voltage of the operational amplifier in the above equation clearly illustrates why the low 
offset TL032A was chosen: 

10 = VIN(~)+5V(~)-VI0(~+~+R1) = 0.16xVIN+4mA-0.17xVI0 
R1 x RS R2 x RS R1 x RS R2 x RS RS 

For example, an offset voltage of 1 mV decreases the output current by 0.17 rnA. 

Thanks to the low-power consumption of the TL032A, this circuit has at least 2 rnA available to drive the actual 
sensor from the 5-V reference node. 

.-------------------------------.-~~ VCC+=10V 

LT1019-S 

+SVR~------~-+~~--~~-----------. 

R2 1 MO lOI'F 

R1 
VIN --~S""ky...O--t-.-....... -+-l 

R4 SkU 

R3 80 kU 

RS 
2N3904 

3.3kU 

1N4148 

cg~:~~------~-+----~------~~------------~~104R:~O-.~,~~IO 
RL1500 

FIGURE 52. 2-WIRE 4- TO 20-mA CURRENT LOOP 
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TL032, TL032A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

low-level light detector preamplifier 

Applications that need to detect small currents require high input impedance operational amplifiers; otherwise, 
the bias currents of the operational amplifier camouflage the current being monitored. Phototransistors 
provide a current that is proportional to the light reaching the transistor. The TL032 allows even the small 
currents resulting from low-level light to be detected. 

In this circuit, if there is no light, the phototransistor is off and the output is high. As light is detected, the 
operational amplifier output begins pulling low. Adjusting R41 both compensates for offset voltage of the 
amplifier and adjusts the point of light detection by the amplifier. 

+ 15V 

R6 

10 ItO 
R1 

R3 10 ItO C1 
10 ItO 100pF Vo 

R4 R7 

TIL601 10 ItO 10 ItO 

~ 
R5 10kO 

R2 5 ItO 

-15V 

FIGURE 53. LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER 
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• Maximum Offset Voltage •.. 1.5 mV 

• High Slew Rate ••. 2.9 V/IlS Typ 

• Low Input Bias Current ..• 2 pA Typ 

• Very Low Power Consumption ••. 26 mW Typ 

• Output Short·Circuit Protection 

• Monolithic Construction 

description 

TA 

O'C 
to 

70'C 

The TL034 and TL034A quadruple operational 
amplifiers incorporate well-matChed, high-voltage 
JFET and bipolar transistors in a monolithic 
integrated circuit. These devices offer the 
significant advantages of Texas Instruments new 
enhanced JFET process. This process affords 
not only low initial offset voltage due to the on­
chip zener trim capability but also stable offset 
voltage over time and temperature. In 
comparison, traditional JFET processes are 
plagued by significant offset voltage drift. 

This new enhanced process still maintains the 
traditional JFET advantages of fast slew rates 
and low input bias and offset currents. These 
advantages, coupled with low power consump­
tion, make the TL034 well-suited for new state­
of-the-art designs as well as existing design 
upgrades. The TL034 has been designed to be 
functionally compatible and pin compatible with 
the TL064. 

Two offset voltage grades are available: 
TL034 (4 mV max) and TL034A (1.5 mV max). 

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

AVAILABLE OPTIONS 

PACKAGE 
VIOmax SMALL· CHIP CERAMIC PLASTIC 
AT 2S'C OUTLINE CARRIER DIP DIP 

(DI (FKI (J) (N) 

I.SmV TL034ACD - TL034ACJ TL034ACN 
4mV TL034CD - TL034CJ TL034CN 

-40'C I.SmV TL034AID - TL034AIJ TL034AIN 
to 

85'C 4mV TL0341D - TL0341J TL0341N 
-55'C 1.5 mV TL034AMD TL034AMFK TL034AMJ TL034AMN 

to 
125'C 4mV TL034MD TL034MFK TL034MJ TL034MN 

D packages are available taped-and-reeled. Add "R" suffix to device 
type (e.g., TL034CDR). 

Tl034, Tl034A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

QUAD OPERATIONAL AMPLIFIERS 

l1N+ 
NC 

VCC+ 
NC 

21N + 

03153, JULY 1988 - REVISED JANUARY 1989 

D, J, or N PACKAGE 
(TOP VIEW) 

40UT 
41N-
41N + 

VCC + 4 VCC-
21N+ 5 10 31N+ 
21N - 6 9 31N-
20UT 7 8 30UT 

""l.... __ ' 

FK PACKAGE 
(TOP VIEW) 

I~ ~ I 
~000~ 
T'"",...Z"':t''o:;t' 

3 2 1 2019 

4 18 

5 17 

6 16 

7 15 

8 14 

9 1011 1213 

11-01- I 
z:Jz:Jz 
-0 0-
NN MM 

41N + 
NC 

VCC-
NC 
31N + 

NC - No internal connection 

DISTRIBUTION OF TL034A 
INPUT OFFSET VOLTAGE 

12,---,----;---;----;---,---, 

;P. 
I 9 

~ 
I '0 61---+_-

f ' 
-1.2 -0.6 0 0.6 1.2 1.8 

VIO -Input Offset Voltage - mV 

Copyright © 1988, Texas Instruments Incorporated 
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TL034, TL034A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 

description (continued) 

The M-suffix devices are characterized for operation over the full military temperature range of - 55°e to 
125°e. The I-suffix devices are characterized for operation from - 400 e to 85°C. The e-suffix devices are 
characterized for operation from ooe to 70oe. 

equivalent schematic (each amplifier) 

Q2~----+-+-------~----------4-~-----. 
01 

Q3~----+---------~----------4--------4 

IN + ---+----. 
IN_~.r-~......., 

R1 

symbol (each amplifier) 

IN-=$-IN+ + 

~~-------r--------r-vo 
+------t"-[Q17 

Vcc-

OUT 
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TL034, TL034A 
ENHANCED JFET LOW-POWER LOW-OFFSET 

QUAD OPERATIONAL AMPLIFIERS 

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

Supply voltage, Vee + (see Note 1) ........................ ' ............................. 18 V 
Supply voltage, Vee _ (see Note 1) .................................................... -18 V 
Differential input voltage (see Note 2) ................................................... ± 30 V 
Input voltage range, VI (any input, see Notes 1 and 3) ...................................... ± 15 V . 
Input current, II (each input) .......................................................... ± 1 mA 
Output current, 10 (each output) ..................................................... ± 40 mA 
Total current into Vee + terminal ..................................................... 160 mA 
Total current out of Vee _ terminal ................................................... 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ............................ Unlimited fI 
eontin~ous total.dissipation ..... : ..... : ............................ See Dissipation ~ating T~le 
Operating free-air temperature, T A. M-sufflx .................................... - 55 e to 125 e 

I-suffix ..................................... - 40°C to 85°C 
e-suffix ........................................ ooe to 700e f 

Storage temperature range ................................................... - 65°C to 150°C .! 
Case temperature for 60 second~: FK package ........................................... 260°C ;; 
Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds: D or N package ................. 260°C Q. 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C E 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
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 either supply. Temperature and/or supply voltages must be limited to ensure that the 

maximum dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 

TA,,25"C DERATING FACTOR TA = 70"C TA = 85"C TA = 125"C 
PACKAGE 

POWER RATING ABOVE TA = 25"C POWER RATING POWER RATING POWER RATING 

D 950mW 7.6 mW/"C 608mW 494mW 190mW 

FK 1375 mW 11.0 mW/"C 880mW 715mW 275mW 

1375 mW 11.0 mwrc 880mW 715mW 275mW 

N 1150mW 9.2 mW/"C 736mW 598mW 230mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC ±5 ±15 ±5 ±15 ±5 ±15 

I VCC+ = ±5V -1.5 4 -1.5 4 -1.5 4 
Common-mode input voltage, VIC I VCC+=±15V -11.5 14 -11.5 14 -11.5 14 

Operating free-air temperature, T A -55 125 -40 85 0 70 

TEXAS .., 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 
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TL034M, TL034AM 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL034M 

VIO Inpul offsel voltage 

TL034AM 
Vo = 0, 

Temperature coefficient 
VIC = 0, TL034M 

"'VIO of input offset voltage 
RS = 500 

TL034AM 

Input offset voltage 

long-term drift (see Note 5) 

110 Input offset current 
Vo = 0, VIC = 0, 
See Figure 5 

liB Input bias current 
Vo - 0, VIC - 0, 
See Figure 5 

VICR 
Common-mode input 

voltage range 

Maximum positive peak 
VOM+ RL=10kO 

output voltage swing 

Maximum negative peak 
VOM- RL = 10kO 

output voltage swing 

Large-signal differential RL = 10 kO, 
AVO 

voltage amplification See Note 6 

r; Input resistance 

Ci Input capacitance 

Common·mode 
VIC = VICR min, 

CMRR Vo = 0, 
rejection ratio 

RS= 500 

Supply-voltage VCC± = ±5Vto±15V, 

kSVR rejection ratio Vo = 0, 

(~VCC ± / ~VIO) RS = 500 

Total power dissipation No load, 
Po 

(four amplifiers) Vo = a 

Supply current No load, 
ICC 

(four amplHiers) Vo = a 

VolIV02 Crosstalk attenuation AVO = 100 

t Full range is - 55'C to 125'C. 

TAt 

25'C 

Full range 

25'C 

Full range 

25'C to 

125'C 

25'Cto 

125'C 

25'C 

25'C 

125'C 

25'C 

125'C 

25'C 

Full range 

25'C 

-55'C 

125'C 

25'C 

-55'C 

125'C 

25'C 

-55'C 

125'C 

25'C 

25'C 

25'C 

-55'C 

125'C 

25'C 
-55'C 

125'C 

25'C 

-55'C 

125'C 

25'C 

-55'C 

125'C 

25'C 

VCC± = ± 5 v VCC ± = ± 15 v 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.91 6 0.78 4 

11 9 
mV 

0.7 3.5 0.58 1.5 

8.5 6.5 

10.6 10.9 

/lV/'C 
10.6 10.9 

0.04 0.04 /lV/mo 

1 100 1 100 pA 

0.2 10 0.2 10 nA 

2 200 2 200 pA 
7 20 8 20 nA 

-1.5 -3.4 -11.5 -13.4 

to to to to 

4 5.4 14 15.4 
-1.5 -11.5 

V 

to to 

4 14 

3 4.3 13 14 

3 4.1 13 14 V 

3 4.4 13 14 

-3 -4.2 -12.5 -13.9 

-3 -4 -12.5 -13.8 V 

-3 -4.3 -12.5 -14 

4 12 5 14.3 

3 7.1 4 10.4 V/mV 

3 12.9 4 15 
10'2 10'2 n 

5 4 pF 

70 87 75 94 

70 87 70 94 dB 

70 87 70 94 

75 96 75 96 

75 95 75 95 dB 

75 96 75 96 

7.7 10 26 34 

4.6 10 18.7 34 mW 
7.1 10 23.6 34 

0.77 1 0.87 1.12 

0.46 1 0.62 1.12 rnA 
0.71 1 0.79 1.12 

120 120 dB 

NOTES: 5. 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. 

6. AtVCC± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
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operating characteristics 

PARAMETER TEST CONDITIONS 

Positive slew rate 
SR+ 

at unity gain 
RL = 10 kfI, 

eL = 100 pF, 

Negative slew rate 
See Figure 1, 

SR- See Note 7 
at unity gain 

tr Rise time 
VIPP = ± 10 mY, 

RL = 10 kn, 

tl Fail time eL = 100 pF, 
See Figures 1 and 2 

Overshoot lactor 

Equivalent TL034M 
1= 10 Hz 

Vn input 
RS = lOOn, 1=1 kHz 

noise voltage TL034AM 
See Figure 3 I = 10 Hz 

1=1 kHz 

In 
Equivalent input 

I = 1 kHz 
noise current 

Vi = 10 mY, RL = 10 kfI, 
Bl Unity-gain bandwidth 

eL = 25 pF, See Figure 4 

Phase margin Vi = 10mV, RL = 10kn, 
~m at unity gain eL = 25 pF, See Figure 4 

TL034M, TL034AM 
ENHANCED JFET LOW-POWER LOW-OFFSET 

QUAD OPERATIONAL AMPLIFIERS 

TA 
Vee ± = ±S V Vcc± = ±1SV 

UNIT 
MIN TYP MAX MIN TYP MAX 

25'e 2 2 2.9 

-55'e 1.4 1.2 1.9 V/~s 

125'e 2.4 1.2 3.5 

25'e 3.9 3 5.1 
-55'e 3.2 2.5 4.6 V/~s 

125'e 4.1 2.5 4.7 

25'e 138 132 

-55'e 142 123 ns 
125'e 166 158 

25'e 138 132 
-55'e 142 123 ns 
125'e 166 158 

25'e 11% 5% 

-55'e 16% 6% 
125'e 14% 8% 

25'e 
83 83 
43 43 

nV/v'Hz 
25'e 

83 83 

43 43 

25'e 0.003 0.003 pAlv'Hz 

25'e 1 1.1 
-55'e 1 1.1 MHz 
125'e 0.9 0.9 

25'e 61° 65' 

-55'e 57' 64' 
125'e 59' 62' 

II 
II) .. 
CI) 

!E 
C. 
E « 
ca 
r: 
o 

".j:i 
CO .. 
CI) 
c. o 

NOTE 7: For Vee ± = ± 5 V, VIPP = ± 1 V; lor Vee ± = ± 15 V, VIPP = ± 5 V. 
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Tl0341, Tl034AI 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS TAt 

TL0341 
25°C 

Via Input offset voltage 
Full range 

25°C 
TL034AI 

Full range 
Va = 0, 

25°C to 
Temperature coefficient VIC = 0, TL0341 

85°C 
aVIO of input offset voltage RS = 500 

25°C to 
(see Note 8) TL034AI 

85°C 
Input offset voltage 

25°C 
long-term drift (see Note 5) 

110 Input offset current 
Va = 0, VIC = 0, 25°C 

See Figure 5 85°C 

lIB Input bias current 
Va = 0, VIC = 0, 25°C 

See Figure 5 85°C 

25°C 

VICR 
Common-mode input 

voltage range 

Full range 

Maximum positive peak 
25°C 

VOM+ RL = 10kQ -40°C 
output voltage swing 

85°C 

Maximum negative peak 
25°C 

VOM- RL=10kg -40°C 
output voltage swing 

85°C 

Large-signal differential RL=10kQ, 
25°C 

AVO 
voltage amplification See Note 6 

-40°C 

85°C 

ri Input resistance 25°C 

Ci Input capacitance 25°C 

Common-mode 
VIC = VICR min, 25°C 

CMRR Va = 0, -40°C 
rejection ratio 

RS=50g 85°C 
Supply-voltage VCC± = ±5Vto±15V, 25°C 

kSVR rejection ratio Va = 0, -40°C 

(&VCC ±I &VIO) RS = 50g 85°C 

Total power dissipation No load, 
25°C 

Po -40°C 
(four amplifiers) Va = a 

85°C 

Supply current No load, 
25°C 

ICC -40°C 
(four amplifiers) Va = a 

85°C 

V01iV02 Crosstalk attenuation AVO = 100 25°C 

t Full range is - 40°C to 85°C. 

VCC± = ±5V VCC± = ± 15V 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.91 6 0.79 4 

9.3 7.3 
mV 

0.7 3.5 0.58 1.5 

6.8 4.8 

11.5 11.6 

I1V/oC 

11.5 11.6 25 

0.04 0.04 I1V/mO 

1 100 1 100 pA 

0.02 0.45 0.02 0.45 nA 

2 200 2 200 pA 

0.2 0.9 0.3 0.9 nA 

-1.5 -3.4 -11.5 -13.4 

to to to to 

4 5.4 14 15.4 

-1.5 -11.5 
V 

to to 

4 14 

3 4.3 13 14 

3 4.1 13 14 V 

3 4.4 13 14 

-3 -4.2 -12.5 -13.9 

-3 -4.1 -12.5 -13.8 V 

-3 -4.2 -12.5 -14 

4 12 5 14.3 

3 8.4 4 11.6 V/mV 

4 13.5 5 15.3 

1012 1012 0 

5 4 ·pF 

70 87 75 94 

70 87 75 94 dB 

70 87 75 94 

75 96 75 96 

75 96 75 96 dB 

75 96 75 96 

7.7 10 26 34 

5.8 10 21.7 34 mW 

7.4 10 24.8 34 

0.77 1 0.87 1.12 

0.58 1 0.72 1.12 rnA 

0.74 1 0.83 1.12 

120 120 dB 

NOTES: 5. 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. 

6. At VCC ± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
8. This parameter is tested on a sample basis for the TL034A. For other test requirements, please contactthe factory. This statement 

has no bearing on testing or nontesting of other parameters. 
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TL0341, TL034AI 
ENHANCED JFET LOW-POWER LOW-OFFSET 

QUAD OPERATIONAL AMPLIFIERS 

operating characteristics 

PARAMETER TEST CONDITIONS TA 
VCC± = ± 5 V VCC± = ± 15 v 

UNIT 
MIN TYP MAX MIN TYP MAX 

Positive slew rate 
25°e 2 2 2.9 

SR + 
at unity gain 

RL = 10kn. -400 e 1.6 1.5 2.1 V/IlS 

eL = 100 pF. 85°e 2.3 2 3.3 

Negative slew rate 
See Figure 1. 25°e 3.9 3.5 5.1 

SR- See Note 7 -400 e 3.3 3.2 4.8 V/!J,S 
at unity gain 

85°e 4.1 3.2 4.9 

25°e 138 132 

tr Rise time -400 e 132 123 ns 
VIPP = ± 10 mY. 85°e 154 146 
RL = 10 kn. 25°e 138 132 

tl Fall time eL = 100 pF. -400 e 132 123 ns 
See Figures 1 and 2 85°e 154 146 

25°e 11% 5% 
Overshoot lactor -400 e 12% 5% 

85°e 13% 7% 
Equivalent 

TL0341 
1= 10 Hz 

25°e 
83 83 

input RS = 1000. 1=1 kHz 43 43 
Vn 

noise voltage See Figure 3 1= 10 Hz 83 83 
nV/'i'Hz 

(see Note 9) 
TL034AI 

1=1 kHz 
25°e 

43 43 60 

In 
Equivalent input 

1= 1 kHz 25°e 0.003 0.003 pA/'i'Hz 
noise current 

Vi = 10mV. RL = 10kO. 25°e 1 1.1 
81 Unity-gain bandwidth -400 e 1 1.1 MHz eL = 25 pF. See Figure 4 

85°e 0.9 1 

Phase margin Vi = 10mV. RL = 10kn. 
25°e 61° 65° 

¢1m -400 e 60° 65° 
at unity gain eL = 25 pF. See Figure 4 

85°e 60° 64° 

NOTES: 7. For Vee ± = ± 5 V. VIPP = ± 1 V; lor Vee ± = ± 15 V. VIPP = ± 5 V. 
9. This parameter is tested on a sample basis. For other test requirements. please contact the lactory. This statement has no bearing 

on testing or nontesting 01 other parameters. 

U) .. 
CD 
:e 
Q. 
E 

c:( 

ca 
c 
o 

'';::; 

~ 
CD c.. o 

TEXAS .., 
INSTRUMENTS 

2-251 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



o 
"C 
CD .. 
CI) .... S· 
::::s 
~ 

TL034C, TL034AC 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS TAt 

TL034C 
25°C 

Via Input offset voltage 
Full range 

25°C 
TL034AC 

Full range 
Va = 0, 

25'C to 
Temperature coefficient VIC = 0, TL034C 

70°C 
"via of input offset voltage RS = 500 

25'Cto 
(see Note 8) TL034AC 

70°C 
Input offset voltage 

25'C 
long-term drift (see Note 5) 

110 Input offset current 
Vo = 0, VIC = 0, 25'C 
See Figure 5 70'C 

liB Input bias current 
Va = 0, VIC = 0, 25'C 
See Figure 5 70'C 

25'C 

VICR 
Common-mode input 

voltage range 

Full range 

Maximum positive peak 
25'C 

VOM+ RL=10kO O'C 
output voltage swing 

70'C 

Maximum negative peak 
25°C 

VOM- RL = 10kO O'C 
output voltage swing 

70°C 

Large-signal differential RL = 10kO, 
25°C 

AVO voltage amplification See Note 6 
O°C 

70'C 

q Input resistance 25'C 

Ci Input capacitance 25'C 

Common-mode 
VIC = VICR min, 25'C 

CMRR 
rejection ratio 

Va = 0, O'C 
RS = 500 70'C 

Supply-voltage VCC± - ±5Vto±15V, 25'C 

kSVR rejection ratio Va = 0, O'C 

(~VCC±/~VIO) RS = 500 70°C 

Total power dissipation No load, 
25°C 

Po O°C 
(four amplifiers) Va = 0 

70'C 

Supply current No load, 
25'C 

ICC O'C 
(four amplifiers) Va = 0 

70'C 

Val IV 02 Crosstalk attenuation AVO - 100 25°C 

t Full range is O°C to 70'C. 

VCC± = ±5V VCC± = ± 15 v 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.91 6 0.79 4 

8.2 6.2 
mV 

0.7 3.5 0.58 1.5 

5.7 3.7 

11.6 12 
flV/oC 

11.6 12 25 

0.04 0.04 flV/mo 

1 100 1 100 
pA 

9 200 12 200 

2 200 2 200 
pA 

50 400 80 400 

-1.5 -3.4 -11.5 -13.4 

to to to to 

4 5.4 14 15.4 

-1.5 -11.5 
V 

to to 
4 14 

3 4.3 13 14 

3 4.2 13 14 V 
3 4.3 13 14 

-3 -4.2 -12.5 -13.9 

-3 -4.1 -12.5 -13.9 V 
-3 -4.2 -12.5 -14 

4 12 5 14.3 

3 11.1 4 13.5 V/mV 
4 13.3 5 15.2 

10'2 10'2 0 

5 4 pF 

70 87 75 94 

70 87 75 94 dB 

70 87 75 94 

75 96 75 96 

75 96 75 96 dB 

75 96 75 96 

7.7 10 26 34 

7.4 10 25.3 34 mW 

7.6 10 25.2 34 

0.77 1 0.87 1.12 

0.74 1 0.85 1.12 mA 

0.76 1 0.84 1.12 

120 120 dB 

NOTES: 5. 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. 

6. At VCC ± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
8. This parameter is tested on a sample basis for the TL034A. For other test requirements, please contact the factory. This statement 

has no bearing on testing or nontesting of other psrameters . 
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operating characteristics 

PARAMETER TEST CONDITIONS 

Positive slew rate 
SA+ 

at unity gain 
AL=10kO, 

CL = 100 pF, 

Negative slew rate 
See Figure 1, 

SA- See Note 7 
at unity gain 

tr Aisetime 

VIPP = ± 10 mY, 

AL = 10kO, 

tl Fall time CL = 100 pF, 
See Figures 1 and 2 

Overshoot lactor 

Equivalent 
TL034C 

1= 10 Hz 

Vn 
input AS = 1000, 1=1 kHz 
noise voltage See Figure 3 1= 10 Hz 
(see Note 9) 

TL034AC 
1=1 kHz 

In 
Equivalent input 

1= 1 kHz 
noise current 

Vi = 10 mY, AL = 10 kO, 
B1 Unity-gain bandwidth 

CL = 25 pF, See Figure 4 

Phase margin Vi = 10 mY, AL = 10 kO, 
iflm at unity gain CL = 25 pF, See Figure 4 

Tl034C, Tl034AC 
ENHANCED JFET LOW-POWER LOW-OFFSET 

QUAD OPERATIONAL AMPLIFIERS 

TA 
Vee ± = ±5 V Vce ± = ± 15 v 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 2 2 2.9 

O°C 1.8 1.5 2.6 V/J.ls 
70°C 2.2 2 3.2 

25°C 3.9 3.5 5.1 

O°C 3.7 3.2 5.0 V/J.ls 
70°C 4 3.2 5.0 

25°C 138 132 

O°C 134 127 ns 
70°C 150 142 

25°C 138 132 

O°C 134 127 ns 
70°C 150 142 

25°C 11% 5% 

O°C 10% 4% 

70°C 12% 6% 

25°C 
83 83 

43 43 
nV/~ 

83 83 
25°C 

43 43 60 

25°C 0.003 0.003 pA/~ 

25°C 1 1.1 
COC 1 1.1 MHz 

70°C 1 1 

25°C 61° 65° 

O°C 61° 65° 

70°C 60° 64° 

NOTES: 7. ForVCC± = ±5V, VIPP = ±1 V; 10rVCC± = ±15V, VIPP = ±5V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the lactory. This statement has no bearing 

on testing or nontesting 01 other parameters. 

PARAMETER MEASUREMENT INFORMATION 

NOTE A: CL includes fixture capacitance. 

FIGURE 1. SLEW RATE, RISE/FALL TIME, 
AND OVERSHOOT TEST CIRCUIT 
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TL034, TL034A 
ENHANCED JFET lOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 

RS 

PARAMETER MEASUREMENT INFORMATION 

Vee­
RS 

Vo 

>----Vo 

NOTE A: CL includes fixture capacitance. 

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT FIGURE 4. UNITY-GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 

typical values 

GROUND SHIELD vee + 

FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 

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

input bias and offset current 

At the picoamp bias current level typical of the TL034 and TL034A, 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. 

noise 

Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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Vi = 10mV 

RL = 10 kQ 
CL = 25 pF 
TA = 25°C 
See Figure 4 
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FIGURE 42 
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FREE-AIR TEMPERATURE 
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VCC±=±5V 
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I Vi = 10mV 

RL = 10 kQ 
CL = 25 pF 
See Figure 4 
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PHASE MARGIN 
vs 

LOAD CAPACITANCE 

Vi = 10mV 
RL = 10kQ -

TA = 25°C _ 
............ 

" 
See Figure 4 

............ I-.... VCC± = ±15V 

.................... i'-
See Nole 10 
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VCC± = ±5V r-........I-.... 
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CL - Load Capacitance - pF 

FIGURE 43 

VOLTAGE-FOLLOWER 
SMALL-SIGNAL 

PULSE RESPONSE 

VCC± = ±15V 
RL = 10 kQ 

~ CL = 100 pF 
~ TA = 25°C 

See Figure 1 
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FIGURE 45 
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NOTE 10: Values of phase margin below a load capacitance of 25 pF were estimated. 
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TL034, TL034A 
ENHANCED JFET lOW-POWER lOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL 

PULSE RESPONSE 
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VCC±=±5V 

I 
RL = 10 kQ 

CL = 100 pF 

I TA = 25°C 
See Figure 1 
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1/ VCC± = ±15V \ 

RL = 10 kQ 

CL=100pF 

TA = 25°C 
See Figure 1 1\ 
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FIGURE 46 
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I-Time-l1s 

FIGURE 47 

TYPICAL APPLICATION DATA 

input characteristics 

The TL034 and TL034A 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 TL034 and 
TL034A 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 a good practice to include guard rings around inputs (see Figure 48). 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 bEl'tied to ground to avoid possible oscillation. 

(a) NONINVERTING AMPLIFIER 

VI-'WV-_+H 

(b) INVERTING AMPLIFIER 

FIGURE 48. USE OF GUARD RINGS 

(e) UNITY-GAIN AMPLIFIER 
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output characteristics 

TL034, TL034A 
ENHANCED JFET lOW-POWER lOW-OFFSET 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

All operating characteristics (except bandwidth and phase margin) are specified with 100 pF load capacitance. 
The TL034 and TL034A will drive higher capacitive loads; however, as the load capacitance increases, the 
resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation. The 
value of the load capacitance at which oscillation occurs varies with production lots. If an application appears 
to be sensitive to oscillation due to load capacitance, adding a small resistance in series with the load should 
alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if enough resistance is added 
in series with the output (see Figure 49). 

(a) CL = 100 pF, R = 0 (b) CL = 300 pF, R = 0 (c) CL = 350 pF, R = 0 

(d) CL = 1000 pF, R = 0 (e) CL = 1000 pF, R = 500 (f) CL = 1000 pF, R = 2 k!l 

FIGURE 49. EFFECT OF CAPACITIVE LOADS 

+5V II 
-5V -.J L 

>-_~Wv----1>---. Vo 

10kO 

NOTE A: CL includes fixture capacitance. 

FIGURE 50. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TL034, TL034A 
ENHANCED JFET LOW-POWER LOW-OFFSET 
QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

audio distribution amplifier 

This audio distribution amplifier feeds the input signal to three separate output channels. U1A amplifies the 
input signal with a gain of 10 while U1B, U1C, and U1D serve as buffers to the output channels. The gain 
response of this circuit is very flat from 20 Hz to 20 kHz. The TL034 allows quick response to the input signal 
while maintaining low power consumption. 

R4 

1 MG 

C1 
VI~r--+----~--, 

11lF 

100 kO R1 R2 100 kG 

R5 
100kO vcc+ 

100llF I C2 R3 100 kO 

NOTE: U1AlhroughU1D = TL034;VCC+ = 5V. 

instrumentation amplifier with linear gain adjust 

VOC 

The TL034 low-offset voltage and low-power consumption provides an accurate but inexpensive 
instrumentation amplifier. This particular configuration offers the advantage that the gain can be linearly set 
by orie resistor: 

R6 
Vb = RS x (VB-VA) 

Adjusting R6 varies the gain. The value of R6 should always be greater or equal to the value of RS in order 
to ensure stability. The disadvantage of this instrumentation amplifier topology is the high degree of CMRR 
degradation resulting from mismatches between R1, R2, R3, and R4. For this reason, these four resistors 
should be 0.1% tolerance resistors. 

R1 R3 

VA 10kO 10kO 
0.1% 0.1% 

Vo 

R2 R4 

VB 10kO 10kG 
0.1% 0.1% 

NOTE: U1A through U1D = TL034; VCC ± = ± 15 V. 
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• Yery Low Power Consumption 

• Typicel Power Dissipation with ± 2-Y 
Supplies ... 340 /loW 

• Low Input Bias end Offset Currents 

• Output Short-Circuit Protection 

• Low Input Offset Yoltage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• Power Applied in Pairs 

TL044M IS NOT RECOMMENDED FOR 
NEW DESIGNS. 

description 

The TL044 is a quad low-power operational 
amplifier designed to replace higher-power 
devices in many applications without sacrificing 
system performance. High input impedance, low 
supply currents, and low equivalent input noise 
voltage over a wide range of operating supply 
voltages result in an extremely versatile 
operational amplifier for use in a variety of analog 
applications including battery-operated circuits. 
Internal frequency compensation, absence of 
latch-up, high slew rate, and output short-circuit 
protection assure ease of use. Power may be 
applied separately to Section A (amplifiers 1 
and 4) or Section B (amplifiers 2 and 3) while the 
other pair remains unpowered. 

The TL044M is characterized for operation over 
the full military temperature range of - 55°C 
to 125°C; the TL044C is characterized for 
operation from OOC to 70°C. 

symbol (each amplifier) 

NONINVERTING=t>-
INPUT IN+ + 

INVERTING _ 
INPUT IN-

PRODUCTION DATA documanl. conl.in inlann.tion 
curranl IS 0' p.~li"'ion dll •. ProdlC1S conlarm 10 

OUTPUT 

. TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

01662. SEPTEMBER 1973-REVISEO JUNE 1988 

TL044M ... J OR w DUAL-iN-LINE PACKAGE 
TL044C ... J OR N PACKAGE 

(TOPViEWI 

AMPL{OUT #1, #4 VCC+ 

# 1 IN - OUT} AMPL 
IN+ IN- #4 

#1, #4 Vcc- IN+ 

AMPL{IN+ #2, #3 Vcc-

#2 OUT IN-
IN- IN+} AMPL 

#2, #3 Vcc+ -,..;._--"-r- OUT #3 

Pins 4 and 12 are internally connected together in the 
N package only. 

#1IN+ 
#1, #4 VCC-

TL044M ... FK PACKAGE 

ITOP VIEWI 

3 2 1 2019 

4 18 

5 17 

#4IN-
#4IN+ 

NC 6 16 NC 
#2IN+. 7 15 #2, #3VCC-
#2IN- 8 14 #3IN+ 

9 1011 1213 

f-+Uf-I 
5 ~z 5 ~ 
N> MM 
::tI::('I') ::tI::::tt: .. 

..; .. 
NC - No internal connection 

Copyright @ 1983, Texas Instruments Incorporated 
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TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

AVAILABLE OPTIONS 

PAtKAGE 

TA 
VIOMAX 

CHIP CARRIER CERAMIC DIP PLASTIC DIP FLAT PACK 
AT 26·C 

(FKI (JI (NI (WI 

O·C 

to 5 mV - TL044CJ TL044CN -
70·C 

-55·C 

to 5 mV TL044MFK TL044MJ - TL044MW 

E absolute maximum ratings over operating free-air temperature range (unless otherwis~ noted) 

125°C 

TL044M n044C UNIT 

o 
't:I 
(1) ... 
I» ... 
0' 
:::I 
!!. 
» 
3 
'2. 
:::;; 

Supply voltage VCC + (see Note 1) 

Supply voltage V CC _ (see Note 1) 

Differential input voltage (see Note 2) 

Input voltage (any input. see Notes 1 and 3) 

Duration of output short-circuit (see Note 4) 

Continuous total dissipation 

Operating free-air temperature range ", 

Storage temperature range 

Case temperature for 60 seconds I FK package 

Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds I J or W package 

Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds I N package 

22 18 V 

-22 -lS V 

±30 ±30 V 

±15 ±15 V 

unlimited unlimited 

See Dissipation Rliting Table 

-55 to 125 o to 70 ·C 

-65 to 150 -65 to·150 ·C 

260 ·C 

300 300 ·C 

260 ·C 

CD' NOTES: 1. All voltage values, unless otherwise noted. are with respect to the midpoint between VCC + end VCC _. 
... 2. Differential voltages are at the noninverting input terminal with respeCt to the inverting input terminal. 
en 3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 16 V. whichever is less. 

4. The output may be shorted to ground or either power supply. For the TL044M only. the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 85°C free-air temperature. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25·C DERATING DERATE TA - 70·C TA - 125·C 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING 

FK 680mW 11.0 mW/oC SS·C 680mW 275 mW 
J (n044M) 6S0mW 11.0 mW/·C SS·C 6S0mW 275 mW 
J (TL044C) 6S0mW 

N 6S0mW 

W 6S0mW 

2-270 

S.2 mW/·C 67·C 

NIA NIA 
S.O mW/oC 65°C 

TEXAs ..If 
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TL044M, TL044C 
QUAD LOW·POWER OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. vee + - 1 5 V • vee - = - 15 V 

TEST CONDITIONSt 
TL044M TL044C 

UNIT PARAMETER 
MIN TYP MAX MIN TYP MAX 

Input offset voltage 
Vo - 0, 25 DC 1 5 1 5 

VIO mV 
RS = 50 II Full range 6 7.5 

25 DC 5 40 15 80 
110 Input offset current Vo = 0 nA 

Full range 100 200 

25 DC 50 100 100 250 
liB Input bias current Vo = 0 nA 

Full range 250 400 

Common-mode 25 DC ±12 ±13 ±12 ±13 
VICR V 

input voltage range Full range ±12 ±12 

Maximum peak-ta-peak RL - 10 kll 25 DC 20 26 20 26 
VOpp V 

output voltage swing RL" 10 kll Full range 20 20 

Large-signal differential RL" 10 kll, 25 DC 72 86 60 80 
AVD dB 

voltage amplification Vo = ±10V Full range 66 60 

Bl Unity-gain bandwidth 25 DC 0.5 0.5 MHz 

Common-mode VIC = VICR min, 25 DC 60 72 60 72 
CMRR 

60 
dB 

rejection ratio Vo = 0, RS = 50 II Full range 60 

Supply voltage sensitivity VCC = ±9Vto ±15V, 25 DC 30 150 30 200 
kSVS 

(AVIO/AVCcl Va = 0, RS = 50 II Full range 150 200 
",VN 

Equivalent input 
AVO - 20 dB, 

Vn B = 1 Hz, 25 DC 50 50 nV/VHz 
noise voltage 

f = 1 kHz 

lOS Short-circuit output current 25 DC ±6 ±6 mA 

Supply current No load, 25 DC 250 400 250 500 
ICC (four amplifiers) Vo = OV Full range 400 500 

p.A 

Total dissipation No load, 25 DC 7.5 12 7.5 15 
mW Po 

(four amplifiers) Vo = OV Full range 12 15 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. Full range 
for TL044M is - 55 DC to 125 DC and for TL044C is 0 DC to 70 DC. 

operating characteristics. Vee + - 15 V . Vee _ - - 15 V. T A - 25 °c 

PARAMETER TEST CONDITIONS 
TL044M TL044C 

UNIT 
MIN TYP MAX MIN TYP MAX 

tr Rise time VI = 20 mV, RL = 10 kll, 0.3 0.3 

Overshoot factor CL = 100 pF, See Figure 1 5% 5% 
",s 

SR Slew rate at unity gain 
VI = 10 V, 

CL = 100 pF, 

RL = 10 kll, 
0.5 0.5 V/",s 

See Figure 1 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 
03234, JUNE 1988 - REVISED FEBRUARY 1989 

• Maximum Offset Voltage .•• 800 IlV (TL051A) 

• High Slew Rate ... 19.8 VIIlS Typ at 25°C 

• Low Noise Voltage .•• 18 nVl-vHz 
Typ atf = 1 kHz 

• Low Total Harmonic Distortion .•. 0.003% 
Typ at RL = 2 kQ 

• Low Input Bias Currents ... 30 pA Typ 

D, JG, or P PACKAGE 
(TOP VIEW) 

OFFSET Nl []8 NC 
IN- 2 7 VCC+ 
IN + 3 6 OUT 

VCC- 4 5 OFFSETN2 

description 

/ 

NC 
IN-
NC 6 

IN + 7 

NC 8 

FK PACKAGE 
(TOP VIEW) 

()~()()() 
zzzzz 

'3''2'''''''20''19' 

,.!!,,10,,!!,~,13 

() 10'" 0 
Z ()z z z 

() 
> 

NC - No internal connection 

18 

17 

16 

15 

I. 

NC 

VCC+ 
NC 
OUT 
NC 

L PACKAGE 
(TOP VIEW) 

VCC-

Pin 4 is in electrical contact with the case 

The TL051 and TL051A operational amplifiers incorporate well-matched, high-voltage JFET and bipolar 
transistors in a monolithic integrated circuit. These devices offer the significant advantages of Texas 
Instruments new enhanced JFET process. This process affords not only low initial offset voltage due to the 
on-chip zener trim capability but also stable offset voltage over time and temperature. In comparison, 
traditional JFET processes are plagued by significant offset voltage drift. 

This new enhanced process still maintains the traditional JFET advantages of fast slew rates and low input 
bias and offset currents. These advantages coupled with low noise and low harmonic distortion make the 
TL051 well-suited for new state-of-the-art designs as well as existing design upgrades. The TL051 has been 

AVAILABLE OPTIONS 

PACKAGE 

TA 
VIOmax SMALL- CHIP CERAMIC METAL PLASTIC 
AT 25°C OUTLINE CARRIER DIP CAN DIP 

(D) (FK) (JG) (L) (P) 

°t~C 800llV TL051ACD - TL051 ACJG TL051ACL TL051ACP 

70'C 1500 liV TL051CD - TL051CJG TL051 CL TL051 CP 
-40'C 800llV TL051AID - TL051AIJG TL051AIL TL051AIP 

to 
85'C 1500 llV TL0511D - TL0511JG TL0511L TL0511P 

-55'C 800llV TL051AMD TL051AMFK TL051AMJG TL051AML TL051AMP 
to 

125'C 1500 llV TL051MD TL051MFK TL051MJG TL051ML TL051MP 

D packages are available taped-and-reeled. Add "R" suffix to device type (e.g., 
TL051 CDR). 

aP­
t 

DISTRIBUTION OF TL051 A 
INPUT OFFSET VOLTAGE 

20r---~--~--~---r--~--~ 

VCC ± = ±15V 
16 TA = 25'C -+--1--+--+--1 

P Package 

~ :5 121--+---+-

'0 

f · 
4 

o 
-900 -600 -300 0 300 600 900 

VIO -Input Offset Voltage -IlV 

Copyright © 1989, Texas Instruments Incorporated 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

description (continued) 

designed to be functionally compatible, as well as pin compatible, with the TL071 and TL081. Two offset 
voltage grades are available: TL051 (1.5 mV max) and TL051 A (800 ILV max). 

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

The M-suffix devices are characterized for operation over the full military temperature range of - 55°C to 
125°C. The I-suffix devices are characterized for operation from - 40°C to 85°C, and the e-suffix devices are 
characterized for operation from ooe to 70°C. E equivalent schematic (each amplifier) 

o 
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CD .. 
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cS" 
::::I 
~ 
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Q2 

Q3 

IN + ___ -+ __ -, 

symbol (each amplifier) 

IN-=t>-OUT IN + + 
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Tl051 , Tl051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

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

Supply voltage, Vee + (see Note 1) ..................................................... 18 V 
Supply voltage, Vee _ (see Note 1) .................................................... - 18 V 
Differential input voltage (see Note 2) ................................................... ± 30 V 
Input voltage range, VI (any input, see Notes 1 and 3) ...................................... ± 15 V 
Input current, II (each input) .......................................................... ± 1 mA 
Output current, 10 (each output) ..................................................... ± 80 mA 
Total current into Vee + terminal ..................................................... 160 mA 
Total current out of Vee _ terminal ................................................... 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ............ " ............... Unlimited 2 
eontin~ous total.dissipation ..... : ..... : ............................ See Dissipation ~ating Ta~le 
Operating free-air temperature, T A- M-sufflx .................................... - 55 e to 125 e 

I-suffix ..................................... - 40°C to 85°C 
e-suffix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DoC to 70°C ~ 

Storage temperature range ................................................... - 65°C to 150°C .! 
Case temperature for 60 seconds: FK package ........................................... 260°C :t: 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°C Q. 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package ................ 300°C E 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
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 either supply. Temperature andlor 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 T A = 25·C POWER RATING POWER RATING POWER RATING 

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

FK 1375 mW 11.0mW/'C 880mW 715mW 275mW 

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

L 825mW 6.6 mW/'C 528mW 429mW 165mW 
p l000mW 8.0mW/'C 640mW 520mW 200mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC ±5 ±15 ±5 ±15 ±5 ±15 

I VCC± = ±5V -1 4 -1 4 -1 4 
Common-mode input voltage, V'C I VCC± = :t15V -11 11 -11 11 -11 11 

Operating free-air temperature, T A -55 125 -40 85 0 70 

fEXAS ." 
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TLO!i1M, TL051AM 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL051M 

VIO Input offset voltage 

TL051AM 

Vo = 0, 

VIC = 0, TL051M 
Temperature coefficient 

«VIO of input offset voltage 
RS = 50n 

TL051AM 

Input offset voltage 

long-term drift (see Note 5) 

110 Input offset current 
Vo = 0, VIC = 0, 
See Figure 5 

liB Input bias current 
Vo = 0, VIC = 0, 
See Figure 5 

VICR 
Common-mode input 

voltage range 

RL=10kn 

VOM+ 
Maximum positive peak 

output voltage swing 
RL = 2kn 

RL=10kn 
Maximum negative peak 

VOM- output voltage swing 
RL = 2kn 

Large-signal differential RL = 2kn, 
AVO voltage amplification See Note 6 

ri Input resistance 

Ci Input capacitance 

Common-mode 
VIC = VICR min, 

CMRR 
rejection ratio 

Vo = 0, 
RS = 50n 

Supply-voltage VCC± = ±5Vto±15V, 

kSVR rejection ratio Vo = 0, 

(8VCC ± I 8V10) RS·50n 

Supply current No load, 
ICC (four amplifiers) Vo = 0 

t Full range is - 55°C to 125°C. 

TAt 

25°C 

Full range 

25°C 
Full range 

25°C to 

125°C 

25°C to 

125°C 

25°C 

25°C 

125°C 

25°C 

125°C 

25°C 

Full range 

25°C 
Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

-55°C 

125°C 

25°C 

25°C 

25°C 

-55°C 

125°C 

25°C 

-55°C 

125°C 

25°C 

-55°C 

125°C 

VCC± = ±5V VCC± = ± 15V 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.75 3.5 0.59 1.5 
6.5 4.5 

mV 
0.55 2.8 0.35 0.8 

5.8 3.8 

8 8 
tJ.V/oC 

8 8 

0.04 0.04 tJ.V/mo 

4 100 5 100 pA 

1 20 2 20 nA 

20 200 30 200 pA 
10 50 20 50 nA 

-1 -2.3 -11 -12.3 

to to to to 
4 5.6 11 15.6 

-1 -11 
V 

to to 

4 11 

3 4.2 13 13.9 

3 13 
V 

2.5 3.8 11.5 12.7 

2.5 11.5 

-2.5 -3.5 -12 -13.2 

-2.5 -12 

-2.3 -3.2 -11 -12 
V 

-2.3 -11 

25 59 50 105 

30 76 60 149 V/mV 
10 32 15 49 

1012 1012 n 
10 12 pF 

65 85 75 93 

65 83 75 92 dB 

65 84 75 94 
75 99 75 99 

75 98 75 98 dB 

75 100 75 100 

2.6 3.2 2.7 3.2 

2.3 3.2 2.4 3.2 mA 
2.4 3.2 2.5 3.2 

NOTES:. 5. Typical values are based on the Input offset vollage shift observed through 168 hours of operating life lesl al T A = 150°C extrapolated 
to T A = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 

6. ForVCC± = ±5V,VO = ±2.3V;aIVCC± = ±15V,VO = ±10V. 
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operating characteristics 

TL051M, TL051AM 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

PARAMETER TEST CONDITIONS TAt 
VCC± = ±5V VCC± = ± 15 v 

UNIT 
MIN 

Positive slew rate 25°e 
SR+ 

at unity gain RL = 2kO, 
-55°e 

125°e 
eL = 100 pF, 

25°e 
SR-

Negative slew rate See Figure 1 and Note 7 
-55°e 

at unity gain 
125°e 

25°e 

tr Rise time -55°e 

VIPP = ± 10 mV, 
125°e 

25°e 
RL = 2kO, 

tl Fall time -55°e 
eL = 100 pF, 

125°e See Figures 1 and 2 
25°e 

Overshoot lactor -55°e 

125°e 

Vn 
Equivalent input noise 1_ 10Hz 25°e 
voltage RS = 1000, 1= 1 kHz 25°e 

VNPP 
Peak-to-peak equivalent See Figure 3 1= 10Hzto 

input noise voltage 10kHz 
25°e 

In 
Equivalent input 

1= 1 kHz 25°e 
noise current 

THO Total harmonic distortion 
RS-1kO, RL - 2kO, 

25°e 1= 1 kHz, See Note 8 

Vi = 10mV, RL = 2kO' 
25°e 

B1 Unity-gain bandwidth -55°e 
eL = 25 pF, See Figure 4 

125°e 

Phase margin Vi = 10mV, RL = 2kO, 
25°e 

.pm -55°e 
at unity gain eL = 25 pF, See Figure 4 

125°e 

t Full range is - 55°e to 125°e. 
NOTES: 7. ForVee± = ±5V,VIPP = ±1V;/orVee± = ±15V,VIPP = ±5V. 

8. For Vee ± = ± 5 v, Vo(rms) = 1 V; lor Vee ± = ± 15 V, Vo(rms) = 6 V. 

TYP MAX MIN TYP MAX 
18.2 15 23.7 

17.5 20 

15 21.2 

16.5 15 19.8 
V/lJ.s 

15.1 17 

14.8 18.2 

55 56 

51 52 

68 68 

55 57 
ns 

51 52 

68 69 

24% 19% 

25% 19% 

25% 19% 

75 75 
nV/VHZ 

18 19 

4 4 IJ.V 

0.01 0.01 pA/VHZ 

0.003% 0.003% 

3 3.1 

3.6 3.7 MHz 

2.3 2.4 

59° 62° 

57° 61° 

59° 62° 
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• 

TL051 I, TL051AI 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL051 I 

Via Input offset voltage 

TL051AI 

Va = 0, 
Temperature coefficient VIC = 0, TL051 I 

cxVIO of input offset voltage RS = 50 f.! 
(see Note 9) TL051AI 

Input offset voltage 

long-term drift (see Note 5) 

110 Input offset current 
Va = 0, VIC = 0, 
See Figure 5 

liB Input bias current 
Va - 0, VIC - 0, 
See Figure 5 

VICR 
Common-mode input 

voltage range 

RL = 101ill 
Maximum positive peak 

VOM+ output voltage swing 
RL = 2 kf.! 

RL=10kf.! 
Maximum negative peak 

VOM- output voltage swing 
RL = 2 kf.! 

Large-signal differential RL = 2kf.!, 
Avo voltage amplification See Note 6 

fj Input resistance 

Ci Input capacitance 

Common-mode 
VIC - VICR min, 

CMRR 
rejection ratio 

Va = 0, 

Rs = 50 f.! 
Supply-voltage VCC± = ±5Vto±15V, 

kSVR rejection ratio Va = 0, 

(,WCC ± I <1VIO) RS = 50 f.! 

Supply current No load, 
ICC (four amplifiers) Va = 0 

t Full range is - 40°C to 85°C. 

TAt 

25'C 

Full rarige 

25'C 
Full range 

25'C to 

85'C 

25°C to 

85°C 

25°C 

25°C 

85°C 

25°C 

85°C 

25°C 

Full range 

25°C 

Full range 

25°C 
Full range 

25'C 

Full range 

25°C 

Full range 

25°C 
-40°C 

85°C 

25°C 

25°C 

25°C 

-40°C 

85°C 

25°C 

-40°C 

85°C 

25'C 

-40°C 

85'C 

VCC± = ±5V VCC± = ± 15 v 
UNIT 

MIN TYP MAX MIN TYP .MAX 
0.75 3.5 0.59 1.5 

5.3 3:3 
mV 

0.55 2.8 0.35 0.8 

4.6 2.6 

7 8 

v.V/'C 
8 8 25 

0.04 0.04 v.V/mo 

4 100 5 100 pA 
0.06 10 0.07 10 nA 

20 200 30 200 pA 

0.6 20 0.7 20 nA 
-1 -2.3 -11 -12.3 

to to to to 
4 5.6 11 15.6 

-1 -11 
V 

to to 

4 11 

3 4.2 13 13.9 

3 13 

2.5 3.8 11.5 12.7 
V· 

2.5 11.5 

-2.5 -3.5 -12 -13.2 

-2.5 -12 

-2.3 -3.2 -11 -12 
V 

-2.3 -11 

25 59 50 105 

30 74 60. .145 V/mV 

20 43 30 76 

1012 1012 f.! 
10 12 pF 

65 85 75 -is 
65 83 75 90 dB 
65 84 75 93 

75 99 75 99 

75 98 75 98 dB 

75 • 99 75 99 

2.6 3.2 2.7 3.2 

2.4 3.2 2.6 3.2 rnA 
2.5 3.2 2.6 3.2 

NOTES: 5. 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. 

6. ForVCC± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
9. This parameter is tested on a sample basis for the TL051 A. For other test requirements, please contact the factory. This statement 

has no bearing on testing or nontesting of other parameters. 
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operating characteristics 

TL0511, TL051AI 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

PARAMETER TEST CONDITIONS TAt 
VCC± = ±5V VCC± = ± 15 v 

UNIT 
MIN TYP MAX MIN TYP MAX 

Positive slew rate 
25°e 18.2 15 23.7 

SR+ 
at unity gain RL = 2 kll, 

-400 e 20.1 13 23 

85°e 16.1 13 21.9 
eL = 100 pF, 

25°e 16.5 15 19.8 
V/IJ1i' 

SR-
Negative slew rate See Figure 1 and Note 7 

-400 e 16.6 13 19.4 
at unity gain 

85°e 15.7 13 19.1 

25°e 55 56 

tr Rise time -400 e 52 53 

VIPP = ± 10 mY, 
85°e 64 65 

25°e 55 57 
ns 

tl Fall time 
RL = 2 kO, 

-400 e 51 53 
eL = 100 pF, 

85°e 64 65 
See Figures 1 and 2 

25°e 24% 19% 
Overshoot lactor -400 e 24% 19% 

85°e 24% 19% 

Vn 
Equivalent input noise 1- 10Hz 25°e 75 75 

nV/Mz 
voHage (see Note 10) RS = 100 0, 1= 1 kHz 25°e 18 18 30 

VNPP 
Peak-to-peak equivalent See Figure 3 1= 10Hzto 

input noise voltage 10kHz 
25°e 4 4 I1V 

In 
Equivalent input 

noise current 
I = 1 kHz 25°e 0.01 0.01 pA/Mz 

THO Total harmonic distortion 
RS = 1 kll, RL - 2kO, 

25°e 0.003% 0.003% 
1= 1 kHz, See Note 8 

Vi = 10mV, RL = 2kO, 
25°e 3 3.1 

81 Unity-gain bandwidth -400 e 3.5 3.6 MHz 
eL = 25 pF, See Figure 4 

85°e 2.6 2.7 

Phase margin Vi = 10 mY, RL = 2 kll, 
25°e 59° 62° 

~m -400 e 58° 61° at unity gain eL = 25 pF, See Figure 4 
85°e 59° 62° 

t Full range is - 400 e to 85°e. 
NOTES: 7. ForVee± = ±5V,VIPP = ±IV;lorVee± = ±15V,VIPP = ±5V. 

8. For Vee ± = ± 5 V, Vo(rms) = 1 V; lor Vee ± = ± 15 V, Vo(rms) = 6 V. 
1 O. This parameter is tested on a sample basis. For other test requirements, please contact the lactory. This statement has no bearing 

on testing or nontesting 01 other parameters. 
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Tl051C, Tl051AC 
ENHANCED JFET PRECISI.ON 
OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL051C 

Via Input offset vo~age 
TL051AC 

Va = 0, 
Temperature coefficient VIC = 0, TL051C 

"via of input offset voltage RS = 500 
(see Note 9) TL051AC 

Input offset vo~age 
long-term drift (see Note 5) 

110 Input offset current 
Va - 0, VIC ~ 0, 
See Figure 5 

liB Input bias current 
Va = 0, VIC = 0, 
See Figure 5 

VICR 
Common-mode input 
vo~age range 

RL=101<0 
Maximum posijive peak 

VOM+ output voltage swing 
RL = 21<0 

RL=101<0 

VOM-
Maximum negative peak 
output voltage swing 

RL = 2 kO 

Large-signal differential RL = 2kO, 
AVO voltage amplification See Note 6 

ri Input resistance 

Ci Input capacitance 

Common-mode VIC = VICR min, 
CMRR 

rejection ratio 
Va = 0, 
RS = 500 

Supply-voltage VCC± = ±5Vto±15V, 

kSVR rejection ratio Va = 0, 
(avCC ± laVIO) RS=500 

Supply current No load, 
ICC (four amplifiers) Va = 0 

t Full range is O°C to 70°C. 

TAt 

25°C 
Full range 

25°C 
Full range 
25°C to 
70°C 

25°C to 
70°C 

25°C 

25°C 
70°C 
25°C 
70°C 

25°C 

Full range 

25°C 
Full range 

25°C 
Full range 

25°C 
Full range 

25°C 
Full range 

25°C 
O°C 

70°C 
25°C 
25°C 
25°C 

O°C 
70°C 
25°C 

O°C 
70°C 
25°C 

O°C 
70°C 

VCC± = ±5V VCC± = ± 15 v 
UNIT 

MIN TVP MAX MIN TVP MAX 
0.75 3.5 0.59 1.5 

4.5 2.5 
mV 

0.55 2.8 0.35 0.8 
3.8 1.8 

8 8 
IJ.V/oc 

8 8 25 

0.04 0.04 IJ.V/mo 

4 100 5 100 pA 
0.02 1 0.025 1 nA 

20 200 30 200 pA 
0.15 4 0.2 4 nA 

-1 -2.3 -11 -12.3 
to to to to 
4 5.6 11 15.6 

-1 -11 
V 

to to 
4 11 
3 4.2 13 13.9 
3 13 

2.5 3.8 11.5 12.7 
V 

2.5 11.5 
-2.5 -3.5 -12 -13.2 
-2.5 -12 

V 
-2.3 -3.2 -11 -12 
-2.3 -11 

25 59 50 105 
30 65 60 129 V/mV 
20 46 30 85 

10'2 10'2 0 
10 12 pF 

65 85 75 93 
65 84 75 92 dB 
65 84 75 91 
75 99 75 99 
75 98 75 98 dB 
75 97 75 97 

2.6 3.2 2.7 3.2 
2.7 3.2 2.8 3.2 mA 
2.6 3.2 2.7 3.2 

NOTES: 5. 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. 

6. ForVCC± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
9. This parameter is tested on a sample basis for the TL051 A. For other test requirements, please contact the factory. This statenlent 

has no bearing on testing or nontesting of other parameters. 
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operating characteristics 

TL051C, TL051AC 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

PARAMETER TEST CONDITIONS TAt VCC:t = ±5V VCC:t = :t 15 V 
UNIT 

MIN TVP MAX MIN TYP MAX 

Positive slew rate 
25'C 18.2 15 23.7 

SR+ 
at unity gain RL = 2 kO, 

O'C 19.5 13 24.1 

70'C 16.4 13 22.6 
CL = 100 pF, 

25'C 16.5 15 19.8 
VI/ls 

SR-
Negative slew rate See Figure 1 and Note 7 

O'C 16.8 13 19.9 
at unity gain 

70'C 16 13 19.3 

25'C 55 56 

tr Rise time O'C 54 55 

VIPP = ± 10 mY, 
70'C 63 63 

25'C 55 57 
ns 

tl Fall time 
RL = 2kn, 

O'C 54 56 
CL = 100 pF, 

70'C 62 64 
See Figures 1 and 2 

25'C 24% 19% 
Overshoot lactor O'C 24% 19% 

70'C 24% 19% 

Vn 
Equivalent input noise 1= 10Hz 25'C 75 75 

nV/~ 
voltage (see Note 10) RS = 100n, 1= 1 kHz 25'C 18 18 30 
Peak-to·peak equivalent See Figure 3 1= 10Hzto 

VNPP input noise voltage 10kHz 
25'C 4 4 /lV 

In 
Equivalent input 

I = 1 kHz 25'C 0.01 0.01 pA/~ 
noise current 

THD Total harmonic distortion 
RS = 1 kO, RL = 2kO, 

25'C 0.003% 0.003% 
I = 1 kHz, See Note 8 

Vi = 10mV, RL = 2kO, 
25'C 3 3.1 

B1 Unity·gain bandwidth O'C 3.2 3.3 MHz 
CL = 25 pF, See Figure 4 

70'C 2.7 2.8 

Phase margin Vi = 10mV, RL = 2kn, 
25'C 59' 62' 

ifJm O'C 58' 62' at unity gain CL = 25 pF, See Figure 4 
70'C 59' 62' 

t Full range is O'C to 70'C. 
NOTES: 7. For VCC ± = :t5V, VIPP = ±1 V; 10rVCC± = ±15V, VIPP = ±5V. 

8. For VCC ± = ± 5 V, Vo(rms) = 1 V; lor VCC ± = ± 15 V, Vo(rms) = 6 V. 
10. This parameter is tested on a sample basis. For other test requirements, please contact the lactory. This statement has no bearing 

on testing or nontesting of other parameters . 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

>--+-,,--vo 

NOTE A: CL includes fixture capacitance. 

FIGURE 1. SLEW RATE, RISE/FALL TIME, 
AND OVERSHOOT TEST CIRCUIT 

10kr.l 

Vo 

vcc-
RS RS 

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT 

typical values 

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

input bias and offset current 

At the picoamp-bias-current level typical of the 
TL051 and TL051 A, accurate measurement of the 

10% 

Ir - RISE TIME 

FIGURE 2. RISE TIME AND OVERSHOOT 
WAVEFORM 

10 kG 

>--...... ..-_vo 

NOTE A: CL includes fixture capacitance. 

FIGURE 4. UNITY-GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 

bias current becomes difficult. Not only does this FIGURE 5. INPUT BIAS AND OFFSET 
measurement require a picoammeter, but test CURRENT TEST CIRCUIT 
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 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. 

noise 

Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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DISTRIBUTION OF TL051 
INPUT OFFSET VOLTAGE 
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FIGURE 6 

INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT 

vs 
FREE-AIR TEMPERATURE 

VCC ± = ±15V 
Vo = 0 
VIC = 0 
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FIGURE 7 

INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 

VCC± = ±15V 
TA = 25'C 

,..../ 
V 
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VIC - Common·Mode Input Voltage - V 

FIGURE 9 

15 

fOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 11 

OUTPUT VOLTAGE 
vs 
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FIGURE 13 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

16 

::;- 12 

I 8 

i 4 
o 
i 0 

~ -4 
E 
'a 
:;; -8 
I 
:;; 
~-12 

-16 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

TA = 25°C 
I 

vOM+ .,-~ 
RL~I~ P 

....-:: ~=I2kn 

~ 

~2kn 

RL = 10k~ ~"'-I I 

VO~_ I" 

o 2 4 6 8 10 12 14 16 

I 
D-

~ 

IVcc ±I- Supply Voltage - V 

FIGURE 14 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

o 
10 k 

FREQUENCY 

1Tmnrr RL = 2kn 
vcc± = ±15V TA = 25°C 

~ 
\ 
~ 

VCC±=±5V ~ 

1'-. 'I-

lOOk 1M 

f - Frequency - Hz 

FIGURE 16 

10 M 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 
> 30 
I 

f VC~ ~ J ~lll~lt RL = 2kn 

~ 25 

I 20 

I i 15 

1\ , 
iA iml~IT \ TA = -55°C 

E 10 

J 
VCC± = ±5V 1 /~ 

I 

$ 
5 

o 
10 k 

~~ 
lOOk 1M 

f - Freql/ency - HZ 

FIGURE 15 

10 M 

MAXIMUMPEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

> 
I .. 

CD 

~ 
~ 
'5 ... 
'5 
0 ... 
l 
~ 
l 
E 
::J 

i 
::E 
I 
D-
D-
O 
> 

30 

25 

20 

15 

10 

5 

o 
10k 

FREQUENCY 

RL = 10 kn 
TA = 25°C 

I\vcc± = ±15V 

\ 
1\ 

r-. 
Vcc± = ±5V 

IIIIIII ~ ,... 
lOOk 1M 10M 

f - Frequency - Hz 

FIGURE 17 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Tl051 , Tl051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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Tl051 , Tl051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

. TYPICAL CHARACTIERISTICSt 
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tOata at high and low temperatures· are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 11: Values of phase margin below a load capacitance of 25 pF were estimated, 
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TYPICAL APPLICATION DATA 

output characteristics 

TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

All operating characteristics (except bandwidth and phase margin) are specified with 100-pF load capaci­
tance. The TL051 and TL051 A will drive higher capacitive loads; however, as the load capacitance increases, 
the resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation. 
The value of the load capacitance at which oscillation occurs varies with production lots. If an application 
appears to be sensitive to oscillation due to load capacitance, adding a small resistance in series with the load 
should alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if enough resistance is 
added in series with the output (see Figure 50). 

(a) CL = 100 pF, R = 0 (b) CL = 300 pF, R = 0 (e) CL = 350 pF, R = 0 

(d) CL = 1000 pF, R = 0 (e) CL 1000 pF, R = 50 g (f) CL = 1000 pF, R = 2 kg 

FIGURE 50. EFFECT OF CAPACITIVE LOADS 

+5V 

-5V 

NOTE A: CL includes fixture capacitance. 

FIGURE 51. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

input characteristics 

TYPICAL APPLICATION DATA 

The TL051 and TL051 A 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 TL051 and 
TL051 A 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 52). These guards should be driven from a low­
impedance source at the same voltage level as the common-mode input. 

(a) NONINVERTING AMPLIFIER 

noise performance 

Vo 

(b) INVERTING AMPLIFIER 

FIGURE 52. USE OF GUARD RINGS 

(e) UNITY-GAIN AMPLIFIER 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TL051 and TL051 A result in a very low current noise. 
This feature makes the devices especially favorable over bipolar devices when using values of circuit 
impedance greater than 50 kn. 
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TYPICAL APPLICATION DATA 

phase meter 

TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

The phase meter in Figure 53 produces an output voltage of 10 mV per degree of phase delay between the 
two input signals VA and VB. The reference signal VA must be the same frequency as VB' The TLC3702 
comparators (U1) convert these two input sine waves into ± 5-V square waves. Then R1 and R4 provide level 
shifting prior to the SN74HC109 dual J-K flip flop. 

Flip-flop U2B is connected as a toggle flip-flop and generates a square wave at half the frequency of VB' Flip­
flop U2A also produces a square wave at half the input frequency. The pulse duration of U2A varies from zero 
to half the period, where zero corresponds to zero phase delay between VA and VB and half the period 
corresponds to VB lagging VA by 360 degrees. ' 

The output pulse from U2A causes the TLC4066 (U3) switch to charge the TL051 (U4) integrator capacitors 
C1 and C2. As the phase delay approaches 360 degrees, the output of U2A approximates a square wave, 
and U4 has an output of almost 2.5 V. US acts as a noninverting amplifier with a gain of 1.44 in order to scale 
the 0- to 2.5-V integrator output to a 0- to 3.6-V output range. 

R8 and R10 provide output gain and zero-level calibration. This circuit operates over a 100-Hz to 10-kHz 
frequency range. 

R2 
100kO 

Rl 

100kO 

R4 
100kO 

+5V 

NOTES: Ul = TLC3702; Vcc ± = ± 5 V. 
U2 = SN74HC109. 
U3 = TLC4066. 
U4,U5 = TL051; VCC ± = ± 5 V. 

Gain 

FIGURE 53. PHASE METER 
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TL051 , TL051A 
ENHANCED JFET PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

precision constant-current source over temperature 

2-298 

A precision current source benefits from the high input impedance and stability of Texas Instruments enhanced 
JFET process. A low-current shunt regulator maintains 2.5 V between the inverting input and the output of 
the TL051. The negative feedback then forces 2.5 V across the current setting resistor R; therefore, the current 
to the load is simply 2.5 V divided by R. 

Possible choices for the shunt regulator include the L T1 004, L T1009, and LM385. Note that if the regulator's 
cathode connects to the op amp output, this circuit will SOl,lrce load current. Similarly, if the cathode connects 
to the inverting input, the circuit will sink current from the load. To minimize output current change with 
temperature, R should be a metal film resistor with a low temperature coefficient. Also, this circuit must be 
operated with split voltage supplies. 

150pF 150pF 

U2 U2 

+ 15V + 15V 

Load R 
V=Oto-10V 

(a) SOURCE CURRENT LOAD 

NOTES: U1 = TL051. 
U2 = LM385, L T1004, or L T1 009 voltage reference. 

I = 2.~ V, R = Low temperature coefficient metal film resistor. 

(b) SINK CURRENT LOAD 

FIGURE 54. PRECISION CONSTANT-CURRENT SOURCE 
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TL052, TL052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 
03235, JUNE 1988 - REVISED FEBRUARY 1989 

• Maximum Offset Voltage ..• SOO!tV (TL052A) • Low Noise Voltage •.. 19 nV/VHz 
Typ atf = 1 kHz 

• High Slew Rate ... 17.8 V/!ts Typ at 25°C 

• Low Total Harmonic Distortion 
Typ at RL = 2 kn 

0.003"(0 
• Low Input Bias Currents ... 30 pA Typ 

D, JG, or P PACKAGE 
(TOP VIEW) 

1 OUT []s VCC + 
11N- 2 7 20UT 
1 IN + 3 6 21N-

VCC- 4 5 21N+ 

FK PACKAGE 
(TOP VIEW) 

I- + 
::J 0 

00000 
Z~Z>Z 

3 2 1 20 19 

NC 4 18 NC 
11N- 5 

NC 6 

1 IN + 7 

NC 8 

9 10 11 12 13 

o 10+0 
Z OZ Z Z o -

> '" 
NC - No internal connection 

17 2 OUT 
16 NC 
15 21N-
14 NC 

L PACKAGE 
(TOP VIEW) 

vCC+ 

Pin 4 is in electrical contact with the case 

description 

TA 

°t~C 
70'C 

The TL052 and TL052A dual operational amplifiers incorporate well-matched, high-voltage JFET and bipolar 
transistors in a monolithic integrated circuit. These devices offer the significant advantages of Texas 
Instruments new enhanced JFET process. This process affords not only low initial offset voltage due to the 
on-chip zener trim capability but also stable offset voltage over time and temperature. In comparison, 
traditional JFET processes are plagued by significant offset voltage drift. 

This new enhanced process still maintains the traditional JFET advantages of fast slew rates and low input 
bias and offset currents. These advantages coupled with low noise and low harmonic distortion make the 
TL052 well-suited for new state-of-the-art designs as well as existing design upgrades. The TL052 has been 

AVAILABLE OPTIONS 

PACKAGE 
VIOmax SMALL- CHIP CERAMIC 
AT 25DC OUTLINE CARRIER DIP 

(D) (FK) (JG) 

BOO !'V TL052ACD - TL052ACJG 
1500 !'V TL052CD - TL052CJG 

METAL PLASTIC 
CAN DIP 
(L) (P) 

TL052ACL TL052ACP 
TL052CL TL052CP 

"ifl 
I 15 

i 
} 
~ 10 

DISTRIBUTION OF TL052A 
INPUT OFFSET VOLTAGE 

40'C BOO!'V TL052AID - TL052AIJG TL052AIL TL052AIP 

f · to 
85'C 1500 !'V TL0521D - TL0521JG TL0521L TL0521P 
55'C BOO!'V TL052AMD TL052AMFK TL052AMJG TL052AML TL052AMP 
to 

125'C 1500!'V TL052MD TL052MFK TL052MJG TL052ML TL052MP 

D packages are available taped-and-reeled. Add "R" suffix to device type (e.g., 
TL052CDR). . 

-600 -300 0 300 600 900 
VIO -Input Offset Voltage -liV 

Copyright © 1989, Texas Instruments Incorporated 

ca c o 
',j: 
ca 
~ 
Q) 
c. 
o 

PRODUCTION DATA documenls contain Inloooalion 
currenlas 01 publication date. Products conlorm 10 
.peclll .. lI~n. per Ihe lerms 01 Texa. Instrumenls 
standard warranty. Production p ....... lng dOl. nol 
neCeJlarily include lestlng of all parameters. 
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TL052, TL052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

description (continued) 

designed to be functionally compatible, as well as pin compatible. with the TL072 and TL082. Two offset 
voltage grades are available: TL052 (1.5 mV max) and TL052A (800 IlV max). 

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

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

equivalent schematic (each amplifier) 
vcc+ 

Q2 

Q3 

IN+ 

Vo 

Q17 

Q9 Q14 

R10 02 
R4 

symbol (each amplifier) 
vcc-

IN-={>-OUT IN+ + 
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TL052, TL052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

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

Supply voltage, VCC + (see Note 1) ..................................................... 18 V 
Supply voltage, VCC _ (see Note 1) .................................................... -18 V 
Differential input voltage (see Note 2) ................................................... ± 30 V 
Input voltage range, VI (any input, see Notes 1 and 3) ...................................... ± 15 V 
Input current, II (each input) .......................................................... ± 1 mA 
Output current, 10 (each output) ..................................................... ± 80 mA 
Total current into VCC + terminal ..................................................... 160 mA 
Total current out of VCC _ terminal .............................................. , .... 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ............................ Unlimited 
Continuous total dissipation ........................................ See Dissipation Rating Table 
Operating free-air temperature, T A: M-suffix .................................... - 55°C to 125°C 

I-suffix ..................................... - 40°C to 85°C 
C-suffix ........................................ 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: D or P package ................. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds:JG or L package ................ 300°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vec + and Vee _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
3. The magnitude of the input vo~age must never exceed the magnitude of the supply voltage or 15 V. whichever is less. 
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. 

DISSIPATION RATING TABLE 

PACKAGE TA s 25°C DERAnNG FACTOR TA = 70°C TA = 85°C TA=125°C 
POWER RATING ABOVE T A = 25°C POWER RATING POWER RATING POWER RATING 

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

FK 1375 mW 11.0 mWI"C 880mW 715mW 275mW 

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

L 825mW 6.6 mWI"C 528mW 429mW 165mW 
p 1000 mW 8.0mW/oC 640mW 520mW 200mW 

recommended operating conditions 
M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage. Vec ±5 ±15 ±5 ±15 ±5 ±15 

I VCC± = ±5V -1 4 -1 4 -1 4 
Common-mode input voltage. VIC 

IVCC±=±15V -11 11 -11 11 -11 11 

Operating free-air temperature. T A -55 125 -40 85 0 70 

UNIT 

V 

V 

'C 
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TL052M, TL052AM 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL052M 

VIO Input offset voltage 

TL052AM 

Vo = 0, 

VIC = 0, TL052M 
Temperature coefficient 

RS = 50n aVIO of input offset voltage 
TL052AM 

Input offset voltage 

long·term drift (see Note 5) 

110 Input offset current 
Vo = 0, VIC = 0, 
See Figure 5 

Vo - O,VIC - 0, 
liB Input bias current 

See Figure 5 

VICR 
Common-mode input 

voltage range 

RL=lOkn 
Maximum positive peak 

VOM+ output voltage swing 
RL = 2 kn 

RL=10kn 
Maximum negative peak 

VOM- output voltage swing 
RL = 2 kIl 

Large-signal differential RL = 2 kIl, 
AVD voltage amplification See Note 6 

ri Input resistance 

Ci Input capacitance 

Common·mode 
VIC = VICR min, 

CMRR 
rejection ratio 

Vo = 0, 
RS = 50n 

Supply-voltage VCC± = ±5Vto±15V, 

kSVR rejection ratio Vo = 0, 

(,\,VCC ± / ,\,VIO) RS = 50n 

Supply current No load, 
ICC (four amplifiers) Vo = 0 

Vol/V02 Crosstalk attenuation AVD = 100 

t Full range is - 55°C to 125°C. , 

TAt 

~5°C 

Full range 

25°C 
Full range 

25°C to 

125°C 

25°C to 

125°C 

25°C 

25°C 

125°C 

25°C 

125°C 

25°C 

Full range 

25°C 

Full range 

25"C 

Full range 

25"C 

Full range 

25"C 

Full range 

25"C 

-55"C 

125°C 

25°C 

25°C 

25"C 

-55°C 

125°C 

25°C 

-55°C 

125°C 

25°C 

-55°C 

125°C 

25°C 

VCC± = ±5V VCC ± = ± 15 v 
UNIT 

MIN TYP MAX MIN TVP MAX 
0.73 3.5 0.65 1.5 

6.5 4.5 
mV 

0.51 2.8 0.4 0.8 
5.8 3.8 

10 9 
flV/oC 

9 8 

0.04 0.04 flV/mO 

4 100 5 100 pA 

1 20 2 20 nA 

20 200 30 200 pA 
10 50 20 50 nA 

-1 -2.3 -11 -12.3 

to to to to 
4 5.6 11 15.6 

-1 -11 
V 

to to 

4 11 

3 4.2 13 13.9 

3 13 
V 

2.5 3.8 11.5 12.7 

2.5 11.5 

-2.5 -3.5 -12 -13.2 

-2.5 -12 
V 

-2.3 -3.2 -11 -12 

-2.3 -11 

25 59 50 105 

30 76 60 149 V/mV 

10 32 15 49 
1(}12 10'2 n 

10 12 pF 

65 85 75 93 

65 83 75 92 dB 

65 84 75 94 

75 99 75 99 

75 ~8 75 98 dB 

75 lOa 75 lOa 

4.6 5.6 4.8 5.6 

4.4 6.4 4.5 6.4 mA 
4.2 6.4 4.4 6.4 

120 120 dB 

NOTES: 5. 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. 

6. ForVCC± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±IOV. 
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operating characteristics 

PARAMETER TEST CONDITIONS 

Positive slew rate 
SR+ 

at unity gain RL = 2kn, 
eL = 100 pF, 

SR-
Negative slew rate See Figure 1 and Note 7 
at unity gain 

tr Rise time 

VIPP = ± 10 mV, 

tf Fall time 
RL = 2 kn, 
eL = 100 pF, 
See Figures 1 and 2 

Overshoot factor 

Vn 
Equivalent input noise f = 10Hz 
voltage RS = lOOn, I = I kHz 

V Peak-to-peak equivalent See Figure 3 I = 10 Hz to 
NPP input noise voltage 10kHz 

In 
Equivalent input 

1= 1 kHz 
noise current 

THO Total harmonic distortion 
RS=1kn, RL = 2kn, 
f = 1 kHz, See Note 8 

Vi = 10 mV, RL = 2 kn, 
61 Unity-gain bandwidth 

eL = 25 pF, See Figure 4 

Phase margin Vi = 10 mV, RL = 2 kn, 
~m 

at unity gain eL = 25 pF, See Figure 4 

t Full range is - 55'C to 125'C. 

TAt 

25'e 
-55'e 
125'e 

25'e 
-55'e 
125'e 

25'e 
-55'e 

125'e 

25'e 
-55'e 

125'e 
25'e 

-55'e 
125'e 

25'e 
25'e 

25'e 

25'e 

25'e 

25'e 

-55'e 
125'e 

25'e 
-55'e 
125'e 

TL052M, TL052AM 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

VCC± = ± 5 v VCC± = ±15V 
UNIT 

MIN TYP MAX MIN TYP MAX 
17.8 13 20.7 

18.8 20.3 
14.5 20.2 
15.4 13 17.8 

V/JJ.s 

15.7 17.6 
13.8 16.5 

55 56 
51 52 

68 68 
55 57 

ns 

51 52 

68 69 
24% 19% 

25% 19% 

25% 19% 

71 71 
nV/v'Hz 

19 19 

4 4 JJ.V 

0.01 0.01 pA/v'Hz 

0.003% 0.003% 

3 3 
3.6 3.7 MHz 
2.3 2.4 

60' 63' 
57' 61' 
60' 63' 

NOTES: 7. For Vec ± = ±5V, VIPP = ±1 V; 10rVeC± = ±15V, VIPP = ±5V. 
8. For Vee ± = ± 5 V, Vo(rms) = 1 V; for Vee ± = ± 15 V, Vo(rms) = 6 V. 

II 
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TL0521, TL052AI 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL0521 

VIO Input offset voltage 

TL052AI 

Vo ~ 0, 

Temperature coefficient VIC ~ 0, TL0521 

"'VIO of input offset voltage RS ~ 50Q 

(see Note 9) TL052AI 

Input offset voltage 

long-term drift (see Note 5) 

110 Input offset current 
Vo ~ 0, VIC ~ 0, 

See Figure 5 

liB Input bias current 
Vo = 0, VIC = 0, 

See Figure 5 

VICR 
Common-mode input 

voltage range 

RL=10kQ 

VOM+ 
Maximum positive peak 

output voltage swing 
RL = 2 kQ 

RL=10kQ 

VOM-
Maximum negative peak 

output voltage swing 
RL = 2kQ 

Large-signal differential RL - 2kQ, 
AVD voltage amplification See Note 6 

'i Input resistance 

Ci Input capacitance 

Common-mode 
VIC = VICR min, 

CMRR 
rejection ratio 

Vo = 0, 

RS = 50Q 

Supply-voltage VCC± = ±5Vto±15V, 

kSVR rejection ratio Vo = 0, 

(6.VCC + / 6.VIO) RS = 50Q 

Supply current No load, 
ICC (four amplifiers) Vo = a 

Vol iV02 Crosstalk attenuation AVD = 100 

t Full range is - 40'C to 85'C. 

TAt 

25'C 

Full range 

25'C 

Full range 

25'Cto 

85'C 

25'Cto 

85'C 

25'C 

25'C 

85'C 

25'C 

85'C 

25'C 

Full range 

25'C 

Full range 

25'C 

Full range 

25'C 

Full range 

25'C 

Full range 

25'C 

-40'C 

85'C 

25'C 

25'C 

25'C 

-40'C 

85'C 

25'C 

-40'C 

85'C 

25'C 

-40'C 

85'C 

25'C 

VCC± = ± 5 v VCC± = ±15V 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.73 3.5 0.65 1.5 

5.3 3.3 
mV 

0.51 2.8 0.4 0.8 

4.6 2.6 

7 6 

IlV/'C 

6 6 25 

0.04 0.04 IlV/mo 

4 100 5 100 pA 

0.06 10 0.07 10 nA 

20 200 30 200 pA 

0.6 20 0.7 20 nA 

-1 -2.3 -11 -12.3 

to to to to 

4 5.6 11 15.6 

-1 -11 
V 

to to 

4 11 

3 4.2 13 13.9 

3 13 
V 

2.5 3.8 11.5 12.7 

2.5 11.5 

-2.5 -3.5 -12 -13.2 

-2.5 -12 
V 

-2.3 -3.2 -11 -12 

-2.3 -11 

25 59 50 105 

30 74 60 145 V/mV 

20 43 30 76 
10'2 10'2 Q 

10 12 pF 

65 85 75 93 

65 83 75 90 dB 

65 84 75 93 

75 99 75 99 

75 98 75 98 dB 

75 99 75 99 

4.6 5.6 4.8 5.6 

4.5 6.4 4.7 6.4 mA 

4.4 6.4 4.6 6.4 

120 120 dB 

NOTES: 5. Typical values are based on the input ollsetvoltage 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. 

2-304 

6. For VCC ± = ± 5 V, Vo = ± 2.3 V; at VCC ± = ± 15 V, Vo = ± 10 V. 
9. This parameter is tested on a sample basis for the TL052A. For other test requirements, please contact the factory. This statement 

has no bearing on testing or nontesting of other parameters. 
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TL0521, TL052AI 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

operating characteristics 

PARAMETER TEST CONDITIONS TAt 
VCC± = ± 5 v VCC± = ±15V 

UNIT 
MIN TYP MAX MIN TYP MAX 

Positive slew rate 
25°C 17.8 13 20.7 

SR+ 
at unity gain RL = 2kn, 

-40°C 18.8 11 20.6 

85°C 16 11 20.7 
CL = 100 pF, 

25°e 15.4 13 17.8 
V/IlS 

SR-
Negative slew rate See Figure 1 and Note 7 

-400 e 16 11 17.8 
at unity gain 

we 14.5 11 17.2 

25°C 55 56 

tr Rise time -400 e 52 53 

VIPP = ± 10 mV, 
85°C 64 65 

25°e 55 57 
ns 

tf Fall time 
RL = 2kn, 

-400 e 51 53 
CL = 100 pF, 

85°C 64 65 See Figures 1 and 2 
25°e 24% 19% 

Overshoot factor -40°C 24% 19% 

85°e 24% 19% 
Equivalent input noise f = 10Hz 25°C 71 71 

nV/VHZ Vn 
voltage (see Note 10) RS = lOOn, f _ 1 kHz 25°e 19 19 30 
Peak-to-peak equivalent See Figure 3 f - 10Hzto 

VNPP input noise voltage 10kHz 
25°C 4 4 IlV 

In 
Equivalent input 

f = 1 kHz 25°e 0.01 0.01 pA/VHZ noise current 

THO Total harmonic distortion 
RS = 1 kn, RL = 2kn, 

25°e 0.003% 0.003% 
f = 1 kHz, See Note 8 

Vi = 10mV, RL = 2kn, 
25°e 3 3 

81 Unity-gain bandwidth -40°C 3.5 3.6 MHz 
eL = 25 pF, See Figure 4 

85°C 2.5 2.6 

Phase margin Vi = 10mV, RL = 2kn, 
25°C 60° 63° 

<Pm -400 e 58° 61° at unity gain eL = 25 pF, See Figure 4 
85°C 60° 63° 

t Full range is - 40°C to 85°C. 
NOTES: 7. ForVCe± = ±5V, VIPP = ±1 V;forVCC± = ±15V, VIPP = ±5V. 

8. For Vce ± = ± 5 V, Vo(rms) = 1 V; for Vee ± = ± 15 V, Vo(rms) = 6 V. 
10. This parameter is tested on a sample basis. For other test requirements, please contact the factory. This statement has no bearing 

on testing or nontesting of other parameters. 
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Tl052C, Tl052AC 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL052C 

Via Input offset voltage 
TL052AC 

Va ~ 0, 
Temperature coefficient VIC = 0, TL052C 

aYIO of input offset voltage RS = 50a 
(see Note 9) TL052AC 

Input offset voltage 

long-term drift (see Note 5) 

110 Input offset current 
Va = 0, VIC - 0, 
See Figure 5 

liB Input bias current 
YO = 0, VIC = 0, 
See Figure 5 

VICR 
Common-mode input 

voltage range 

RL=10kQ 

VOM+ 
Maximum pos~ive peak 

output voltage swing 
RL = 2 ka 

RL=10kQ 
Maximum negative peak 

VOM- output voltage swing 
RL = 2 ka 

Large-signal differential RL = 2ka, 
AVO voltage amplification See Note 6 

q Input resistance 

Ci Input capacitance 

Common-mode 
VIC = VICR min, 

CMRR 
rejection ratio 

Va = 0, 
RS = 50a 

Supply-voltage VCC± = ±5Vto:t15V, 

kSVR rejection ratio Va = 0, 

(t.vCC ± I AVIO) RS = 50a 

Supply current No load, 
ICC (four amplifiers) Va = 0 

Vol iV02 Crosstalk attenuation AVO = 100 

t Full range is O'C to 70'C. 

TAt 

25'C 

Full range 

25'C 

Full range 

25'Cto 

70'C 

25'C to 

70'C 

25'C 

25'C 

70'C 

25'C 

70'C 

25'C 

Full range 

25'C 

Full range 

25'C 

Full range 

25'C 

Full range 

25'C 

Full range 

25'C 

O'C 

70'C 

25'C 

25'C 

25'C 

O'C 
70'C 

25'C 

O'C 

70'C 

25'C 

O'C 

70'C 

25'C 

YCC:t = :t5Y YCC:t = :t15Y 
UNIT 

MIN TYP MAX MIN TVP MAX 

0.73 3.5 0.65 1.5 

4.5 2.5 
mY 

0.51 2.8 0.4 0.8 

3.8 1.8 

8 8 

v.VI'C 
8 6 25 

0.04 0.04 v.V/mo 

4 100 5 100 pA 

0.02 1 0.025 1 nA 

20 200 30 200 pA 

0.15 4 0.2 4 nA 
-1 -2.3 -11 -12.3 

to to to to 

4 5.6 11 15.6 
V 

-1 -11 

to to 

4 11 

3 4.2 13 13.9 

3 13 
V 

2.5 3.8 11.5 12.7 

2.5 11.5 

-2.5 -3.5 -12 -13.2 

-2.5 -12 

-2.3 -3.2 -11 
V 

-12 

-2.3 -11 

25 59 50 105 

30 65 60 129 V/mV 

20 46 30 85 
1012 1012 a 

10 12 pF 

65 85 75 93 

65 64 75 92 dB 

65 84 75 91 

75 99 75 99 

75 98 75 98 dB 
75 97 75 97 

4.6 5.6 4.8 5.6 

4.7 6.4 4.8 6.4 mA 

4.4 6.4 4-6 6.4 

120 120 dB 

NOTES: 5. 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. 

6. ForVCC:t = ±5V,VO = ±2.3V;atVCC:t = :t15V,VO = :t10V. 
9. This parameter is tested on a sample basis for the TL052A. For other test reqUirements, please contact the fectory. This statement 

has no bearing on testing or nontesting of other parameters. 
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operating characteristics 

PARAMETER TEST CONDITIONS 

Positive slew rate 
SR+ 

at unity gain RL = 2kil, 

eL = 100 pF, 

SR-
Negative slew rate See Figure 1 and Note 7 

at unity gain 

tr Rise time 

VIPP = ± 10 mY, 

tl Fall time 
RL = 2kO, 

eL = 100 pF, 
See Figures 1 and 2 

Overshoot lactor 

Vn 
Equivalent input noise 1= 10Hz 
voltage (see Note 10) RS = 1000, 1- 1 kHz 

Peak-to-peak equivalent See Figure 3 1= 10Hzto 
VNPP input noise voltage 10kHz 

In 
Equivalent input 

1= 1 kHz 
noise current 

THO T etal harmonic distortion 
RS = 1 kil, RL - 2kil, 
1= 1 kHz, See Note 8 

Vi = 10mV, RL = 2kil, 
B1 Unity-gain bandwidth 

eL = 25 pF, See Figure 4 

Phase margin Vi = 10mV, RL = 2kil, 
~m 

at unity gain eL = 25 pF, See Figure 4 

t Full range is o'e to 70'e. 

TAt 

25°C 
ooe 

70°C 

25°C 
ooe 

70°C 

25°C 
ooe 

70°C 
25°C 
ooe 

70°C 

25°C 
ooe 

70°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 
ooe 

70°C 

25°C 
ooe 

70'e 

TLdS2C, TL052AC 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

VCC± = ±5V VCC ± = ± 15 v 
UNIT 

MIN TVP MAX MIN TVP MAX 

17.8 13 20.7 

18.5 11 20.9 

16.5 11 20.8 
15.4 13 17.8 

V/~s 

15.7 11 18.5 

14.7 11 16.5 

55 56 

54 55 

63 63 

55 57 
ns 

54 56 

62 64 

24% 19% 

24% 19% 

24% 19% 

71 71 
nV/~ 

19 19 30 

4 4 ~V 

0.01 0.01 pN~ 

0.003% 0.003% 

3 3 
3.2 3.2 MHz 

2.6 2.7 

60° 63° 

59' 63' 

60' 63' 

NOTES: 7. ForVee± = ±5V, VIPP = ±1 V; lor Vee ± = ±15V, VIPP = ±5V. 
8. For Vee ± = ± 5 V, Vo(rms) = 1 V; lor Vee ± = ± 15 V, Vo(rms) = 6 V. 

10. This parameter is tested on a sample basis. For other test requirements, please contact the lactory. This statement has no bearing 
on testing or nontesting 01 other parameters. 
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TL052, TL052A 
ENHANC.ED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

>--+-'--VO 

NOTE A: CL includes fixture capacitance. 

FIGURE 1. SLEW RATE, RISE/FALL TIME, 
AND OVERSHOOT TEST CIRCUIT 

10 k.Q 

vo 

vcc-
RS RS 

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT 

tr - RISE TIME 

FIGURE 2. RISE TIME AND OVERSHOOT 
WAVEFORM 

NOTE A: CL includes lixture capacitance. 

FIGURE 4. UNITY-GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 

typical values 

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

GROUND SHIELD 

input bias and offset current 

At the picoamp-bias-current level typical of the 
TL052 and TL052A, accurate measurement of the 
bias current becomes difficult. Not only does this FIGURE 5. INPUT BIAS AND OFFSET 
measurement require a picoammeter, but test CURRENT TEST CIRCUIT 
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 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. 

noise 

2-308 

Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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Tl052, Tl052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

table of graphs 
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Supply-voltage rejection ratio 

Short-circuit output current 

Supply current 

Slew rate 

Overshoot factor 
Equivalent input noise voltage 
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Unity-gain bandwidth 

Phase margin 
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Pulse response 
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TL052, TL052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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DISTRIBUTION OF TL052 
INPUT OFFSET VOLTAGE 

VIO -Input Offset Voltege - mV 

FIGURE 6 

INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT 

vs 
FREE-AIR TEMPERATURE 

VCC + = ±15V 

Vo = 0 
vIC = 0 
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DISTRIBUTION OF TL052 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

172 Amplifiers tested from 2 

VCC± = ±15V 
TA = 25°C to 125°C 
P Packega 
One unit at - 34.6 Jl V 1°C 

(lVIO - Temperatura Coefflclent- Jl VloC 

FIGURE 7 

INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 

VCC± = ±15V 
TA = 25°C 

-'/ 

-15 -10 -5 o 5 10 

VIC - Common-Mode Input Vollege - V 

FIGURE 9 

tOata at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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TL052, TL052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 10 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

Vee± = ±5V 

~ 
TA = 25°e 
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~ 

RL = 600Q ~ '-.. RL = 1 kQ -
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FIGURE 12 
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FIGURE 11 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

Vee±=±15V 
TA = 25°e 

~ 
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-

RL = 2kQ 

K --- _ RLI = 10

1

kil- r--
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VIO - Olfferentlallnput Voltage -I1V 

FIGURE 13 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL052, TL052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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vs 
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FIGURE 14 
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f - Frequency - Hz 

FIGURE 16 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
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FIGURE 15 
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

RL = 10 kO 
TA = 25'C 

1\ VCC± = ±15V 

\ 
1\ 

\ 
VCC± = ±5V \ 
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1- Frequency - Hz 

FIGURE 17 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
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TL052, TL052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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MAXIMUM PEAK OUTPUT VOLTAGE 
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VCC±=±5V 
RL = 101Ul 

4 I'-... TA = 25°C 

"-
3 "" '" 
2 

o 
o 

5 

4 

3 

2 

0 

-1 

-2 

-3 

-4 

-5 

"- "" "'- ~OM+ 

VOM~ "-

"" "'r-.... 

" ...... 1'-.... 

" "-
4 8 12 16 

1101 - Output Current - mA 

FIGURE 18 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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VCC± = ±5V 
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RL = 21Ul 

RL = 10 kn 

1 1 

20 

-75 -50 -25 0 25 SO 75 100 125 

T A - Free-Air Temperature - °c 

FIGURE 20 
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FIGURE 21 
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TL052, TL052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

LARGE-SIGNAL VOLTAGE AMPLIFICATION 
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FIGURE 22 
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FIGURE 24 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
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FIGURE 23 

LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs 
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FIGURE 25 

tOata at high and low temperatures are applicable only within the rated operating free-air temper:ature ranges of the various devices. 
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TL052, TL052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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Tl052, Tl052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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SHORT-CIRCUIT OUTPUT CURRENT 
vs 

TIME 
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FIGURE 32 
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FIGURE 33 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Tl052, Tl052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

SUPPLY CURRENT SUPPLY CURRENT 
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FIGURE 34 

SLEW RATE 
vs 

LOAD RESISTANCE 

SR+ 

v:: v~ ~ SR-

VCC±=±5V 
CL = 100pF 
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See Figure 1 
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SLEW RATE 
vs 

LOAD RESISTANCE 
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CL = 100pF 
TA = 25'C 
See Figure 1 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL052, TL052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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SLEW RATE 
vs 

. FREE-AIR TEMPERATURE 

SR+ - r--:----r-... SR- -r---: 

VCC±=±5V 
RL = 2kn 
CL = 100 pF 
See Figure 1 
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FIGURE 38 

OVERSHOOT FACTOR 
vs 

LOAD CAPACITANCE 
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CL - Load Capacitance - pF 

FIGURE 40 
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SLEW RATE 
vs 

FREE-AIR TEMPERATURE 

SR+ 

SR- -

VCC± = ±15V 
RL = 2k.Q 
CL = 100 pF 
See Fll!ure 1 
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FIGURE 39 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

VC~'± = ±15V 
RS = 1000 
TA = 25'C 

\ See Figure 3 

1\ 

", 

100 1 k 10k 100k 

f - Frequency - Hz 

FIGURE 41 

tOata at high and low temperatures are applicable only within the rated operating free-ait temperature ranges of the various devices. 
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TL052, TL052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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TOTAL HARMONIC DISTORTION 
vs 

FREQUENCY 

Vee ± = ±15 V 
AVO = 1 
Vo(rms) = 6 V 
TA = 25°e 

1 k 10k 
f - Frequency - Hz 

FIGURE 42 

UNITY-GAIN BANDWIDTH 
vs 

FREE-AIR TEMPERATURE 

' ........... 
............. 

I"'--... -...... 
l"-

lOOk 

I"---
VCC± = ±5V to ±15V 
VI = 10mV 
RL = 2kO 
eL = 25pF 
See Figure 4 
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T A - Free-Air Temperature - °e 

FIGURE 44 
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UNITY-GAIN BANDWIDTH 
vs 

SUPPLY VOLTAGE 

Vi = 10mV 
RL = 2kO 
eL = 25pF 
TA = 25°e 
See Figure 4 

-:.---

2 4 6 8 10 12 14 
IVee ±I- Supply Voltage - V 

FIGURE 43 

PHASE MARGIN 
vs 

SUPPLY VOLTAGE 

./ 
,/"" 
~-

/ 
/ 

Vi = 10mV 
RL = 2kO 
CL = 25 pF 
TA = 25°e 
See Figure 4 

16 

o 2 4 6 8 10 12 14 16 
IVee ±I- Supply Voltage - V 

FIGURE 45 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL052, TL052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPUFIERS 

TYPICAL CHARACTERISTICSt 
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PHASE MARGIN 
vs 

LOAD CAPACITANCE 

Vi = 10mV 
RL = 2kn 
TA = 25'C _ 

", 
" ~ i Flre4 

See Note 1.;" 
~ "-

VCC± = ±15V 

~, '" VCC± = ±~ " " " " 
" "" '" o 10 20 30 40 50 60 70 80 90 100 

CL - Load Capacitance - pF 

FIGURE 46 

VOLTAGE-FOLLOWER 
SMALL-SIGNAL 

PULSE RESPONSE 

f\ 

.~ 

VI 

VCC± = ±15V 
RL = 2kn 
CL = 100 pF 
TA = 25'C 
See Figure 1 
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FIGURE 48 
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PHASE MARGIN 
vs 

FREE-AIR TEMPERATURE 

vJc± ='±15J 
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VCC±=±5V 
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Vi = 10mV 
RL = 21<0 
CL = 25pF 
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FIGURE 47 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL 

PULSE RESPONSE 

I I 

I 
VCC± = ±15V 
RL = 21<0 
CL = 100 pF 
TA = 25'C 
See Figure 1 

V 

\ 
\ 
\1/"'-

o 2 3 4 5 6 
t-Tlme-IJ.S 

FIGURE 49 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 11: Values of phase margin below a load capacitance of 25 pF were estimated. 
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output characteristics 

TL052, TL052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

All operating characteristics (except bandwidth and phase margin) are specified with 100-pF load 
capacitance. The TL052 and TL052A will drive higher capacitive loads; however, as the load capacitance 
increases, the resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or 
even oscillation. The value of the load capacitance at which oscillation occurs varies with production lots. If 
an application appears to be sensitive to oscillation due to load capacitance, adding a small reSistance in 
series with the load should alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if 
enough resistance is added in series with the output (see Figure 50). 

(8) CL = 100 pF, R = 0 (b) CL = 300 pF, R = 0 (c) CL = 350 pF, R = 0 

(d) CL = 1000 pF, R = 0 (e) CL 1000 pF, R = 50 11 (I) CL = 1000 pF, R = 2 kll 

FIGURE 50. EFFECT OF CAPACITIVE LOADS 

+5V 

-5V 

NOTE A: CL includes fixture capacitance. 

FIGURE 51. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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Tl052, Tl052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

input characteristics 

The TL052 and TL052A 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 TL052 and 
TL052A 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 52). 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. 

(a) NONINVERTING AMPLIFIER 

noise performance 

vo 

(b) INVERTING AMPLIFIER 

FIGURE 52. USE OF GUARD RINGS 

(e) UNITY-GAIN AMPLIFIER 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TL052 and TL052A result in a very low current noise. 
This feature makes the devices especially favorable over bipolar devices when using values of circuit 
impedance greater than 50 kn. 
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TL052, TL052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

instrumentation amplifier with adjustable gain/null 

The instrumentation amplifier in Figure 53 benefits greatly from the high input impedance and stable input 
offset voltage of th'e TL052A. Amplifiers U1 A, U1 B, and U2A form the actual instrumentation amplifier, while 
U2B provides offset null. Potentiometer R1 provides gain adjust. With R1 = 2 kil, the circuit gain equals 100, 
while with R1 = 200 kil, the circuit gain equals two. The following equation shows the instrumentation amplifier 
gain as a function of R1: 

AV = 1 + (R2:1R3) 

Readjusting the offset null is necessary whenever the circuit gain is changed. Note that if U2B is needed for ,. 
another application, R7 can be terminated at ground. The low input offset voltage of the TL052A minimizes 
the dc error of the circuit. For best matching, all resistors should be one percent tolerance. The matching f 
between R4, R5, R6, and R7 controls the CMRR of this application. .! 
The following equation shows the output voltages when the input voltage equals zero. This dc error can be 
nulled by adjusting the offset null potentiometer; however, any change in offset voltage over time or 
temperature also creates an error. To calculate the error from changes in offset, consider the three offset 
components in the equation as delta offsets rather than initial offsets. The improved stability of Texas 
Instruments enhanced JFETs minimizes the error resulting from change in input offset voltage with time. 
AssumirigVIN equals zero, Va can be shown as a function of the offset voltage: 

200kO 
>-~----vo 

vcc+ 

82kO 

t---.--~ 1 kO 

82kO 

vcc-
NOTE: U1A through U2B = TL052A; vee ± = ± 15 V. 

FIGURE 53. INSTRUMENTATION AMPLIFIER 
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TL052, TL052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

analog thermometer 

By combining a current source that does not vary over temperature with an instrumentation amplifier, a precise 
analog thermometer can be built (see Figure 54). Amplifier U1 A and IC1 establish a constant current through 
the temperature sensing diode 01. For this section of the circuit to operate correctly, the TL052 must use split 
supplies and R3 must be a metal film resistor with a low temperature coefficient. 

The temperature-sensitive voltage from the diode is compared to a temperature-stable voltage reference set 
by IC2. R4 should be adjusted to provide the correct output voltage when the diode is at a known temperature. 
Although this potentiometer resistance varies with temperature, the divider ratio of the potentiometer remains 
constant. 

Amplifiers U1 B, U2A, and U2B form the instrumentation amplifier that converts the difference between the o diode and reference voltage to a voltage proportional to the temperature. With switch S1 closed, the amplifier 
'a gain equals 5, and the output voltage is proportional to temperature in degrees Celsius. With S1 open, the 
~ amplifier gain is 9, and the output is proportional to temperature in degrees Fahrenheit. Every time that S1 
! is changed, R4 must be recalibrated. By setting S1 correctly, the output voltage equals 10 mV per degree 
0' (C or F). 
j 

e!. 

2-324 

IC1 

R9 R12 
C1 

101Ul 10kn 
150pF 

R1 

1001Ul 
+ 15V 

R5 R7 

10kQ 5kQ 5kQ 

(see Note B) 81 

01 (see Note C) 
(_Note A) + 15V -15V 

R2 1001Ul R8 

R10 

IC2 10kn 
R4 
50kQ R11 10kn 

NOTES: A. Temperature sensing diode = (- 2 mV/oC). 
B. Metal film (low temperature coefficient). 
C. Switch open for OF and closed for °c. 
D. Vo ~ Temperature; 10 mVrC or 10 mV/'F. 
E. U1A through U2B • TL052. IC1, IC2 = LM385, L 11004. or LT1009 voltage reference. 

FIGURE 54. ANALOG THERMOMETER 
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phase meter 

Tl052, Tl052A 
ENHANCED JFET PRECISION 

DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

The phase meter in Figure 55 produces an output voltage of 10 mV per degree of phase delay between the 
two input signals VA and VB' The reference signal VA must be the same frequency as VB' The TLC3702 
comparators (U 1) convert these two input sine waves into ± 5 V square waves. Then R 1 and R4 provide level 
shifting prior to the SN74HC109 dual J-K flip flops. 

Flip-flop U2B is connected as a toggle flip-flop and generates a square wave at half the frequency of VB' Flip-
flop U2A also produces a square wave at half the input frequency. The pulse duration of U2A varies from zero 2 
to half the period, where zero corresponds to zero phase delay between VA and VB and half the period 
corresponds to VB lagging VA by 360 degrees. ' 

The output pulse from U2A causes the TLC4066 (U3) switch to charge the TL052 (U4) integrator capacitors 
C1 and C2. As the phase delay approaches 360 degrees, the output of U4A approximates a square wave, ~ 
and U2A has an output of almost 2.5 V. U4B acts as a noninverting amplifier with a gain of 1.44 in order to .! 
scale the 0- to 2.5-V integrator output to a O-to 3.6-V output range. :!: 

Q. 
RS and RiO provide output gain and zero-level calibration. This circuit operates over a 100-Hz to 10-kHz E 
frequency range. <c 

R4 
100kQ 

+5V 

NOTES: U1 = TLC3702; VCC ± = ± 5 V. 
U2 = SN74HC109. 
U3 = TLC4066. 
U4 = TL052; VCC ± = ±5 V. 

FIGURE 55. PHASE METER 
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Tl052, Tl052A 
ENHANCED JFET PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

precision constant-current source over temperature 

A precision current source benefits from the high input impedance and stability of Texas Instruments enhanced 
JFET process. A low-current shunt regulator maintains 2.5 V between the inverting input and the output of 
the TL052. The negative feedback then forces 2.5 V across the current setting resistor R; therefore, the current 
to the load is simply 2.5 V divided by R. 

Possible choices for the shunt regulator include ~he L T1004, L T1009, and LM385. Note that if the regulator's 
cathode connects to the op amp output, this circuit will source load current. Similarly, if the cathode connects 
to the inverting input, the circuit will sink current from the load. To minimize output current change with 
temperature, R should be a metal film resistor with a low temperature coefficient. Also, this circuit must be 
operated with split voltage supplies. 

150pF 150pF 

U2 U2 

+ 15V + 15V 

R Load R Load 
V = Oto10V V = Oto-10V 

(a) SOURCE CURRENT LOAD (b) SINK CURRENT LOAD 

NOTES: tel = LM385, LT1004, or LT1009 vottage reference. 
UtA = TL052. 

t = 2.5 V, R = Low temperature coefficient metatlitm resistor. R . 

FIGURE 56. PRECISION CONSTANT-CURRENT SOURCE 
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• Maximum Offset Voltage ••• 1.5 mV 
(TL054A) 

• High Slew Rate ... 15.9 VlIlS Typ at 25°C 

• Low Total Harmonic Distortion ••• 0.003% 
Typ at RL = 2 kn 

• Low Noise Voltage ••• 21 nV/-.fHz 
Typ atf = 1 kHz 

• Low Input Bias Currents •.• 30 pA Typ 

• Monolithic Construction 

description 

TA 

O°C 
to 

The TL054 and TL054A quad operational 
amplifiers incorporate well-matched, high-voltage 
JFET and bipolar transistors in a monolithic 
integrated circuit. These devices offer the 
significant advantages of Texas Instruments new 
enhanced JFET process. This process affords 
not only low initial offset voltage due to the on­
chip zener trim capability but also stable offset 
voltage over time and temperature. In 
comparison, traditional JFET processes are 
plagued by significant offset voltage drift. 

This new enhanced process still maintains the 
traditional JFET advantages of fast slew rates 
and low input bias and offset currents. These 
advantages coupled with low noise and low 
harmonic distortion make the TL054 well-suited 
for new state-of-the-art designs as well as 
existing design upgrades. The TL054 has been 
deSigned to be functionally compatible, as well as 
pin compatible, with the TL074 and TL084. 

Two offset voltage grades are available: 
TL054 (4 mV max) and TL054A (1.5 mV max). 

AVAILABLE OPTIONS 

PACKAGE 
VIOmax SMALL- CHIP CERAMIC PLASTIC 
AT 25°C OUTLINE CARRIER DIP DIP 

(D} (FK} (J} (N} 

1.SmV TlO54ACD - TlO54ACJ TlO54ACN 

70°C 4 mV TlOS4CD - TlO54CJ TlO54CN 
40°C 1.5 mV TL054AID - TlO54AIJ TlO54AIN 
to 

85°C 4mV TlO541D - TlOS41J TlO54IN 
-55°C 1.SmV Tl054AMD Tl054AMFK TlO54AMJ TL054AMN 

to 
125°C 4mV TL054MD TL054MFK TL054MJ TL054MN 

o packages are available taped-and-reeled. Add "R" suffix to device 
type (e.g., TL054CDR). 

PRODUCTION DATA documanls contsln Inlormation 
carnnt as of publlcallon dais. Products conform 10 . 
:r:C«IClllons par Ihe lerms .f Taxas Inslrumanls 
n,c~=I~yar~rJli r::lf~:I~~~R~:aS:::MB~'S nol 

TEXAS • 
INSTRUMENlS 

TL054, TL054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 
03236, JUNE 1988 - REVISED JANUARY 1989 

D, J, or N PACKAGE 
(TOP VIEW) 

l1N+ 4 

NC 5 

VCC+ 6 
NC 7 

21N + 8 

4 OUT 
41N-
41N + 

VCC-
31N + 
31N-

FK PACKAGE 
(TOP VIEW) 

3 2 1 20'19 

9 10111213 

11-01- I 
z::>z::>z -0 0-
NC\,I C")M 

NC - No internal connection 

DISTRIBUTION OF TL054A 
INPUT OFFSET VOLTAGE 

15r---~--'----r--~--~---' 

-1.2 -0.6 0 0.6 1.2 1.8 
VIO - Input Offset Voltage - mV 

Copyright © 1989. Tex.s Instruments Incorporaled 
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TL054,TL054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

description (continued) 

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

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

equivalent schematic (each amplifier) 

Q2 

Q3 

IN + ___ -+-_---, 

RS +---"M--+--+- Vo 
R8 

C1 
Q17 

os 
Q9 Q14 

R10 02 
R4 

symbol (each amplifier) 
vcc-

IN-=b>-OUT 
IN+ + 

2-328 TEXAS ,If 
INSlRUMENlS 

POST OFFICE BOX 655012· DALLAS, TEXAS 75265 



Tl054, Tl054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

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

Supply voltage, Vee + (see Note 1) ..................................................... 18 V 
Supply voltage, Vee _ (see Note 1) .................................................... -18 V 
Differential input voltage (see Note 2) ................................................... ± 30 V 
Input voltage range, VI (any input, see Notes 1 and 3) ...................................... ± 15 V 
Input current, II (each input) .......................................................... ± 1 mA 
Output current, 10 (each output) ..................................................... ± 80 mA 
Total current into Vee + terminal ..................................................... 160 mA 
Total current out of Vee _ terminal ................................................... 160 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ............................ Unlimited PI 
eontin~ous total.dissipation ..... : ..... : ............................ See Dissipation ~ating Ta~le 
Operating free-air temperature, T A. M-sufflx .................................... - 55 e to 125 e 

I-suffix ..................................... - 40°C to 85°C 
e-suffix ....................................... ooe to 70°C ~ 

Storage temperature range .......... ~ ........................................ - 65°C to 150°C 4) 

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 "5. 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ..................... 300°C E 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input with respect to the inverting input. 
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 either supply. Temperature and/or supply voltages must be limited to ensure that the 

maximum dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 

TA'; 25°C DERATING FACTOR TA = 70°C TA = 85°C TA = 125°C 
PACKAGE 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING POWER RATING 

D 950mW 7.6 mW/oC 608mW 494mW 190mW 

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

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

N 1575 mW 12.6 mWI"C 1008 mW 819mW 230mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee ±5 ±15 ±5 ±15 ±5 ±15 

Common-mode input voltage, Vie 
I Vec± = ±5V -1 4 -1 4 -1 4 

IVCC+=±15V -11 11 -11 11 -11 11 

Operating free·air temperature, T A -55 125 -40 85 0 70 
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TL054M, ·TL054AM 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL054M 

VIO Input offset voltage 
TL054AM 

Vo ~ 0, 
VIC ~ 0, TL054M 

Temperature coefficient 
RS = 50Q aVIO of input offset voltage 

TL054AM 

Input offset voltage 
long-term drift (see Note 5) 

110 Input offset current 
Vo ~ 0, VIC ~ 0, 
See Figure 5 

liB Input bias current 
Vo ~ 0, VIC = 0, 
See Figure 5 

VICR 
Common-mode input 
voltage range 

RL ~ 10k.ll 

VOM+ 
Maximum positive peak 
output voltage swing 

RL ~ 2k.1l 

RL ~ 10k.ll 
Maximum negative peak 

VOM- output voltage swing 
RL ~ 2k.1l 

Large-signal differential RL ~ 2k.1l, 
AVO voltage amplification See Note 6 

ri Input resistance 

Ci Input capacitance 

Common-mode VIC ~ VICR min, 
CMRR 

rejection ratio 
Vo ~ 0, 
RS ~ 50Q 

Supply-voltage VCC± ~ :l:5Vto±15V, 

kSVR rejection ratio Vo ~ 0, 
(,WCC ± I AVIO) RS ~ 50Q 

Supply current No load, 
ICC (four amplifiers) Vo ~ 0 

Vol/V0 2 Crosstalk attenuation AVO - 100 

t Full range is - 55°C to 125°C. 

TAt 

25°C 
Full range 

25°C 
Full range 
25°C to 
125°C 
25°C to 
125°C 

25°C 

25°C 
125°C , 
25°C 

125°C 

25°C 

Full range 

25°C 
Full range 

25°C 
Full range 

25°C 
Full range 

25°C 
Full range 

25°C 
-55°C 
125°C 
25°C 
25°C 
25°C 

-55°C 
125°C 
25°C 

-55°C 
125°C 
25°C 

-55°C 
125°C 
25°C 

VCC:I: = :l:5V VCC:I: = :I: 15 V 
UNIT 

MIN TYP MAX MIN TYP MAX 
0.64 5.5 0.56 4 

10.5 9 
mV 

0.57 3.5 0.5 1.5 
8.5 6.5 

21 20 
IJ,VioC 

21 20 

0.04 0.04 IJ,V/mo 

4 100 5 100 pA 
1 20 2 20 nA 

20 200 30 200 pA 
10 50 20 50 nA 

-1 -2.3 -11 -12.3 
to to to to 
4 5.6 11 15.6 

V 
-1 -11 

to to 
4 11 
3 4.2 13 13.9 
3 13 

V 
2.5 3.8 11.5 12.7 
2.5 11.5 

-2.5 -3.5 -12 -13.2 
-2.5 -12 
-2.3 -3.2 -11 

V 
-12 

-2.3 -11 
25 72 50 133 
30 99 60 209 V/mV 
10 35 15 35 

1012 1012 Q 
10 12 pF 

65 84 75 92 
65 83 75 92 dB 
65 84 75 93 
75 99 75 99 
75 98 75 98 dB 
75 100 75 100 

8.1 11.2 8.4 11.2 
7.8 12.8 8.1 12.8 mA 
7.1 11.2 7.5 11.2 
120 120 dB 

NOTES: 5. 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. 

6. ForVCC:I: = ±5V,VO ~ ±2.3V;atVcc± ~ ±15V,VO = ±10V. 
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operating characteristics 

PARAMETER TEST CONDITIONS 

Positive slew rate 
SR + 

at unity gain RL = 2kil, 

eL = 100 pF, 

SR-
Negative slew rate See Figure 1 and Note 7 

at unity gain 

tr Rise time 

VIPP = ± 10 mV, 

tl Fall time 
RL = 2 ka, 

eL = 100 pF, 

See Figures 1 and 2 

Overshoot lactor 

Vn 
Equivalent input noise 1= 10Hz 

vo~age RS = 100 a, 1- 1 kHz 

VNPP 
Peak-to-peak equivalent See Figure 3 . 1= 10 Hz to 
input noise voltage 10kHz 

In 
Equivalent input 

noise current 
I = 1 kHz 

THO Total harmonic distortion 
RS = 1 ka, RL = 2kil, 
1= 1 kHz, See Note 8 

Vi = 10mV, RL = 2kil, 
61 Unity-gain bandwidth 

eL = 25 pF, See Figure 4 

Phase margin Vi = 10 mV, RL = 2 kil, 
.pm 

at unity gain eL = 25 pF, See Figure 4 

t Full range is - 55°e to 125°e. 

TAt 

25°e 

-55°e 

125°e 

25°e 

-55°e 

125°e 

25°e 

-55°e 

125°e 

25°e 
-55°e 

125°e 

25°e 

-55°e 

125°e 

25°e 

25°e 

25°e 

25°e 

25°e 

25°e 

-55°e 

125°e 

25°e 

-55°e 

125°e 

TL054M. TL054AM 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

VCC± = ±5V VCC ± = ± 15V 
UNIT 

MIN TYP MAX MIN TYP MAX 

15.4 10 17.8 

1Ej.7 18.3 

12.9 16.7 

13.9 10 15.9 
V/J1.s 

14.7 16.3 

12.2 14.5 

55 56 

51 52 

68 68 

55 57 
ns 

51 52 

68 69 

24% 19% 

25% 19% 

25% 19% 

75 75 
nV/% 

21 21 

4 4 J1.V 

0.Q1 0.01 pA/% 

0.003% 0.003% 

2.7 2.7 

3.4 3.4 MHz 

2.1 2.1 

61° 64° 

58° 62° 

60° 64° 

NOTES: 7. For Vee ± = ± 5 v, VIPP = ± 1 V; lor Vee ± = ± 15 V, VIPP = ± 5 V. 
8. For Vee ± = ± 5 V, Vo(rms) = 1 V; lor Vee ± = ± 15 V, Vo(rms) = 6 V. 
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TL0541, TL054AI 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL0541 

VIO Input offset voltage 

TL054A1 

Vo • 0, 

VIC. 0, TL0541 
Temperature coefficient 

RS • 50n aVIO of input offset voltage 
TL054AI 

Input offset voltage 

long-term drill (see Note 5) 

110 Input offset current 
Vo = 0, VIC = 0, 
See Figure 5 

lIB Input bias current 
Vo = 0, VIC = 0, 
See Figure 5 

VICR 
Common-mode input 

voltage range 

RL = 10kf.l 
Maximum positive peak 

VOM+ output voltage swing 
RL = 2kf.l 

RL = 10kf.l 
Maximum negative peak 

VOM- output voltage swing 
RL = 2kf.l 

Large-signal differential RL = 2kf.l, 
AVO voltage amplification See Note 6 

q Input resistance 

Ci Input capacitance 

Common-mode 
VIC = VICR min, 

CMRR 
rejection ratio 

Vo = 0, 
RS. son 

Supply-voltage VCC± = :1:5 V to:!: 15V, 

kSVR rejection ratio Vo = 0, 

(aVcc ± / aVIO) RS = son 

Supply current No load', 
ICC (four amplifiers) Vo = 0 

Vol N 02 Crosstalk attenuation AVO = 100 

t Full range is - 40°C to 85°C. 

TAt 

25°C 

Full range 

25°C 

Full ranlte 

25°C to 

85°C 

25°C to 
85°C 

25°C 

25°C 

85°C 

25°C 

85°C 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

-40'<:: 

85°C 

25°C 

25°C 

25°C 

-40°C 

85°C 

25°C 

-40°C 

85°C 

25°C 

-40°C 

85°C 

25°C 

VCC:!: = :l:5V VCC:!: = :I: 15V UNIT MIN TYP MAX MIN TYP MAX 
0.64 5.5 0.56 4 

8.8 7.3 
mV 

0.57 3.5 0.5 1.5 

6.8 4.8 

25 24 
IIV/oC 

25 23 

0.04 0.04 IlVimO 

4 100 5 100 pA 

0.06 10 0.07 10 nA 

20 200 30 200 pA 

0.6 20 0.7 20 nA 

-1 -2.3 -11 -12.3 

to to to to 

4 5.6 11 15.6 
V 

-1 -11 

to to 

4 11 

3 4.2 13 13.9 

3 13 

2.5 11.5 12.7 
V 

3.8 

2.5 11.5 

-2.5 -3.5 -12 -13.2 

-2.5 -12 

-2.3 -3.2 -11 -12 
V 

-2.3 -11 

25 72 50 133 

30 101 60 212 VimV 

20 50 30 70 

1012 1012 n 

10 12 pF 

65 84 75 92 

65 83 75 92 dB 

65 64 75 93 

75 99 75 99 

75 98 75 99 dB 

75 99 75 99 

8.1 11.2 8.4 11.2 

7.9 12.8 8.2 12.8 mA 

7.6 11.2 7.9 11.2 

120 120 dB 

NOTES: 5. Typical values are based on the input offset voltage shill 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. 

6. ForVCC± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±10V. 
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TL0541, TL054AI 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

operating characteristics 

PARAMETER TEST CONOmONS TAt 
VCC:I: = :l:5V VCC:I: = :l:15V 

UNIT 
MIN TYP MAX MIN TYP MAX 

Positive slew rate 
25°C 15.4 10 17.8 

SR+ 
at unity gain RL = 2kn, 

-400 e 16.4 8 18 

85°e 14 8 17.3 
CL = 100 pF, 

25°e 13.9 10 15.9 
V/JJ.S 

SR-
Negative slew rate See Figure 1 and Note 7 

-400 e 14.7 8 16.1 
at unity gain 

85°e 13 8 15.3 

25°Q 55 56 

tr Rise time -400 e 52 53 

VIPP = :I: 10 mY. 
85°e 64 65 

25°C 55 57 
ns 

tf Fall time 
RL = 2kn, 

-40°0 51 53 
eL = 100 pF, 

85°e 64 65 
See Figures 1 and 2 

25°e 24% 19% 
Overshoot factor -400 e 24% 19% 

85°e 24% 19% 

Vn 
Equivalent input noise I. 10Hz 25°e 75 75 

nV/VHz 
vottage (see Note 9) RS = 1000, 1= 1 kHz 25°e 21 21 45 

VNPP 
Peak-to-peak equivalent Sae Figure 3 1= 10 Hz to 

input noise voltage 10kHz 
25°e 4 4 j1V 

In 
Equivalent input 

1= 1 kHz 25°e 0.01 0.01 pA/VHz 
noise current 

THO Total harmonic distortion 
RS=lkn, RL - 2kn, 

25°e 0.003% 0.003% 
1= 1 kHz, See Note 8 

Vi = 10mV, RL = 2kn, 
25°e 2.7 2.7 

Bl Unity-gain bandwidth -:,\ooe 3.3 3.3 MHz 
eL = 25 pF, See Figure 4 

85°e 2.3 2.4 

Phase margin Vi = 10mV, RL = 2kn, 
25°C 61° 64° 

4>m -400 e 59' 62° 
at unity gain CL = 25 pF, See Figure 4 

85°e 61° 64° 

t Full range is - 400 e to 85°e. 
NOTES: 7. For Vee:l: = ± 5 v, VIPP = :I: 1 V; for Vee:l: = ± 15 V, VIPP = ± 5 V. 

8. For Vee ± = ± 5 V, Vo(rms) = 1 V; lor Vee ± = ± 15 V, Vo(rms) = 6 V. 
9. This parameter is tested on a sample basis. For other test requirements, please contact the lactory. This statement has no bearing 

on testing or nontestlng 01 other parameters. 
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TL054C, TL054AC 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics 

PARAMETER TEST CONDITIONS 

TL054C 

Via Input offset voltage 

TL054AC 

Va = 0, 

VIC = 0, TL054C 
Temperature coefficient 

"via of input offset voltage 
RS = son 

TL054AC 

Input offset voltage 

long-term drift (see Note 5) 

110 Input offset current 
Va - 0, VIC - 0, 
See Figure 5 

liB Input bias current 
Va = 0, VIC = 0, 
See Figure 5 

VICR 
Common-mode input 

vottage range 

RL = 10kn 

VOM+ 
Maximum positive peak 

output voltage swing 
RL = 2 kn 

RL=10kn 

VOM-
Maximum negative peak 

output voltage swing 
RL = 2 kn 

Large-signal differential RL = 2kn, 
AVD 

voltage amplification See Nole 6 

r; Input resistance 

Ci Input capacitance 

Common-mode 
VIC = VICR min, 

CMRR 
rejection ratio 

Va = 0, 
RS = 50n 

Supply-voltage VCC± = ±5Vto±15V, 

kSVR rejection ratio Va = 0, 

(8VCC ± 18V10) RS = 50n 

Supply current No load, 
ICC (four amplifiers) Va = 0 

VoIIV02 Crosstalk attenuation AVD = 100 

t Full range is O°C to 70°C. 

TAt 

25°C 

Full range 

25°C 
Full range 

25°C to 

70°C 

25°C to 

70°C 

25°C 

25°C 

70°C 

25°C 

70°C 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 

Full range 

25°C 
(jOc 

70°C 

25°C 

25°e 

25°C 

O°C 
70°C 

25°C 

O°C 

70°C 

25°C 

O°C 
70°C 

25°C 

VCC± = ±5V Vee± = ± 15 v 
UNIT 

MIN TYP MAX MIN TYP MAX 

0.64 5.5 0.56 4 

7.7 6.2 

0.57 3.5 0.5 1.5 
mV 

5.7 3.7 

25 23 
jJ.V/oC 

24 23 

0.04 0.04 jJ.V/mo 

4 100 5 100 pA 

0.02 1 0.025 1 nA 

20 200 30 200 pA 
0.15 4 0.2 4 nA 

-1 -2.3 -tl -12.3 

to to to to 
4 5.6 11 15.6 

-1 -11 
V 

to to 

4 11 

3 4.2 13 13.9 

3 13 
V 

2.5 3.8 11.5 12.7 

2.5 11.5 

-2.5 -3.5 -12 -13.2 

-2.5 -12 
V 

-2.3 -3.2 -II -12 

-2.3 -II 

25 72 50 133 

30 88 60 173 V/mV 

20 57 30 85 

1012 1012 n 

10 12 pF 

65 84 75 92 

65 84 75 92 dB 

65 84 75 93 

75 99 75 99 

75 99 75 99 dB 

75 99 75 99 
8.1 11.2 8.4 11.2 

8.2 12.8 8.5 12.8 mA 
7.9 11.2 8.2 11.2 

120 120 dB 

NOTES: 5. 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. 

6. ForVCC± = ±5V,VO = ±2.3V;atVcc± = ±15V,VO = ±IOV. 
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TL054C, TL054AC 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

operating characteristics 

PARAMETER TEST CONDITIONS TAt 
VCC:t = :t5V VCC:t = :t15V 

UNIT 
MIN TYP MAX MIN TYP MAX 

Positive slew rate 
25'C t5.4 to 17.8 

SR+ 
at unity gain RL = 21«1, 

O'C 15.7 8 17.9 

70'C 14.4 8 17.5 
CL = 100 pF, 

25'C 13.9 10 15.9 
V/.".s 

SR-
Negative slew rate See Figure 1 and Note 7 

O'C 14.3 8 16.1 
at unity gain 

70'C 13.3 8 15.5 

25'C 55 56 

tr Rise time O'C 54 55 

VIPP = ± 10 mV, 
70'C 63 63 

25'C 55 57 
ns 

tf Fall time 
RL = 21«1, 

O'C 54 56 
CL = 100 pF, 

70'C 62 64 
See Figures 1 and 2 

25'C 24% 19% 
Overshoot lactor O'C 24% 19% 

70'C 24% 19% 

Vn 
Equivalent input noise 1= 10Hz 25'C 75 75 

nV/VHz 
voHage (see Note 9) RS = lOOn, 1= 1 kHz 25'C 21 21 45 

VNPP 
Peak-to-peak equivalent See Figure 3 1= 10Hzto 

input noise voltage 10kHz 
25'C 4 4 .".V 

In 
Equivalent input 

1= 1 kHz 25'C 0.01 O.ot pA/VHz 
noise current 

THO Total harmonic distortion 
RS=lkn, RL = 21«1, 

25'C 0.003% 0.003% 
1= 1 kHz, See Note 8 

Vi = 10mV, RL = 21«1, 
25'C 2.7 2.7 

Bl Unity-gain bandwidth O'C 3 3 MHz 
CL = 25 pF, See Figure 4 

70'C 2.4 2.4 

Phase margin VI. 10mV, RL = 21«1, 
25'C 61' 64' 

'm O'C 60' 64' at unity gain CL = 25 pF, See Figure 4 
70'C 61' 63' 

t Full range Is O'C to 70'C. 
NOTES: 7. ForVeC:t. :t5V,VIPP = :tlV;lorVCC±. ±15V,VIPP. :t5V. 

8. For Vce ± = ± 5 V, Vo(rms) • 1 V; lor VCC ± • ± 15 V, Vo(rrns) • 6 V. 
9. This parameter Is tested on a sample basis. For other test requirements, please contact the lactory. This statement has no bearing 

on testing or nontestlng 01 other parameters. 
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TL054, TL054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

>--+-,,--vo 

NOTE A: CL includes fixture capacitance. 

FIGURE 1. SLEW RATE, RISEfFALL TIME, 
AND OVERSHOOT TEST CIRCUIT 

10kO 

Vo 

Vee-
RS RS 

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT 

typical values 

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

input bias and offset current 

At the picoamp-bias-current level typical of the 
TL054 and TL054A, accurate measurement of the 

10% 

tr - RISE TIME 

FIGURE 2. RISE TIME AND OVERSHOOT 
WAVEFORM 

10kO 

VI 1000 >--+-..-_vo 

NOTE A: CL includes fixture capacitance. 

FIGURE 4. UNITY·GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 

bias current becomes difficult. Not only does this FIGURE 5. INPUT BIAS AND OFFSET 
measurement require a picoammeter, but test CURRENT TEST CIRCUIT 
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 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. 

noise 

Because of the increasing emphasis on low noise levels in many of today's applications, the input noise voltage 
density is sample-tested at f = 1 kHz. Texas Instruments also has additional noise testing capability to meet 
specific application requirements. Please contact the factory for details. 
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Tl054, Tl054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TL054,TL054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

DISTRIBUTION OF TL054 
INPUT OFFSET VOLTAGE 

DISTRIBUTION OF TL054 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 
50r---~--~---r--~--~--~ 

25 
'#. 
I 

j 
'a 

201---+--1---1-

~ 
'S 151---+---+--+-1 
II 

f 
I 

101---+---+--+-1 

51---+---+--

oL-"""'-.... 
-4 -3 -2 -1 0 2 3 4 

100 

1 
I I 10 

I 
1 i 0.1 

I 

~ 
i 0.01 
II 

~ 
I 0.001 

25 

VIO -Input Offset Voltage - mV 

FIGURE 6 

INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT 

vs 
FREE-AIR TEMPERATURE 

VCC± = ±15V 

Vo = 0 
VIC = 0 

liB 
./ 

110 

./ /' 

./' 

45 85 85 105 
T A - Free-Air Temperature - °C 

FIGURE 8 

./ 

/ 

125 

from 3 wafer lots 

VCC± = ±15V 

'#. 40 1----1-­ TA = 25°C to 125°C 
N Package I 

! 
, 30 

'S r 
10 

10 

1 5 
I 

J 
j o 

i 
I 
~ -5 

-10 

-40 -20 o 20 40 
«VIO - Temperature Coefficient - 11 VlOC 

FIGURE 7 

INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 

Vee ± = ±15V 
TA = 25°C 

./' 
V 

-15 -10 -5 o 5 10 
VIC - Common-Mode Input Voltage - V 

FIGURE 9 

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

60 

15 
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Tl054, Tl054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 10 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

VCC± = ±5V 

\\ 
TA = 25'C 

'\~ 
,,~ , 
~ 

RL = 600£1 ~ ........... RL=1kn 
RL = 2kn ~ RL = 10kn 

-

-

-200 -100 o 100 200 
VID - Differential Input Voltage -I1V 

FIGURE 12 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices . 
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TL054, TL054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the iated operating free-air temperature ranges of the various devices. 
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ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Tl054, Tl054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL054, TL054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLO~4, TL054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
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TL054, TL054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL054, TL054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 49 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 11: Values of phase margin below a load capacitance of 25 pF were estimated. 
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o~tp~t characteristics 

TL054, TL054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

All operating characteristics (except bandwidth and phase margin) are specified with 100-pF load 
capacitance. The TL054 and TL054A will drive higher capacitive loads; however, as the load capacitance 
increases, the resulting response pole occurs at lower frequencies, thereby causing ringing, peaking, or even' 
oscillation. The value of the load capacitance at which oscillation occurs varies with production lots. If an 
application appears to be sensitive to oscillation due to load capacitance, adding a small resistance in series 
with the load should alleviate the problem. Capacitive loads of 1000 pF and larger may be driven if enough 
resistance is added in series with the output (see Figure 50). 

(s) CL = 100 pF, R = 0 (b) CL = 300 pF, R = 0 (e) CL = 350 pF, R = 0 

(d) CL = 1000 pF, R = 0 (e) CL 1000 pF, R = 50 U (I) CL = 1000 pF, R = 2 kU 

FIGURE 50. EFFECT OF CAPACITIVE LOADS 

+5V >-__ ----"'I'v--+- Vo 

-5V 

2kU 

NOTE A: CL includes fixture capacitance. 

FIGURE 51. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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Tl054, Tl054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

input characteristics 

The TL054 and TL054A 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 TL054 and 
TL054A 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 a 
good practice to include guard rings around inputs (see Figure 52). 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. 

(a) NONINVERTING AMPLIFIER 

noise performance 

Vo 

(b) INVERTING AMPLIFIER 

FIGURE 52. USE OF GUARD RINGS 

(c) UNITY-GAIN AMPLIFIER 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TL054 and TL054A result in very low current noise. 
This feature makes the devices especially favorable over bipolar devices when using values of circuit 
impedance greater than 50 kn. . 
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TL054, TL054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

instrumentation amplifier with adjustable gain/null 
The instrumentation amplifier in Figure 53 benefits greatly from the high input impedance and stable input 
offset voltage of the TL054A. Amplifiers Ul A, Ul B, and Ul C form the actual instrumentation amplifier, while 
U1D provides offset nUll. Potentiometer Rl provides gain adjust. With Rl = 2 kn, the circuit gain equals 100, 
while with Rl = 200 kO, the circuit gain equals two. The following equation shows the instrumentation amplifier 
gain as a function of Rl: 

AV = 1 + (R2;lR3) 

Readjusting the offset null is necessary whenever the circuit gain is changed. Note that if Ul D is needed for PI 
another application, R7 can be terminated at ground. The low input offset voltage of the TL054A minimizes 
the dc error of the circuit. For best matching, all resistors should be one percent tolerance. The matching ~ 
between R4, R5, R6, and R7 controls the CMRR of this application. .! 
The following equation shows the output voltages when the input voltage equals zero. This dc error can be 
nulled by adjusting the offset null potentiometer; however, any change in offset voltage over time or 
temperature also creates an error. To calculate the error from changes in offset, consider the three offset 
components in the equation as delta offsets rather than initial offsets. The improved stability of Texas 
Instruments enhanced JFETs minimizes the error resulting from change in input offset voltage with time. 
Assuming VIN equals zero, Vo can be shown as a function of the offset voltage: 

[ R3 ( R7 ) ( R6 ) R6 ( R2 )U (R6 ) - VIOl R1 R5 + R7 1 + R4 + R4 1 + R1~ + VI03 1 + R4 

200 k(l 
>-....... ----vo 

82k(l 

1-_-~1k(l 

82k(l 

vcc-

NOTE A: U1A through U1D = TL054A; Vee ± = ± 15 V. 

FIGURE 53. INSTRUMENTATION AMPLIFIER 
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TL054, TL054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

high input impedance log amplifier 

2-352 

The low input offset voltage and high input impedance of the TL054A create a precision log amplifier (see 
figure 54). IC1 is a 2.5-V, low-current precision, shunt regulator. Transistors 01 and 02 must be a closely 
matched NPN pair~ For best performance over temperature, R4 should be a metal film resistor with a low 
temperature coefficient. 

In this circuit, U1 A serves as a high-impedance unity-gain buffer. Amplifier U1 B converts the input voltage 
to a current through R1 and 01. Amplifier U1 C, IC1, and R4 form a 1 I!A temperature-stable current source 
that sets the base-emitter voltage of 02. Amplifier U1 D then amplifies the difference between the base-emitter 
voltage of 01 and 02. The output voltage is given by the following equation: 

[ 
R6]kT[ VI J wherek = 1.38x10-23,q = 1.602 x 10-19, 

Vo = - 1 + R5 q In (R1 x 1 x 10 -6) and T is in kelvins. 

R5 
.-__ ~~ __ +--;~~ 10kO 

- 15V 

NOTES: U1A thru U1 D = TL054A. 
IC1 = LM385, LT1004, or LT1009 voltage reference. 

III -0.1 
'0 
I 
c 1-0.15 

~ -0.2 
c( 

& 
! -0.25 

~ 
]j 03 'E - . 
l!! 
;fl 
Q -0.35 
I 

~ -0.4 

\ 
\ 

o 

FIGURE 54. LOG AMPLIFIER 
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R6 
10kQ 

Vo 
(see 
equation above) 

FIGURE 55. OUTPUT VOLTAGE vs INPUT VOLTAGE FOR LOG AMPLIFIER 
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analog thermometer 

TL054, TL054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

By combining a current source that does not vary over temperature with an instrumentation amplifier, a precise 
analog thermometer can be built (see Figure 56). Amplifier U1 A and IC1 establish a constant current through 
the temperature sensing diode 01. For this section of the circuit to operate correctly, the TL054 must use split 
supplies and R3 must be a metal film resistor with a low temperature coefficient. 

The temperature-sensitive voltage from the diode is compared to a temperature-stable voltage reference set 
by IC2. R4 should be adjusted to provide the correct output voltage when the diode is at a known temperature. 
Although this potentiometer resistance varies with temperature, the divider ratio of the potentiometer remains II 
constant. 

Amplifiers U1 B, U1 C, and U10 form the instrumentation amplifier that converts the difference between the 
diode and reference voltage to a voltage proportional to the temperature. With switch 81 closed, the amplifier 
gain equals 5, and the output voltage is proportional to temperature in degrees Celsius. With 81 open, the 
amplifier gain is 9, and the output is proportional to temperature in degrees Fahrenheit. Every time that 81 
is changed, R4 must be recalibrated. By setting 81 correctly, the output voltage equals 10 mV per degree 
(C or F). 

ICl 

R9 R12 
Cl 

10kQ 10kQ 
lS0pF 

Rl 

100kQ 
+ lSV 

RS R7 

10k(! SkQ 5kQ 

(see Note B) 
Sl 

01 (see Note C) 
(see Note A) + lSV -15V 

R2 100kQ R8 

Rl0 

IC2 10kQ 
R4 
SOkQ Rll 10k(! 

NOTES: A. Temperature sensing diode ~ (- 2 mV/°C). 
B. Metal film (low temperature coefficient). 
C. Switch open for OF and closed for °C. 
D. Va ~ Temperature; 10 mVrC or 10 mV/oF. 
E. U1A thru U1D = TL054. IC1, IC2 ~ LM385, L Tl004, or LT1009 voltage reference. 

FIGURE 56. ANALOG THERMOMETER 
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TL054, TL054A 
ENHANCED JFET PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

vOltage-ratio-to-dB converter 

The application in Figure 57 measures the amplitude ratio of two signals and then converts the ratio to 
decibels. The output voltage provides a resolution of 100 mY/dB. The two inputs can be eitherdc or sinusoidal 
ac signals. When using ac signals, both signals should be the same frequency or output glitches will occur. 
For measuring two input signals of different frequencies, extra filtering should be added after the rectifiers. 

The circuit contains three low-offset TL054A devices. Two of these devices provide the rectification and 
logarithmic conversion of the inputs. The third TL054A forms an instrumentation amplifier. The stage 
performing the logarithmic conversion also requires two well-matched NPN transistors. 

The input signal first passes through a high impedance unity-gain buffer Ul A (U2A). Then U1B (U2B) rectifies 
the input signal at a gain of 0.5, and Ul C (U2C) provides a noninverting gain of 2 so that the system gain is 
still one. U1D (U2D), R6 (RI3), and 01 (02) perform the logarithmic conversion of the rectified input signal. 
The instrumentation amplifier formed by U3A, U3B, U3D scales the difference of the two logarithmic voltages 
by a gain of 33.6. As a result, the output voltage equals 100 mVldB. The 1-kn potentiometer on the input 
of U3C calibrates the zero dB reference level. The following equations are used to derive the relationship 
between the input voltage ratio expressed in decibels and the output voltage. 

~VAl rn (VA)-In (VB)l 
X dB = 2010glvsJ = 20l In (10) J 

X dB = 8.686 ~n (VA) -In (VB)] 

VBE(OI) = kT IJ~l VBE(02) = kT IJ~l 
q L R x IS j q L R x IS j 

L\VBE = VBE(OI) - VBE(02) = : ~n (VA) -In (VB)] 

8.686 
X dB = kT / q ~BE(OI) - VBE(02~ = 336 ~BE(OI) - VBE(02~ at 25°C. 

wherek = 1.38xl0-23 ,q = 1.602><10-19,andTisinkelvins. 

This would give a resolution of 1 V/dB. Therefore, the gain of the instrumentation amplifier is set at 33.6 to 
obtain 100 mY/dB. 
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Tl054, Tl054A 
ENHANCED JFET PRECISION 

QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

82kQ 

1kQ 

82kQ 

- 15V 

vO 

NOTES: U1A through U30 = TL054A, Vee ± = ± 15 V. 
01 and 02 = 1N914. 

FIGURE 57. VOLTAGE-RATIO-TO-dB CONVERTER 
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FIGURE 58. OUTPUT VOLTAGE vs THE RATIO OF THE INPUT VOLTAGES 
FOR VOLTAGE-TO-dB CONVERTER 
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n060, n060A, n060B, n061, n061A, n061B 
n062, n062A, n062B, n064, n064A, n0648 

LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 
02392. NOVEMBER 1978-REVISEO NOVEMBER 1988 

20 DEVICES COVER MILITARY. INDUSTRIAL. AND 
COMMERCIAL TEMPERATURE RANGES 

• Very Low Power Consumption 

• Typical Supply Current . . • ZOO p.A 
(per Amplifier) 

• Wide Common· Mode end Differential 
Voltage Ranges 

• Low Input Bias and Offset Currents 

• Common· Mode Input Voltage Range 
Includes VCC + 

description 

• Output Short·Clrcult Protection 

• High Input Impedance • .. JFET ·Input Stage 

• Internal Frequency Compensation 
(Except TL060) 

• Latch-Up-Free Operation 

• High Slew Rate ..• 3.5 V/p.s Typ 

The JFET -input operational amplifiers of the TL061 series are designed as low-power versions of the TL081 
series amplifiers. They feature high input impedance, wide bandwidth. high slew rate, and low input offset 
and bias currents. The TL061 series features the same terminal assignments as the TL071 and TL081 
series. Each of these JFET-input operational amplifiers incorporates well-matched. high-voltage JFET and 
bipolar transistors in a monolithic integrated circuit. 

M-suffix devices are characterized for operation over the full military temperature range of - 55 °e to 125 °e. 
I-suffix devices are characterized for operation from - 40°C to 85 °C, and C-suffix devices are characterized 
for operation from OOC to 70°C. 

Tl060. Tl060A. Tl060B 
D. JG. OR P PACKAGE 

(TOP VIEW) 

N1/COMPDB COMP 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC - 4 s OFFSET N2 

Tl061 ... U PACKAGE 
(TOP VIEW) 

NC NC 
OFFSET N1 NC 

IN- VCC+ 
IN+ OUT 

VCC - ~_"""':J- OFFSET N2 

TLOB2 ... U PACKAGE 
(TOP VIEW) 

NC NC 

AMPL{~NU~ ~e~}+ AMPL 
# 1 IN+ IN- #2 

VCC - -" __ ..r'" IN + 

TlOB1. Tl061A. nOB1B 
D. JG. OR P PACKAGE 

ITOP VIEW) 

OFFSET N1 DB NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC - 4 s OFFSET N2 

Tl062. Tl062A.Tl062B 
D. JG. OR P PACKAGE 

(TOP VIEW) 

AMPL {OUT DB Vcc + 

# 1 IN + 3 6 IN _ AMPL 
IN- 2 7 OUT} 

VCC- 4 S IN+ #2 

Tl064 ... D. J, N. OR W PACKAGE 
TLOB4A. TL064B ... D. J. OR N PACKAGE 

(TOP VIEW) 

AMPL {~NU~ ~U!} AMPL 

# 1 IN+ IN + #3 

VCC+ VCC-

AMPL { :~ ~ :~ ~ } AMPL 

# 2 OUT ""'1,;._""';'1"" OUT #4 

Copyright © 1983 by Texas Instruments Incorporated 
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n060. n060A. n060B. n061. n061A. n061B 
n062. n062A. n064. TL064A. TL064B 
LOW·POWER JFET·INPUTOPERATIONAL AMPLIFIERS 

TL061 ... L PACKAGE 

(TOP VIEW) 

NC 

VCC-

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE 

TL061 ... FK PACKAGE 

(TOP VIEW) 

Z 
a.. 
::!; 

uouuu 
z u z z z 

3 2 1 20 19 

18 

IN - 5 17 

NC 6 16 

IN+ 7 15 

NC 8 14 

9 1011 12 13 

NC-No internal connection 

TL064 ... FK PACKAGE 

(TOP VIEW) 

#1 IN+ 4 
NC 5 

VCC+ 6 
NC 7 

#2IN+ 8 

II- I- I 
~5 5~ 
............ Uq-.q­
~~z~:t:t:: 

3 2 1 2019 

9 10111213 

II-U~I 
~5Zo~ 
NN MM 
::tI:::tI: :tt:::tt:. 

18 

17 

16 

15 

14 

TL062 ... L PACKAGE 

(TOP VIEW) 

VCC+ 

VCC-

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE 

TL062 •.. FK PACKAGE 

(TOP VIEW) 

NC 4 

# 1 IN - 5 

NC 6 
#1 IN+ 

NC 8 

I-
:;) + 
o U 

U ~ U uu 
z""Z>Z 

3 2 1 2019 

9 1011 1213 

U I U + U 
Z UZ ~ Z 

U N 
> "" 

18 

17 

16 

15 

14 

NC 

#2 OUT 

NC 

#2 IN-

NC 
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V,O MAX SMALL CHIP 
TA 

at 25·C OUTLINE CARRIER 
(01 (FKI 

15 mV TL060CD 

6 mV TL060ACD 

3 mV TL060BCD 

15 mV TL061CD 

6 mV TL061ACD 
O·C 

3 mV TL061 BCD 
to 

15 mV TL062CD 
70°C 

6 mV TL062ACD 

3 mV TL062BCD 

15 mV TL064CD 

6 mV TL064ACD 

3mV TL064BCD 

6mV TL060lD 
-40°C 

6mV TL0611D 
to 

6 mV TL0621D 
65°C 

6 mV TL0641D 

-55°C 6 mV TL061MFK 

to 6 mV TL062MFK 

125°C 9 mV TL064MFK 

TL060, TL060A, TL060B, TL061, TI061A, TL061B 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 

LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

AVAILABLE OPTIONS 

PACKAGE 

CERAMIC CERAMIC PLUG· PLASTIC PLASTIC FLAT FLAT 

DIP DIP IN DIP DIP PACK PACK 

(JI (JGI (LI (NI (PI (UI (WI 

TL060CJG TL060CP 

TL060ACJG TL060ACP 

TL060BCJG TL060BCP 

TL061CJG TL061CP 

TL061 ACJG TL061ACP 

TL061 BCJG TL061BCP 

TL062CJG TL062CP 

TL062ACJG TL062ACP 

TL062BCJG TL062BCP 

TL064CJ TL064CN 

TL064ACJ TL064ACN 

TL064BCJ TL064BCN 

TL060lJG TL0601P 

TL0611JG TL0611P 

TL0621JG TL0621P 

TL0641J TL0641N 

TL061MJG TL061ML TL061MU 

TL062MJG TL062ML TL062MU 

TL064MJ r-L064MW 

10 
c o 

'';:; 
ca .. 

The D package is available taped and reeled. Add the suffix R to the device type (e.g., TL061CDR). Q) 
c. 
o symbol (each amplifier) 

NONINVERTING INPUT 
IN+ 

INVERTING INPUT 
IN- I 

I I 
r----- L - L --., 

N1 N2 

: OFFSET NULL/COMPENSATION : 

L _ ~O~O~N~T":O~ ~~ _.J 
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TL060. TL060A. TL060B. TL061. TL061A. TL061B 
TL062. TL062A. TL064. TL064A. TL064B 
LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

NONINVERTING ---+---,--, 
INPUT 

INVERTING 
INPUT 

{ 
COMP-- ---

TL060 OFFSET NULL! 
ONLY COMP (N1)-- - -- --

OFFSET NULL (N2)--

r 
I 
I 
I 

OFFSET 
I 

OFFSET 
NULL NULL 
(N1) (N2) 

~ 
TL061 ONLY 

C1 = 10 pF ON TL061, TL062, AND TL064 ONLY 
COMPONENT VALUES SHOWN ARE NOMINAL 
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n060. n060A. n060B. n061. T1061A. n061B 
n062. n062A. n062B. n064. n064A. n064B 

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

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

TL06_C, 

TL06_M TL06_1 TL06_AC, UNIT 

TL06_BC 

Supply voltage, VCC + (see Note 11 18 18 18 V 

Supply voltage, VCC _ (see Note 11 -18 -18 -18 V 

Differential input voltage (see Note 21 ±30 ±30 ±30 V 

Input voltage (see Notes 1 and 31 ±15 ±15 ±15 V 

Voltage between power-control terminal and Vee- ±0.5 ±0.5 ±0.5 V 

Duration of output short circuit (see Note 41 unlimited unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 -40 to 85 o to 70 °c 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 °c 
Case temperature for 60 seconds FK package 260 °C 

Lead temperature 1,6 mm (1/16 inchl from case for 60 seconds 
J, JG, U or 

W package 
300 300 300 °c 

Lead temperature 1,6 mm (1/16 inchl from case for 10 seconds 
0, N or 

P package 
260 260 °c 

Lead temperature 1,6 mm (1/16 inchl from case for 10 seconds L package 300 °c 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
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 to either supply. Temperature andlor supply voltages must be limited to ensure that 

the diSSipation rating is not exceeded. 

DISSIPATION RATING TABLE 

TA:S 25°C DERATING DERATE TA - 70°C TA - B5°C TA - 12SoC 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 

o (8-pinl 680 mW 5.8 mWloC 33°C 464mW 377 mW NIA 

o (14-pinl 680mW 7.6 mWloC 60°C 608 mW 494mW NIA 

FK 680mW 11.0 mWloC 88°C 680mW 680mW 275 mW 

J (TL06_MI 680mW 11.0 mWloC 88°C 680 mW 680mW 275 mW 

J (all others I 680mW 8.2 mW/oC 67°C 656 mW 533 mW NIA 

JG (TL06_MI 680mW 8.4 mWloC 69°C 672mW 546 mW 210mW 

JG (all othersl 680mW 6.6 mWloC 47°C 528 mW 429 mW NIA 

L 680mW 6.6 mW/oC 47°C 528 mW 429mW 165mW 

N 680mW 9.2 mWloC 76°C 680mW 598 mW NIA 

P 680mW 8.0 mWloC 65°C 640mW 520 mW NIA 

U 675 mW 5.4 mWloC 25°C 432 mW 351 mW 135mW 

W 680mW 8.0 mWloC 65°C 640mW 520mW 200mW 

II) ... 
Q) 

!E 
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E 

<C 
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TL061M, TL062M, TL064M 
LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics. VCC± ± 15 V (unless otherwise noted) 

TL061M 
TL064M 

PARAMETER TEST CONOITIONSt TL062M UNIT 

MIN TYP MAX MIN TYP MAX 

Vo = 0, [TA = 25°C 3 6 3 !! 
VIO Input offset voltage mV 

RS =500, ITA = -55°C to 125°C 9 15 

Temperature 
Vo = 0, RS = 500, 

"VIO coefficient of 10 10 ",VfoC 

input offset voltage TA = -55°C to 125°C 

Input offset TA = 25°C 5 100 5 100 pA 
110 current* 

Vo = 0 
TA = -55°C to 125°C 20 20 nA 

TA = 25°C 30 200 30 200 pA 
liB Input bias current Vo = 0 

TA = -55°C to 125°C 50 50 nA 

-12 -12 
Common-mode 

TA = 25°C VICR ±11.5 to ±11.5 to V 
input voltage range 

+15 +15 

Maximum RL = 10 kO, TA = 25°C ±10 ±13.5 ±10 ±13.5 
VOM peak output V 

voltaga swing RL ~ 1010, TA = -55°C to 125°C ±10 ±10 

Large-signal Vo = ± 10 V, TA = 25°C 4 6 4 6 
AVO differential voltage V/mV 

amplification RL ~ 10 kO TA = -55°C to 125°C 4 4 

Bl Unity-gain bandwidth RL = 10 kll, TA = 25°C MHz 

ri Input resistance TA = 25°C 1012 1012 0 

Common-mode VIC = VICR min, Vo = 0, 
CMRR 80 86 80 86 dB 

rejection ratio RS = 500, TA = 25°C 

Supply voltaga 
VCC = ±15Vto ±9V, Vo = 0, 

kSVR rejection ratio 
RS = 500, TA = 25°C 

80 95 80 95 dB 

(AVCC±/AVIOI 
Total power 

No load, Vo = 0, Po dissipation 6 7.5 6 7.5 mW 

(each amplifierl 
TA = 25°C 

ICC 
Supply current No load, Vo = 0, 

(each amplifierl TA = 25°C 
200 250 200 250 p.A 

Vol IV 02 Crosstalk attenuation AVO - 100, TA - 25°C 120 120 dB 

t All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. 
*Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown 
in Figure 17. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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electrical characteristics. Vee ± ± 15 V (unless otherwise noted) 

TL0601 TL060C TL060AC TL060BC 

TL0611 TL061C TL061AC TL061BC 

PARAMETER TEST CONDITIONS t TL0621 TL062C TL062AC TL062BC UNIT 

TL0641 TL064C TL064AC TL064BC 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo ~ 0, TA = 25°C 3 6 3 15 3 6 2 3 
VIO Input offset voltage 

ITA == full range 
mV 

RS ~ 50 n 9 20 7.5 5 

Temperature 
Vo ~ 0, RS ~ 50 n, 

aVIQ coefficient of 10 10 10 10 /IV/DC 

input offset voltage T A = full range 

Input offset TA == 25°C 5 100 5 200 5 100 5 100 pA 
110 

current+ 
Vo ~ 0 

T A = full range 10 5 3 3 nA 

Input bias current:!: 
TA = 25°C 30 200 30 400 30 200 30 200 pA 

118 Vo ~ 0 
T A = full range 20 10 7 7 nA 

Common-mode -12 -12 -12 -12 
VICR TA ~ 25"C ±ll.5 to ±ll to ±11.5 to ±ll.5 to V 

input voltage range +15 +15 +15 +15 

Maximum 
RL ~ 10 kn, TA = 25°C ±10 ± 13.5 ±10 ±13.5 ±10 ±13.5 ±10 ±13.5 

VOM peak output V 

voltage swing 
RL~ 10 ka, T A = full range ±10 ±10 ±10 ±10 

Large-signal 
Va == ± lOV, TA = 25°C 4 6 3 6 4 6 4 6 

AVO differential voltage V/mV 

amplification 
RL 2=: 10 kQ T A = full range 4 3 4 4 

Bl Unity-gain bandwidth RL ~ 10 kn, TA ~ 25"C 1 1 1 1 MHz 

C; Input resistance TA = 25°C 1012 1012 1012 1012 n 

Common-mode V'C = VieR min, Vo == 0, 
dB CMRR 80 86 70 86 80 86 80 86 

rejection ratio RS ~ 50 n, TA = 25°C 

Supply voltage 
Vec = ±15Vto ±9V, Va = 0, 

kSVR rejection ratio 80 95 70 95 80 95 80 95 dB 

IAVCC+!tNloi 
RS ~ 50 n, TA = 25°C 

Total power 
No load, Vo ~ 0, 

PD dissipation 6 7.5 6 7.5 6 7.5 6 7.5 mW 

(each amplifier) 
TA = 25°C 

Supply current No load, Vo ~ 0, 
200 250 250 "A ICC 200 250 200 250 200 

(each amplifier) TA = 25°C 

Vol IVo2 Crosstalk attenuation AVO ~ 100, TA = 25°C 120 120 120 120 dB 

t All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for TA is -40 oe to 85°e for TL06_1 and O°C to 70 0 e 

fo, TL06_C, TL06_AC, and TL06_BC. 

:j: Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 17. Pulse techniques must be used that will 

maintain the junction temperature as close to the ambient temperature as possible. 

Operational Amplifiers • 
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TL060, TL060A, TL060B, TL061, TL061A, TL061B 
TL062, TL062A, TL062B, TL064; TL064A, TL064B 
LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

operating characteristics. V CC:I: - :I: 1 5 V. T A - 25°C 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain 
VI = 10 V, RL = 10 kO~ 

CL = 100pF, See Figure 1 

tr Rise time VI = 20 mV, RL = 10 kO, 

Overshoot factor CL = 100 pF, See Figure 1 

Vn Equivalent input noise voltage RS = 1000, f = 1 kHz 

MIN TYP MAX UNIT 

1.6 3.5 VI".. 

0.2 ~s 

10% 

42 nV/$. 

PARAMETER MEASUREMENT INFORMATION 

o 
i .. a o· 
:::s 
!. 

FIGURE 1. UNITY·GAIN AMPLIFIER FIGURE 2. GAIN·OF·10 
INVERTING AMPLIFIER 

2·364 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

Vcc+ 

• For be.t result. use R = 20 Mil for 
VCC± = ±15 V to R = 5 Mil for 
VCC±' ±3 V. 

FIGURE 4 

TEXAS ." 
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POST OFFICE BOX 8155012 • DALLAS, TEXAS 15265 

100kll 

FIGURE 3. FEED·FORWARD 
COMPENSATION 

100 kO 

1.5kll 

Vcc-

FIGURE 5 
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±15 

TL060. TL060A. TL060B. TL061. TL061A. TL061B 
TL062. TL062A. TL062B. TL064. TL064A. TL064B 

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

R~ - 1b kO 

> ±15 
I .. 
en 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

.. ±12.5 

f 
V ~TA - 25°C 

// 
! ±12.5 

i o ... 
I 

i 
I 
::Il 
~ 

> 
I 

±10 

±7.5 

±5 

±2.5 

o 

±15 

o 

See Figure 2 

/ 
/ 

V 
/ 

,V 
2 4 6 8 10 12 14 16 

IVcc±I-Supply Voltage-V 

FIGURE 6 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

LOAD RESISTANCE 

Vcc± - ±15 Vi 

i!. ±12.5 
TA - 25°C ,..,.... 
See Figure 2 

V ! 
0 
> 
~ 

~ 
0 ... co 
If 
E 
" E 

'" co 
::Il 
I 
::Il 
0 
> 

±10 

±7.5 

'I 
±5 / 

±2.5 ./ 
V 

V 
0 
100 200 400 7001 k 2 k 4 k 7 k 10 k 

RL -Load Resistance -0 

FIGURE 8 

~ 

i ±10 
o ... I ±7.5 

E 

.~ .. 
::Il 
I 
::Il o 
> 

±5 

±2.5 

o 

Vcc± - ±15 V 
RL - 10 kO 
Seetigure 2 

-75 -50 -25 0 25 50 75 100 125 

> 
I 
8. 

±15 

! ±12.5 

~ 1 ±10 

l ±7.5 

~ 
'" ±5 
~ 
I 
::Il ±2.5 
o 
> 

o 

TA-Free-Air Temperature- °c 

FIGURE 7 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

V~CI~ '~"'± 15 1V RI:' - 10 kO 

11111111 Il"-
TA - 25°C 

vc~~II~III~ 1~ ~ 
See Figure 2 

VCC±-±5V 

1111111 
VCC± - ±2 V ~ 

II 11111 
...; 

1 k 10 k 100 k 1M 10 M 

f-Frequency - Hz 

FIGURE 9 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
10-pF compensation capacitor is used with TL060 and TL060A. 

PI 
II) .. 
CI) 

:e 
Q. 
E 

<C 
c; 
c o -.;::; 
CO .. 
CI) 
Q. 
o 

TEXAS ." 
INSTRUMENTS 

2-365 

POST OFFICE BOX 655012 • DAllAS, TEXAS 15265 



n060, n060A, TL060B, n061, n061A, n062B 
n062, n062A, n062B, n064, n064A, n064B 
LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

AND PHASE SHIFT 

~ 10 

:> 
I 
6 7 
'; 
" ~ 
'ii 
~ 4 

& 
i 
> 
iii i 2 

~ o 
I 
o 

vs 
FREE-AIR TEMPERATURE FREQUENCY 

Vcc± - ±15 V 
RL - 10 kG 

O· 

./ - -• 

1~ __ L-__ L-__ L-__ L-__ L-~~~180· ~1 
-75 -50 -25 0 25 50 75 100 125 1 10 100 1 k 10 k 100 k 1 M 10 M 

250 

~200 
I 
:: 
! 
j 150 

.?:' ... ... 
" 'f 100 

+1 
U 
5} 

50 

o 

TA-Free-Air Temperature-·C 

FIGURE 10 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

TA - 25·C 
No Signal 
No Load 

i--~ 
f--

~ --

o 2 4 6 8 10 12 14 16 

IVcc±I-Supply Voltage-V 

FIGURE 12 

250 

<200 

'" I 
:: 
~ 150 
" u 
>­
'ii 
§' 100 
III 
I 
+I 
U 
5} 50 

o 

f-Frequency-Hz 

FIGURE 11 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

--- ............... 

VCC± - ±15 V 
No Signal 
No Load 

I--

-75-50-25 0 25 50 75 100 125 

TA-Free-Air Temperature-·C 

FIGURE 13 

t A 10-pF compensation capacitor is used with TL060 and TL060A. 
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n060. n060A. n060B. n061. n061A. n061B 
TL062. TL062A. TL062B. TL064. TL064A. TL064B 

LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

~ 
E 
I ... 
~ ... 
'iiI 
.!!! 
Q 

:;; 
~ 
0 

Do. 

~ 
I 
Q 

Do. 

30 

25 

20 

15 

10 

5 

o 

TOTAL POWER DISSIPATED 
vs 

FREE·AIR TEMPERATURE 

I - I---r- TL064 

VCC± - ±15 V --r---....... 
No Signal 
No Load 

~ 
1 

TL060. TL061 

-75 -50 -25 0 25 50 75 100 125 

T A -free·Air Temperature- °c 
FIGURE 14 

NORMALIZED UNITY GAIN BANDWIDTH 
SLEW RATE. AND PHASE SHIFT 

vs 
FREE·AIR TEMPERATURE 

~ a: 1.3 ~-~~-~-~-~-~-~~ 1.03 

1 
~ 1.2 UNITY-GAIN BANDWIDTH ,PHASE SHIFT 1.02 
c 
m ~ 
~ 1. 1 I---II--~~--+--+---+--.J......;:~I----I 1 .01 II) 

~ ~ 
C m 
~ f 
c ] 
~ ~ 
~ m 
.~ 0.9 0.99 E 
c 0 
~ Z ... 
.~ O.B 
m 
E 

VCC±-±15V 
RL - 10 k{) 
f - B 1 for Phase Shift 

-+--I----.t-- 0.98 

o z 0.7 L..---1_.....l_.....L_..L_.l-_L---II--.....J 0.97 
-75-50 -25 0 25 50 75 100 125 

TA-free-Air Temperature- °c 

FIGURE 16 
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ALL EXCEPT TL06_C 
COMMON-MODE REJECTION RATIO 

vs 
FREE-AIR TEMPERATURE 

VCC± - ±15 V 
RL - 10 k{) 
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FIGURE 15 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

VCC+ - ±15 V 

/ 

/ 

V 

./ 

J.-.- ....... 

-50 -25 o 25 50 75 

TA-free-Air Temperature- °C 

FIGURE 17 

/ 

100 125 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
'O-pF compensation capacitor is used with TL060 and TL060A. 
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n060, n060A, n060B, n061, n061A, n061B 
n062, n062A, n062B, n064, n064A, TL064B 
LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

6 

> 4 
I .. • CD 2 1! 
0 
> 
= 0 0. 

= 0 
.... -2 c .. 
= 0. 
.5 -4 

-6 

TYPICAL CHARACTERISTICSt 

VOLTAGE FOLLOWER 
LARGE SIGNAL PULSE RESPONSE 

OUTPUT VOLTAGE 
vs 

ELAPSED TIME 

INPUT --- -, 
II 

I 
/ 

I/~cc± - ±15V 
RL - 10 kO 

~ 

o 

CL - 100 pF 
TA - 25°C 

2 4 
t-Time-/'s 

FIGURE 18 
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/ 

10% ~ VCC±-±15V 

I-tr-
RL - 10 kO 
TA - 25°C 

o 0.2 0.4 0.6 0.8 
t-Tlme-/,s 

FIGURE 19 

1.2 1.4 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

VCC± - ±15 V 
RS - 1000 

'\ TA - 25°C 

\ 

i'-

10 40 100 400 1 k 4 k 10 k 40 k 100 k 

f-Frequency-Hz 

FIGURE 20 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
10-pF compensation capacitor is used with TL060 and TL060A. 
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INPUT 

n060, n060A, n060B, n061, n061A, n061B 
n062, n062A, n062B, n064, n064A, n064B 

LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

10k!"! 
0.1% 

10k!"! 
0.1% 

A ---'IoMr-l 

INPUT 
B ---'1"""--1 

VCC-

VCC+ 

10k!"! 
0.1% 

VCC+ 

VCC-

10k!"! 
0.1% 

>----:::::-:-:::---.... P-OUTPUT 

FIGURE 21. INSTRUMENTATION AMPLIFIER 

RF = 100 k!"! 

+15V 

OUTPUT 

CF =3.3ILFJ 1 k!"! 

3.3 kll 

9.1 k!"! 

FIGURE 22. O.5·Hz SQUARE·WAVE OSCILLATOR 

1M!"! 

VCC+ 

lOOk!"! 

100 H! 
..... -vY--VCC+ 

100 ILFJ 100kr! 

Cl 

R3 

C2 

OUTPUT 

R 1 = R2 = 2R3 = 1.5 M!"! 
C3 

C1 = C2 = - = 110 pF 
2 

1 
fa = 2" Rl C1 = 1 kHz 

FIGURE 23. HIGH-Q NOTCH FILTER 

OUTPUT A 

OUTPUT B 

OUTPUTC 

FIGURE 24. AUDIO DISTRIBUTION AMPLIFIER 
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TL060. TL060A. TL060B. TL061. TL061A. TL062B 
TL062. TL062A; TL062B. TL064. TL064A. TL064B 
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

TL061 

" " 

10kn 10kn 

10kn 

100 pF 

10 kn~_l"V0 k""n __ --t 

5kn 10 kn 

+15V 

-15V 

OUTPUT 

FIGURE 25. LOW-LEVEL LIGHT DETECTOR PREAMPLIFIER 

100 
kn 

Vcc+ 

lMn 

>-__ -<OUTPUT 

FIGURE 26. AC AMPLIFIER 

10 kn 100 kn 1 kn 

100 kn 10kn 

50kn h 
0.02/lF -= 

FIGURE 27. MICROPHONE PREAMPLIFIER WITH TONE CONTROL 
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n060, n060A, n060B, n061, n061A, n061B 
n062, n062A, n062B, n064, n064A, n064B 

LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

100k!1 

1 k!1 

1 k!1 

FIGURE 28_ INSTRUMENTATION AMPLIFIER 

IC PREAMPLIFIER RESPONSE CHARACTERISTICS 
25 

20 

15 

MAX BASS II 11111 IrJ.AI~" 

VCC:!: - :1:15 V TREBLE; 
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0 

I'\. See Figure 30 
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FIGURE 29 
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TL060, TL060A, TL060B, TL061, TL061A, TL061B 
TL062, TL062A, TL062B, TL064, TL064A, TL064B 
LOW·POWER JFET;INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

220 kn 

0.00375 1lF 

10kn 

27 kn 0.031lF 

0.0031lF 

VCC+ 
MIN 

100kn 
BASS 

MIN 

.-_,*--.JW'.--4'-"M-I~ 100 kn 

3.3 kn ~~e:LE 
loon MAX 

INPUT--+--H-~....-I 0.031lF 

10 kn 

68kn 
CD BALANCE 10 pF .. 
D) .. o· 
::::I 
!. 

2-372 

50pF 

FIGURE 30. Ie PREAMPLIFIER 
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TL066M, TL0661, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

5 DEVICES COVER COMMERCIAL, 
INDUSTRIAL, AND MILITARY 

TEMPERATURE RANGES 

• Very Low, Adjustable ("Programmable'" 
Power Consumption 

• Adjustable Supply Current ... 5 p.A to 
200 p.A 

• Very Low Input Bias and Offset Currents 

• Wide Supply Range, .. ± 1.2 V to ± 18 V 

• Wide Common-Mode and Differential 
Voltage Range 

• Output Short-Circuit Protection 

• High Input Impedance . , . JFET -Input Stage 

• Unity-Gain Bandwidth , .. 1 MHz Typ 
(100 kHz at 25 p.W, 

• High Slaw Rata .. , 3,5 V/p.s Typ 

• Internal Frequency Compensation 

• Latch·Up-Free Operation 

• Common·Mode Input Voltage Range 
Includes VCC+ 

02494, FEBRUARY 1979-REVISED NOVEMBER 1988 

TL066M •.• JG PACKAGE 
TL0661, TL066C, TL066AC, TL066BC •.. D, JG, OR P PACKAGE 

(TOP VIEW! 

OFFSET Nl D8 PWR CONT 
!N- 2 7 VCC+ 
!N+ 3 6 OUT 

VCC _ 4 5 OFFSET N2 

TL066M , .. FK PACKAGE 

(TOP VIEW! 

- f--Z Z 
l;j 8 
III a: 

utl:u~u 
ZOZIl.Z 

3 2 1 20 19 

9 10 11 12 13 

U I UN U 
Z UZ Z Z 

U f--
> ~ 

u. 
u. 
o 

18 

17 

16 

15 

14 

NC- No internal connection 

TL066M IS NOT RECOMMENDED FOR NEW DESIGNS 

description 

The TL066, TL066A, and TL066B are JFET­
input operetional amplifiers similar to the TL061 
with the additional feature of being power­
adjustable, Thay feature very low input offset 
and bias currents, high input impedance, wide 
bandwidth, and high slew rate. The power­
control feature permits the amplifiers to be 
adjusted to require as little as 25 p.W of power, 
This type of amplifier, which provides for 
changing several characteristics by varying one 
external element, is sometimes referred to as 
being "programmable." The JFET-input stage 
combined with the adjustable-low-power feature 
results in superior bandwidth and slew-rate 
performance compared to low-power bipolar-
input devices. 

symbol 
OFFSET NULL ____ ., 
Nl 

OFFSET NULL 
N2 

NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN-

OUTPUT 

The TL066M is characterized for operation over the full military temperature range of - 55°C to 125°C; 
the TL0661 is characterized for operation from -40°C to 85°C; the TL066C, TL066AC, and TL066BC 
are characterized for operation from O°C to 70°C. 

PRODUCTIOI DATA docu .. 11I1J .ontoln infarmltio. 
•• "Int II of publlclllion dota, Praducts conform to 

Copyright @ 1983. Texas Instruments Incorporated 
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IllllClfiOllio.1 por tIIo _ 0' T .... Instruman .. 
slaadord WI"IIIIY. Producti.n ....... lInl .... n.t 
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nQ66M, n0661, n066C, n066AC, n066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

AVAILABLE OPTIONS 

PACKAGE 

TA 
VIO MAX 

SMALL-OUTLINE CHIP-CARRIER CERAMIC DIP PLASTIC DIP 
AT 25°C 

(01 (FKI (JGI (PI 
OOC 15 mV TL066CD TL066CJG TL066CP 

to 6 mV TL066ACD TL066ACJG TL066ACP 

70°C 3 mV TL066BCD TL066BCJG TL066BCP 

-40°C 

to 6 mV TL0661D TL0661JG TL0661P 

II 
85°C 
-55°C 

to 6 mV TL066MFK TL066MJG 

125 DC 

o The D package is available taped and reeled. Add the suffix "R" to the device type (e.g., TL066CDRI. 
'C 
~ schematic 
I» 
r+ VCC+ o· 
j 

!!. 
l> 
3 
"E. 
:;; 
ar 
a; 

NON::~~TING ___ -+ __ ---, 
INVERTING 

INPUT 

2.85 
ICC ~ 2.86 + Rext • ICCIOl 

where Rext is in kD 

and ICCIOl - ICC with Rext - 0 

C~~~:~L :J 
~---e-i~~~~---e~--+--~---4~-~--VCC- ~ 

2-374 

OFFSET 
NULL 
IN'l 

OFFSET 
NULL 
IN2l 

OUTPUT 

COMPONENT VALUES SHOWN ARE NOMINAL 
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TL066M. TL0661. TL066C. TL066AC. TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

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

TL066C, 

TL066M TL0661 TL066AC, UNIT 

TL066BC 

Supply voltage, VCC + (see Note 1) 18 18 18 V 

Supply voltage, VCC _ (see Note 1) -18 -18 -18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (see Notes 1 and 3) ±15 ±15 ±15 V 

Voltage between power-control terminal and VCC- ±0.5 ±0.5 ±0.5 V 

Duration of output short circuit (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 -40 to 85 o to 70 ·C 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 ·C 

Case temperature for 60 seconds I FK package 260 ·C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I JG package 300 300 300 ·C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I D or P package 260 260 ·C 

II 
en 
~ 

CD 
:e 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC _. is. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. E 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 V, whichevar is less. <c 
4. The output may be shorted to ground or to aither supply. Temperature andlor supply voltages must be limited to ensure that 

the dissipation rating is not exceeded. "'ii5 

PACKAGE 
TA s 25·C 

POWER RATING 

D 680mW 

FK 680mW 

JG (TL066M) 680mW 

JG (all others) 680mW 

P 680mW 

DISSIPATION RATING TABLE 

DERATING DERATE TA - 70·C 
FACTOR ABOVE TA POWER RATING 

5.8 mW/oC 33·C 464mW 

11.0 mW/·C 88·C 680mW 
8.4 mW/oC 69°C 672 mW 

6.6 mW/oC 47°C 528 mW 

8.0 mW/oC 65°C 640mW 

TEXAS • 
INSTRUMENTS 
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TA - 85·C TA - 125°C 
POWER RATING POWER RATING 

377 mW N/A 

680mW 275 mW 

546mW 210mW 

429mW N/A 

520mW N/A 
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SJ9!j.!ldwV leUOr~eJ9do II 
electrical characteristics. Vee ±15 V 

TEST CONOITIONSt 
TL066M TL0661 TL066C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo = 0, RS = 50 Il, 
3 6 3 6 3 15 

VIO Input offset voltage 
TA = 25°C 

mV 
Vo = 0, RS = 50 Il, 

9 9 20 
T A = full range 

Temperature coefficient Vo = 0, RS = 50 Il, 
10 10 10 ~V/oC "VIO of input offset voltage T A = full range 

Input offset current l 
Vo = 0, TA = 25°C 5 100 5 100 5 200 pA 

110 
Vo = 0, T A = full range 20 10 5 nA 

Input bias current l 
Vo - 0, TA - 25°C 30 200 30 200 30 400 pA 

lIB 
Vo = 0, T A = full range 50 20 10 nA 

-12 -12 -12 

VICR 
Common-mode input 

TA = 25°C ±11.5 to ±11.5 to ±11 V to 
voltage range 

+15 +15 +15 

Maximum peak TA = 25°C, RL" 10 kll ±10 ±13.5 ±10 ±13.5 ±10 ±13.5 
VOM 

RL" 10 kll ±10 ±13.5 ±10 ±13.5 ±10 ±13.5 
V 

output voltage swing T A = full range, 

RL" 10 kll, Vo = ±10V, 
4 6 4 6 3 6 

AVO 
Large-signal differential TA = 25°C 

V/mV 
voltage amplification RL" 10 kll, VO=±10V, 

4 3 
T A = full range 

Bl Unity-gain bandwidth TA = 25°C, RL = 10 kll 1 1 1 MHz 

'i Input resistance TA = 25°C 1012 1012 1012 Il 

ro Output resistance TA = 25°C, f = 1 kHz 220 220 220 Il 

Common-mode VIC = VICR min, Va = 0, 
CMRR 80 

rejection ratio RS = 50 Il, TA = 25°C 
86 80 86 70 76 d8 

kSVR 
Supply voltage rejection VCC - ±9 V to ± 15 V, Va - 0, 

80 
ratio (t,vCc±/AVla) RS = 50 Il, TA = 25°C 

95 80 95 70 95 dB 

Po Total power dissipation 
Va = 0, 

TA = 25°C 

No load, 
6 7.5 6 7.5 6 7.5 mW 

ICC Supply current 
Va - 0, No load, 

200 250 200 250 200 250 ~A 
-

T A = 25°C ____ _ .. _-_._- -- - -

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range of T A is - 55°C 
to 125°C forTL066M; -40 0 Cto 85°C forTL0661; and O°C to 70°C forTL066C. The electrical parameters are measured with the power-control terminal (pin 8) 
connected to VCC _. 

l:lnput bias currents of a FET -input operational amplifier are normal junction reverse currents, which are temperature-sensitive. Pulse techniques must be used 
that will maintain the junction temperature as close to the ambient temperature as is possible. 
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TL066AC, TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics. Vee - ± 15 V 

PARAMETER TEST CONDITIONSt 
TL066AC TL066BC 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vo = 0, RS = 50 II, 
3 6 2 3 

Via Input offset voltage 
TA = 25°C 

mV 
Va = 0, RS = 50 II, 

7.5 5 
T A = full range 

Temperature coefficient Va - 0, RS - 50 II, 
10 10 /LV/oc "'via of input offset voltage T A = full range 

Input offset current* 
Va = 0, TA = 25°C 5 100 5 100 pA ',0 Va - 0, T A - full range 3 3 nA 

Input bias current:&: 
Va = 0, TA = 25°C 30 200 30 200 pA 

liB 
Va = 0, TA = full range 7 7 nA 

-12 -12 

V,CR 
Common-mode input 

TA = 25°C ±11.5 to ±11.5 to V 
voltage range 

±15 ±15 

Maximum peak TA = 25°C, RL'" 10 kll, ±10 ±13.5 ±10 ±13.5 
VaM V 

output voltage swing T A = full range, RL'" 10 kll ±10 ±13.5 ±10 ±13.5 

RL'" 10 kll, Va = ±10V, 
4 6 4 6 

AVO 
Large-signal differential TA = 25°C 

V/mV 
voltage amplification RL'" 10 kll, Va = ±10V, 

4 4 
T A = full range 

Bl Unity-gain bandwidth TA = 25°C, RL = 10 kll 1 1 MHz 

ri Input resistance TA = 25°C 1012 1012 II 

ro Output resistance TA = 25°C, f = 1 kHz 220 220 II 
Common-mode V'C = V,CR min, Va = 0, 

CMRR 
rejection ratio RS = 50 II, TA = 25°C 

BO 86 80 86 dB 

Supply voltage 
VCC= ±9Vto±15V,Va=0, 

kSVR rejection ratio 80 95 80 95 dB 

lavCC±/av,a) 
RS = 50 II, TA = 25°C 

Po Total power dissipation 
No load, Va = 0, 

6 7.5 6 7.5 mW 
TA = 25°C 

ICC Supply current 
No load, Va = 0, 

TA = 25°C 
200 250 200 250 p.A 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
of T A is - 55°C to 125°C for TL066M; - 40°C to 85 °c for n0661; and 0 °c to 70°C for TL066C, TL066AC, and TL066BC. The electrical 
parameters afe measured with the power-control terminal (pin 8) connected to Vee _. 

~ Input bias currents of a FET -input operational amplifier are normal junction reverse currents. which are temperature-sensitive. Pulse techniques 
must be used that will maintain the junction temperature as close to the ambient temperature as is possible. 
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n066M, n0661, n066C, n066C, n066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

operating characteristics. VCC± - ± 15 V. TA - 25°C. Rext - 0 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

SR Slew rate at unity gain 
VI = 10V, 

CL = 100 pF, 

RL = 10 kll, 
See Figure 1 

1.5 3.5 Vi"" 

tr Rise time VI = 20 mV, RL = 10 kll 0.2 ~s 

Overshoot factor CL = 100 pF, See Figure 1 10% 

Vn Equivalent input noise voltage RS - 100 Il, f - 1 kHz 42 nV/..jFfZ 

PARAMETER MEASUREMENT INFORMATION 

10 kll 

RL - 10 kll 

FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. GAIN-OF-10 INVERTING AMPLIFIER 

INPUT OFFSET VOLTAGE NULL CIRCUIT 

N1 N2 

i 
Vcc-

FIGURE 3 
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TL066M, TL0661, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VCC± - ±15 V 
> 
I Rext - 0 

/ 

/ 

/ 

/ 

/ 

./ 

- f..-- ..... 

RL - 10 kll 
3. :t 12.5 
~ 

T A - 25·C +---j---+--I----,,f---j 
See Figure 2 

~ 
5 
~ o ... 
II 

l. 

~ ." II 
:E 
I 

::iE 
o 
> 

±10r--+-~-+---jr-

:t 7.5 f----+-+--f-

:t2.5f---+-7~-~~f---+-~-+---j 

OL-~_-L_L-~L-~_-L_L-~ 

-50 -25 0 25 50 75 100 125 o 2 4 6 8 10 12 14 16 

±15 

TA-Free-Air Temperature-·C 

FIGURE 4 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

EXTERNAL CONTROL RESISTANCE 

I 111111 II RL - 10 kll > :t15 
I 

IVcc:t I-Supply Voltage-V 

FIGURE 5 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

t'±12.5 
I 

""" II 
...... 

RL - 2 kll ....... 

., 
'" ~ :t 12.5 
0 

> 
5 
~ 
0 ... 
II 

l. 
E 
::s 
.~ 
II 
:E 
I 
:E 
0 
> 

±10 

±7.5 

\ 
±5 

±2.5 
f-VCC± - ±15 V 

o 
1 

TA - 25·C 
111111111 111111111 

10 100 1 k 10 k 100 k 

Rext - External Control Resistance - Il 

FIGURE 6 

> 
5 

:t10 ~ 
0 ... 
II :t7.5 l. 
E ::s 
E :t5 ." II 
:E VCC:t-:t15V 
I ±2.5 ::iE 
0 
> 

Rext - 0 
RL - 10 kll 
See Figure 2 

o I j I 
-75 -50 -25 0 25 50 75 100 125 

T A - Free-Air Temperature- ·C 

FIGURE 7 

t Data at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TL066M, TL0661, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

> 
I 

±15 

MAXIMUM PEAK OUTPUT YOLTAGE 
VB 

LOAD RESISTANCE 

VCC±-±15V 

8. ±12.5 
Rext - 0 V 
TA - 25°C V ! 

s 
S 
0 ... .. .. a.. 
E 
::I 

.5 .. .. 
== I 

== 0 
> 

! 
> 
I 

15 
'i 

i 
E 
c( 

See Figure 2 

±10 

±7.5 

±5 
/1 

/ 
V 

V 
±2.5 

o 
100 200 400 7001 k 2 k 4 k 7 k 10 k 

RL - Load Reslstence -0 

FIGURE 8 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

EXTERNAL CONTROL RESISTANCE 
8 

7 

6 

5 
r-... 

\ 

Vc C±-±15V 

- RL - 10 kO 
TA - 25°C 

'""" I"" 
10 100 1 k 10k 100k 

Rext - External Control Resistance-O 

FIGURE 10 

±15 
> 
I 

J ± 12.5 

~ I ±10 

1 ±7.5 

I ±5 

I 
:Ii! ±2.5 
o 
> 

o 

MAXIMUM PEAK OUTPUT VOLTAGE 
VB 

FREQUENCY 

VCCI± "':'''I± 15 1" IR~~t - 0 

I I" "'" '" 
RL - 10 kO 

VC~~II~"'~ 1~ i TA - 25°C 
See Figure 2 

VCC±-±5V 

" "'" 
VCC± - ±2 V ~ 

111,1111 
1 k 10 k 100 k 1M 10 M 

~10 
:;; 
I 

.8 7 

~' 

14 
I 
! 2 

I 
~ 
I 

~ 1 

f-Frequency- Hz 

FIGURE 9 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 

VCC± - ±15 V 
Rext - 0 
RL - 10 kO 

/'" 
.-

• 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Alr Temperature- °C 

FIGURE 11 

t Dataet high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices, 
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TL066M, TL0661, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

LARGE SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

AND PHASE SHIFT 
VB 

FREQUENCY 

~ 105r---~--~--~--~--~--r-~ 
:> 
I 
c J 104 I--I-~ ..... 

VCC± - ±16 V 

0° 

is. 
~103~--~-4~~-- 45° It: .c 
3. 1/1 

II 
VI 
II 

90° if ! 102~--~--~--~~~-~~~~ 
! ,. 135° 

I 
Q 

~ 1 L-__ "'--__ "'--__ "'--__ "'--__ "'-----'L-......... 180 ° 

< .. 
I 

1: 
I!! 
!5 u 

~ 
CI. 
::I 
III 
I 
tI 
U 
S; 

1 10 100 1 k 10 k 100 k 1 M 10 M 

400 

200 

100 

70 
40 

20 

10 

7 

f-Frequency-Hz 

FIGURE 12 

SUPPLY CURRENT 
vs 

EXTERNAL CONTROL RESISTANCE 

111111111 I UlllIII 111111111 II IIIII 

VCC±-±15V 11111111 II 11111 
VCC± - ±6 V 

VCC± - ±2 V ~,IIIIII 

~ 
~ 

TA - 26°C 

~ 
See Figure 1 

f= No Signal 
r- No Load 

4 
1 

11111 

10 100 1 k 10k 100k 

Rext-External Control Resistance-O 

FIGURE 14 

250 

'i 200 
I 

1: 
~ 
8 150 

~ 
CI. 
::I 
~ 100 

+1 
U 
S; 

50 

o 

250 

< 200 .. 
I 

1: 
~ 150 
::I 
u 

~ 
§'100 

1/1 
I 
tI 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

Rext - 0 
TA - 25°C 

I--No Signal 
No Load f..--~ -----

o 2 4 6 8 10 12 14 16 

IVcc±I-Supply Voltage-V 

FIGURE 13 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

-~ --r--. 

VCC± - ±15 V 
~ 60 r---Rext - 0 

No Signal 

o 
NOI Load I 

I 
-75-50-25 0 25 50 75 100 125 

TA-Free-Air Temperature-·C 

FIGURE 15 

toata at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TL066M. TL0661. TL066C. TL066AC. TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

10000 

3: 4000 ... 
I 
c 

.S! ! 1000 
'iii 

is 
;0 400 
iC 
0 

B. 

1 100 

l-
I 40 0 

B. 

TOTAL POWER DISSIPATION 
vs 

EXTERNAL CONTROL RESISTANCE 

r-Vcc+ - ± 15 V 
f- mimi 111111111 

Vcc± - ±6 V ........ 
11111 1111 

~ VCC±-±2V 

11111111 11111 

11111111 11111 
~ TA - 25°C C: 

No Signal -
- No Load 

10 
1 

11111111 11111 
10 100 1 k 10 k 100 k 

III 87 
't:I 
I 
o 
'g 86 
a: 
S 
·ti 85 

i 
i 84 
::iE g 

83 

J 
I 82 

a: a: 
::iE 
CJ 81 

Rext - External Control Resistance-O 

FIGURE 16 

ALL EXCEPT TL066C 
COMMON-MODE REJECTION RATIO 

vs 
FREE-AIR TEMPERATURE 

Vcc± - ± 15 V 

Rext - 0 
RL - 10 kO V ---/ 

/ 
V 

I 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature- °C 

FIGURE 18 

III 87 
't:I 
I 

.g 86 
G. 
c 

.S! 
1; 85 

f 
-8 84 
o 

::iE 
C 
~ 83 
E 
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I 82 
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::iE 
CJ 81 

ALL EXCEPT TL066C 
COMMON-MODE REJECTION RATIO 

vs 
EXTERNAL CONTROL RESISTANCE 

r-... 

\ 

VCC+ - ±15 V 
RL - 10 kO 
TA - 25°C 

II Willi 111111111 
1 10 100 1 k 10 k 100 k 

~ 120 

~ 
I 
3. 

100 

! 80 

.! 
z 60 
'$ 

~ 
C 40 
.!! 

i 20 

I 

Rext-External Control Resistance-O 

FIGURE 17 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

111111 II 
VCC'~"- ±15V 

r\ RS - 1000 

~IIIII • I 16tHO TA - 25°C 

~\ ext I 11111111 

~ tJ.U ill "-
Rext - 10 kO 

i'" 
Rext - 0 

-:: 0 
10 40 100 400 1 k 4 k 10 k 40 k 100 k 

f-Frequency-Hz 

FIGURE 19 

tOata at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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n066M, n0661, n066C, n066AC, n066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

SOURCE RESISTANCE 

11111 
V'" Rext - 0 

I II 
5 kll 

~ 

50 kll 

1~0Ik,1l 

VCC± - ±11)J 
RL - 10 kll 

Tj il~iI~C III 

4 

N 

~ 2 
I 

~ 
~ 
&I 0.7 
.5 .. 
~0.4 
.1:: c 
::J 

!..0.2 
m 

0.1 

UNITY GAIN BANDWIDTH 
vs 

EXTERNAL CONTROL RESISTANCE 

VCC+ -.1~~,5V 

+2 V 

,... 

I' 

RL - 10 kll 
TA - 25°C 

i"11111I1I I I 

10 40 100 4001 k 4 k 10 k 40 k100 k 1 10 100 1 k 10 k 100 k 

4 

~ 
3 

o 
1 

Rs-Source Resistance-Il 

FIGURE 20 

SLEW RATE 
vs 

EXTERNAL CONTROL RESISTANCE 

III TTTTllIIi ,_, J I.I! 
VCC±-±15V 
RL - 10 kll 
CL - 100 pF 
TA - 25°C 

l'\ 
See Figure 1 

l'\ 
I 

I'-.. 

10 100 1 k 10 k 100 k 
Rnt - External-Control Resistance - Il 

FIGURE 22 

s 

Rext - External-Control Resistance - Il 

FIGURE 21 

NORMALIZED UNITY GAIN BANDWIDTH 
SLEW RATE, AND PHASE SHIFT 

vs 
FREE-AIR TEMPERATURE 

r! 1.3 .--~--.-.,....-.--~--.-.,....- 1.03 

£ 
" 1.2 1.02 

5 ~ 
:§ 1.1 ~-+-':~~+--.j---t--+.;It!-~- 1.01 as 
~ : 
l f 
c " ~ ~ 
~ ~ l: 0.9 0.99 is 
§ 2 

-g VCC± - ±15 V 
'""0; 0.8 RL - 10 kll 
_ f - B 1 for Phase Shift 
2 0.7 0.97 

-+---+-+-----4 0.98 

-75-50-25 0 25 50 75 100125 
TA-Free-Air Temperature- °C 

FIGURE 23 

toata at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices. 
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TL066M, TL0661, TL066C, TL066AC, TL066BC 
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS 

6 

> 4 
I .. .. 
Ol 2 ~ 
0 
> 
S 0 
~ 
0 
't:I -2 c .. 
S 
0. 
.5 -4 

-6 

TYPICAL CHARACTERISTICSt 

VOLTAGE FOLLOWER 
LARGE SIGNAL PULSE RESPONSE 

-
o 

INPUT --- -, 
II 1\ 

/ \ 
/ \OUTPUT 

/ VCC± a ±15 V \ Rext - 0 
RL - 10 kO 
CL - 100 pF 
TA - 25°C 

2 4 
t-Time-I's 

FIGURE 24 

--- '---

6 8 10 

28 

24 

> 
E 20 
I 
II 

2' 16 

~ 
S 12 
0. 
S o 8 
I 
o > 4 

o 

-4 

'--

OUTPUT VOLTAGE 
vs 

ELAPSED TIME 

rJ,·lOT - ;::( 
IT 90~ -
/ 
I 
J 

VCC± - ±15 V 
10% t- Rext - 0 

RL - 10 kO 
j-tp. TA - 25°C 

o 0.2 0.4 0.6 0.8 

t-Time-I's 

FIGURE 25 

1.2 1.4 

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

INPUT 100 kl! 

A 

INPUT 100 kl! 

B 

Rext 

Vcc-

TYPICAL APPLICATION DATA 

10 kll. 
0.1% 

Rext 

~------------------~-'-'OUTPUT 

Vcc-

10 kll. 
0.1% 

Vcc-

FIGURE 26. INSTRUMENTATION AMPLIFIER 
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0.1 "F 

rrr 
47 kO 

n066M. n0661. n066C. n066AC. n066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

10 kO 100 kO 1 kO 

-= 
1 "F 

0.06 "F 0.06 "F 

100 kO 10 kO 

0.002 "F 50 kO 

100 kO 10 kO 

'----..--'lM.----o......-th 
50 kO 0.02 "F -= 

FIGURE 27. MICROPHONE PREAMPLIFIER WITH TONE CONTROL 

0.1 "F 

1 MO 

FIGURE 28. AC AMPLIFIER 
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TL066AC, TL066BC 
ADJUSTABLE LOW·POWER JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

IC PREAMPLIFIER RESPONSE CHARACTERISTICS 

o 
"'0 
CD 
; 
r+ O· 
::s 
!!. 

2-386 

0.003751'F 

0.011'F 

50 pF 

220 k!l 

27 kll 

25~-nTITrr--'''nT~--~-nTITrr-~ 

1111111 IMJ(j" MAX BASS 
20~-H~a-~~H+~--~ -

VCC± - ±15 V TREBLE/, 
!8 15 H-I-+Mt-TA - 25°C 
I 10 '\. See Figure 30 I : ~, 
~ -5 

~ - 10 H-H~IH/4-+-l'-H-~--H-H~a---l 
-15H-H~a-~+-l'-H-~--H-H+H~--l 

MIN ....... 
-20 ~-H~a-~+-l'-H-~--~ -

~I~ M~~ 1~Wh~ 
-25~~~~~~~~--~~~~~ 

20 40 100200400 1 k 2 k 4 k 10 k 20 k 
f-Frequency- Hz 

FIGURE 29 

10 k!l 

MIN 
VCC+ 100 kll 

BASS 
MAX 

0.031'F 
10 kll 

+ 

47 k!l 

FIGURE 30. Ie PREAMPLIFIER 
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TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS 
SEPTEMBER 197B-REVISED JANUARY 1989 

19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES 

• Low Power Consumption 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 

• Low Total Harmonic Distortion ... 
0.003% Typ 

• Common-Mode Input Voltage Range 
Includes VCC+ 

description 

• Low Noise ... Vn - 18 nV(../Hz Typ 

• High Input Impedance •.. JFET-Input Stage 

• Internal Frequency Compensation (Except 
TL070, TL070A) 

• Latch-Up-Free Operation 

• High Slew Rate .•. 13 V(p.s Typ 

The JFET-input operational amplifiers in the TL07 _ series are designed as low-noise versions of the TL08_ 
series amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion 
and low noise make the TL07 _ series ideally suited as amplifiers for high-fidelity and audio preamplifier 
applications. Each amplifier features JFET-inputs (for high input impedance) coupled with bipolar output 
stages all integrated on a single monolithic chip. 

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

AVAILABLE OPTIONS 

PACKAGE 

VIOMAX SMALL CHIP CERAMIC CERAMIC METAL PLASTIC PLASTIC FLAT 
TA 

AT 25°C OUTLINE CARRIER DIP DIP CAN DIP DIP PACK 
(D) (FK) (J) (JG) (Ll (N) (P) (W) 

10mV TL070CD TL070CJG TL070CP 

6mV TL070ACD TL070ACJG TL070ACP 

10mV TL071CD TL071CJG TL071CP 

6 mV TL071ACD TL071 ACJG TL071ACP 

3 mV TL071 BCD TL071 BCJG TL071BCP 
OOC 

10 mV TL072CD TL072CP TL072CJG 
to 

6 mV TL072ACJG TL072ACP TL072ACD 
70°C 

TL072BCD TL072BCJG 3 mV TL072BCP 

10 mV TL074CD TL074CJ TL074CN 

6 mV TL074ACD TL074ACJ TL074ACN 

3 mV TL074BCD TL074BCJ TL074BCN 

10mV TL075CN 

-40°C 
6 mV TL070lD TL070lJG TL070lP 

6 mV TL07110 TL0711JG TL0711P 
to 

6 mV 
85°C 

TL0721D TL072IJG TL072IP 

6 mV TL0741D TL0741J TL0741N 

-55°C 6 mV TL071MFK TL071MJG TL071ML 

to 6 mV TL072MFK TL072MJG TL072ML 

125°C 9 mV TL074MFK TL074MJ TL074MW 

The 0 package is available taped and reeled. Add the suffix R to the device type (e.g .• TL071 CDR). 

Copyright @ 1983, Texas Instruments Incorporated 
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TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, n072B, TL074, TL074A, TL074B, TL075 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TL070. TL070A 
D. JG. OR P PACKAGE 

ITOP VIEW) 

TL071. TL071 A. TL071 B TL072. TL072A. TL072B 
D. JG. OR P PACKAGE D. JG. OR P PACKAGE 

(TOP VIEW) {TOP VIEWI 

NlICOMP D8 CaMP 
IN- 2 7 VCC+ 
IN + 3 6 OUT 

VCC - 4 5 OFFSET N2 

N1/0FFSETu8 NC {OUTD8 vcc+ 
IN- 2 7 VCC+· AMPL IN- 2 7 OUT}AMPL 
IN + 3 6 OUT #1 IN + 3 6 IN - #2 

VCC- 4 5 OFFSET N2 VCC- 4 5 IN+ 

TL074. TL074A.TL074B 
D. J. OR N PACKAGE 

TL074 ... W PACKAGE 
(TOP VIEW) 

AMPL{ OUT OUT}AMPL 
#1 IN- IN- #3 

IN+ IN+ 

VCC+ VCC-

AMPL{ IN + IN + \ AMPL 

#2 ~NU~ ~U-T J #4 

NC 4 

IN- b 

NC 6 

IN+ 
NC 8 

'-\,;._-..:.ir' 

TL071 ... L PACKAGE 

ITOPVIEW) 

NC 

VCC-

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE 

TL071 
FK PACKAGE 

(TOP VIEW) 
U~UUU zzzzz 
3 2 1 20 19 

9 10 11 12 13 

U I UN U 
Z UZ Z Z 

U 
> 

18 

17 

16 

" 14 

NC 4 

1 IN- 5 

NC 6 

1 IN + 7 
NC 8 

NC - No internal connection. 

TL072 
FK PACKAGE 

(TOP VIEW) 

!:; 0 
U 0 U uu 
z~z>z 

3 2 1 20 19 

9 1011 12 13 

18 

17 

16 

15 

14 

TL075 
N PACKAGE 

(TOP VIEW) 

AMPL{ IN - IN - }AMPL 
# 1 IN + IN + #3 

OUT OUT 

AMPL{OUT VCC + 
#2 IN + OUT} AM. PL 

IN - IN+. #4 
VCC·- '-\,;._-..:.ir' IN-

TL072 ... L PACKAGE 
(TOP VIEW) 

VCC'" 

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE 

11N+ 4 

NC 5 

VCC+ 6 

NC 7 

21N+ 8 

TL074 
FK PACKAGE 

(TOP VIEW) 

I!:; !:;l 
~OUo~ 
__ Z"Ot..q 

3 2 1 20 19 

9 10 11 12 13 

II-UI- I z:::Jz:::J z 
-0 0-

18 

17 

16 

15 

14 

VCC-
NC 
31N+ 
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TL010, TL010A, TL011, TL011A, TL011B, 
TL012, TL012A, TL012B, TL014, TL014A, TL014B, TL015 

LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

schematic 'each amplifier) 

Vcc+----------~~------------._--------~--~----_e--~--~ 

NONINVERTING ------------jf-----------, 
INPUT 

symbols 

N1'COMP 

COMP 

IN+ 

IN-

N2 

INVERTING 
INPUT 

r­
I 10800 

-. I 
10800 

I 

... 
E ... 
::l 
0 

I VCC--+I---t------~~--~--i,~.-------~----~~----~~ 

OFFSET OFFSET 
NUll NUll 
,(N11 (N21, 

~--------~v~----------J 
Tl071 ONLY 

TL070 

Tl071 

N1 

IN+ 

OUT 

IN-

N2 

C1 = 18 pF ON Tl071 , TL072, TL073, 
TL074, AND TL075 ONLY. 
COMPONENT VALUES SHOWN ARE NOMINAL. 

OUT 

Tl072 (EACH AMPLIFIERI 
Tl074 (EACH AMPLIFIERI 

IN+=b>-

IN- -

OUT 
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n070, n070A, n071, n071A, n071B, 
n072, n072A, n072B, n074, n074A, n074B, n075 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

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

TL07_C 

TL07~ TL07--' TL07...AC UNIT 

TL07JC 

Supply voltage, Vec + (see Note 1) 18 18 18 V 

Supply voltage, VCC- (see Note 1) -18 -18 -18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 
Input voltage (see Notes 1 and 3) ±15 ±15 ±15 V 

Duration of output short circuit (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 -40 to 85 o to 70 °e 
Storage temperature range -65 to 150 -65 to 150 -65 to 150 °C 
Case temperature for 60 seconds FK package 260 °e 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds 
J, JG, or 

W package 
300 300 3DO °e 

Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds 
D, N, or 

260 260 °e 
P package 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds L package 300 °C 

NOTES: 1. All voltage values, ,except differential voltages, are with respect to the midpoint between Vec+ and VCC-. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
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 to either supply. Temperature and/or supply voltages must be limited to ensure that 

the dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA:S 25°C DERATING DERATE TA - 70°C TA - 85"C TA - 125°C 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 
D (8-pin) 680mW 5.8 mW/oe 33°C 464mW 377mW N/A 

D 114-pin) 680mW 7.6 mW/oe 60°C 608mW 494mW N/A 

FK 680mW 11.0 mw/oe 88°C 680mW 680mW 275 mW 
J (TL07_M) 680mW 11.0 mw/oe 88°C 680 mW 680mW 275 mW 
J (all others) 680mW 8.2 mW/oe 67°C 656 mW 533 mW N/A 

JG (TL07_MI 680mW 8.4 mW/oC 69°C 672 mW 546mW 210mW 
JG (all others) 680mW 6.6 mw/oe 47°C 528 mW 429mW N/A 

L 680mW 6.6 mW/oe 25°C 528 mW 429 mW 165mW 
N 680mW 9.2 mW/oC 76°C 680mW 598 mW N/A 
P 680mW 8.0 mW/oC 65°C 640mW 520mW N/A 
W 680mW 8.0 mw/oe 65°C 640mW 520mW 200mW 
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TL071M, TL072M, TL074M 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

electrical characteristics, VCC± - ± 15 V (unless otherwise noted) 

TL071M 
TL074M 

PARAMETER TEST CONOITIONSt TL072M UNIT 

MIN TYP MAX MIN TYP MAX 

Va = 0, ITA=25°C 3 6 3 9 
mV Via Input offset voltage 

RS = 500, I TA = -55°C to 125°C 9 15 

Temperature 
Va = 0, RS = 500, 

aVIO coefficient of 18 18 ~V/oC 

input offset voltage 
TA = -55°C to 125°C 

Input offset TA = 25°C 5 100 5 100 pA 
110 current* 

Va = 0 
TA = -55°Cto 125°C 20 20 nA 

TA - 25°C 65 200 65 200 pA 
liB Input bias current Va = 0 

TA = -55°C to 125°C 50 50 nA 

-12 -12 
Common-mode 

TA = 25°C ±11 V VICR ±11 to to 
Input voltage range 

+15 +15 

Maximum RL = 10 kO TA = 25°C ±12 ±13.5 ±12 ±13.5 

VOM peak output RL'" 10 kO ±12 ±12 V 

voltage swing RL",2kO 
TA = -55°C to 125°C 

±10 ±10 

Large-signal Va = ±10V. TA = 25°C 35 200 35 200 
AVO differential voltage V/mV 

amplification RL'" 2 kO TA = -55°C to 125°C 15 15 

Bl Unity-gain bandwidth TA = 25°C 3 3 MHz 

'I Input resistance TA = 25°C 1012 1012 0 

CMRR 
Common-mode VIC - VICR min, Va - 0, 

BO B6 80 86 dB 
rejection ratio RS = 500, TA = 25°C 
Supply voltage 

VCC = ±15 V to ±9 V, Va = 0, 
kSVR rejection ratio 80 86 80 86 dB 

(.:1VCC±/.:1VIO) 
RS = 500, TA = 25°C 

ICC 
Supply current No load, Va = 0, 
(each amplifier) TA = 25°C 

1.4 2.5 1.4 2.5 mA 

Vol N 02 Crosstalk attenuation AVO = 100, TA = 25°C 120 120 dB 

tAli characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. 
*Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown 
in Figure 6. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible. 
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electrical characteristics, Vee ± = ± 15 V (unless otherwise noted) 

TlO701 TlO70C TlO70AC TlO70BC 

TlO7l1 TL071C TlO71AC TlO71BC 

PARAMETER TEST CONOITIONS t TlO721 TL072C TlO72AC TlO72BC UNIT 

TlO741 TlO74C TlO74AC TlO74BC 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo ~ 0, ITA~25°C 3 6 3 10 3 6 2 3 
VIO Input offset voltage I TA = full range 

mV 
RS ~ 50 0 8 13 7.5 5 

Temperature 
Vo ~ 0, RS~500, 

coefficient of 18 18 18 18 INloC aVIO T A = full range 
input offset voltage 

Input offset TA ~ 25'C 5 100 5 100 5 100 5 100 pA 
110 

current:t 
Vo ~ 0 

T A = full range 10 2 2 2 nA 

Input bias current:t: 
TA ~ 25'C 65 200 65 200 65 200 65 200 pA 

liB Vo ~ a 
T A = full range 20 7 7 7 nA 

-12 -12 -12 -12 
Common-mode 

VICR TA ~ 25°C ±11 to ±11 to ±11 to ±11 to V 
input voltage range 

+15 +15 +15 +15 

Maximum Rl ~ 10 kO TA ~ 25'C ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 

VOM peak output Rl " 10 kO ±12 ±12 ±12 ±12 V 

voltage swing Rl " 2 kll 
T A = full range 

±10 ±10 ±10 ±10 

Large-signal VO~±10V. TA ~ 25'C 50 200 25 200 50 200 50 200 

AVD differential voltage V/mV 

amplification Rl 2:: 2 kQ T A = full range 25 15 25 25 

81 Unity-gain bandwidth TA = 25°C 3 3 3 3 MHz 

'j Input resistance TA = 25°C 1012 1012 1012 1012 0 

Common-mode VIC = VieR min, Vo = 0, 
CMRR 80 100 70 100 80 100 80 100 dB 

rejection ratio RS ~ 50 II, TA = 25°C 

Supply voltage 
VCC ~ ±15Vto ±9V, Vo ~ 0, 

kSVR rejection ratio 80 100 70 100 80 100 80 100 dB 

,avCC ±,aVIOI 
RS ~ 500, TA = 25°C 

Supply current No load, Vo ~ 0, 
2.5 2.5 1.4 ICC 1.4 1.4 1.4 2.5 2.5 mA 

(each amplifier) TA = 25°C 

Vo1/Vo2 Crosstalk attenuation AVD ~ 100, TA = 25°C 120 120 120 120 dB 

tAU characteristics are measured under open~loop conditions with zero common~mode voltage unless otherwise specified. Full range for TA is -40°C to 85°C for TL07_1 and ooe to 70°C 
fo' Tl07 _C, Tl07 ~C, and Tl07 _BC. 

:f.:lnput bias currents of a FET~input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 6. Pulse techniques must be used that will maintain 
the junction temperature as close to the ambient temperature as possible. 
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n070, n070A, n071, n071A, n071B, 
n072, n072A, n072B, n074, n074A, n074B, n075 

lOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

operating characteristics. VCC± = ± 15 V. TA "" 25°C 

PARAMETER 

SA Slew rate at unity gain 

Rise time 
tr 

overshoot factor 

Equivalent input 
Vn 

noise voltage 

In 
Equivalent input 

noise current 

THO 
Total harmonic 

distortion 

TEST CONDITIONS 
TLOL_M 

MIN MAX TYP 

VI = 10V, Al = 2 kll, 

Cl = 100 pF, See Figure 1 
8 13 

VI - 20 mV, AL-2kll, 0.1 

CL = 100 pF, See Figure 1 20 

I 1= 1 kHz 18 
RS = 100 11 I I - 10 Hz to 10 kHz 4 

AS = 100 11, I = 1 kHz 0.01 

VO(rms) - 10 V, AS s 1 kll, 
0.003 

Al ;. 2 kll, I = 1 kHz 

PARAMETER MEASUREMENT INFORMATION 

RL -
2 kll 

10 kll 

CL -
1'100 pF 

ALL OTHERS 
UNIT 

MIN TYP MAX 

8 13 VI".. 

0.1 ".. 
20 % 
18 nV/$. 

4 ~V 

0.01 pAl$. 

0.003 % 

100 kll 

C2 

FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. GAIN-OF-10 
INVERTING AMPLIFIER 

FIGURE 3. FEED-FORWARD 
COMPENSATION 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

fl.5 kll 

VCC-

FIGURE 4 FIGURE 5 
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n070, n070A, n071, n071A, n071B, 
n072, n072A, n072B, n074, TL074A, TL074B, n075 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

00( 
c 
I 
C 
~ 
::I 
U .. 
II 
iii 
5 
Q. 
C 
"'j 
~ 

> 
I 
II 

100 

10 

0.1 

0.01 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vcc± - ±15 V 

/ 

L 

/ 

-50 -25 0 25 50 75 100 125 

±15 

T A - Free-Air Temperature- °C 

FIGURE 6 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

RL-2kll 
TA - 25°C 

i' ± 12.5 
l~tl'~II!J~ 

See Figure 2 
ii 
> 
5 
! 
0 ... 
i 
E 
::I 
E ... 
II 

::E 
I 
::E 
0 
> 

±10 

±7.5 

±5 

±2.5 

o 
100 

,~ll!~,ll " 
VCC±-±5V 

~ 

1 k 10 k 100 k 1 M 10 M 

f-Frequency-Hz 

FIGURE 8 

> 
I ., 

±15 

i' ± 12.5 

~ 
5 ±10 g 
~ ±7.5 
i 
.; ±5 

::E 
I ±2.5 
::E o 
> 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

Vcc± -"';t 15 V Rt''':; 10 kll 

" 
TA - 25°C 
See Figure 2 

VCC± - ±10 V 

- VCC± - ±5 V 

'\ 
o 
100 1 k 10 k 100 k 1 M 10 M 

> 
I ., 

±15 

;' ±12.5 

~ 
5 ±10 

! o 
~ ±7.5 
i 
E 
::I 

.~ .. 
::E 
I 

::E o 
> 

±5 

±2.5 

o 

f-Frequency- Hz 

FIGURE 7 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

c- L' J 'Jl~b~_ VCC± - ±15 V 
RL - 2 kll 

Iiili I FigT 2 \ rA
-

-55°C 

TA - 1250~\ ~ 

~ 

\ 
~~ ~ ~ 

10 k 40 k 100 k 400k1M 4 M 10 M 

f-Frequency- Hz 

FIGURE 9 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. An 
18-pF compensation capacitor is used with TL070 and TL070A. 
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TL070. TL070A. TL071, TL071A. TL071B 
TL072. TL072A. TL072B. TL074. TL074A. TL074B. TL075 

LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

MAXIMUM PEAK OUTPUT VOLT AGE 
vs 

FREE-AIR TEMPERATURE 

RL - 10 kll 

RL - 2 kll 

t-' -

VCC± - ±15 V 
See figure 2 

> 
I ., 

±15 

~ ±12.5 

~ 
±10 

~ ±7.5 
i 
E 
" .§ 
1: 
:i! 
I 

~ 
> 

±5 

±2.5 

o 

LOAD RESISTANCE 

VCC±-±15V 
TA - 25°C i--" 
See figure 2 V 

1/ 

/ 
I 

/ 
I 

-75 -50 -25 o 25 50 75 100 125 0.1 0.2 0.4 0.7 1 2 4 7 10 

l> 
I 

±15 

i ±12.5 

~ 
±10 

~ ±7.5 
:. 
E 
" .~ .. 
:i! 
I 

~ 
> 

±5 

±2.5 

o 
o 

TA-free-Air Temperature- °c 

FIGURE 10 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

RL - 10 kll 
TA - 25°C / 

V 
/ 

V 

V~ 

V 

2 4 6 8 10 12 14 16 

IVcc± I-Supply Voltage-V 

FIGURE 12 

RL -Load Resistanca-kll 

FIGURE 11 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 

> 1000 

~ 
I 400 i 200 

is. 100 
E 
c( 40 

I 20 

I 
I 

10 

4 

2 

1 

FREE-AIR TEMPERATURE 

---........ 

VCC± - ±15 V 
VO-±10V 
RL - 2 kll 

2 -75 -50 -25 0 25 50 75 100 125 
TA-free-Air Temperature- °C 

FIGURE 13 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. An 
18-pF compensation capacitor is used with TL070 and TL070A. 
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TL070, TL070A, TL071, TL071A, TL071B, 
TL072, TL072A, TL072B, TL074, TL074A, TL074B, TL075 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

i 
11 
'a co 
cI'I 
.fj 

~ 
;t: 
co 
::l 
'a 
II 

~ 
~ z 

TYPICAL CHARACTERISTICSt 

TL070 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

FREQUENCY WITH FEED-FORWARD 
COMPENSATION 

VCC-:l:15V 

........... 
C2 - 3 pF 
TA - 25°C 

"'r-,. See Figure 3 

\ 
f\. 

\ 
\ 
~ 

1 k 10 k 100 k 1 M 10 M 
f-Frequency-Hz 

FIGURE 14 

NORMALIZED UNITY-GAIN BANDWIDTH 
and PHASE SHIFT 

vs 
FREE-AIR TEMPERATURE 

1.3 r---,.-,--T"'"--,---,.-,--T"'"-,1.03 

1.2 1.02 

1.1 1.01 ~ 
:= .. .c 

D. 
'a 
II .= 

0.9 0.99 ~ 

0.8 0.98 

0.7 0.97 
-n-~-~ 0 ~ ~ n 1001~ 

TA-Free-Alr Temperature- °C 

FIGURE 16 

IS z 

LARGE"SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHIFT 
vs 

FREQUENCY 
106r---r--r-~r-~r-~-~-~ .8 VCC:I:-:l:5VtO:l:15V 

.. RL-2kO 
~ 1051--~3trI-TA _ 25°C 

l I I I 
"" 1 04 DIFFERENTIAL t VOLTAGE 

0° 

~ 103 ~-H-~-~~ 46° 

l ~ 
! 102r---r-~~~--~~~--~~-;900 .. 

~ l 
6 101 135° > Irlght scalel 

"" 1 180° 
1 10 100 1 k 10 k 100 k 1 M 10 M 

III 89 
'a 
I 
.j 88 
a: 
5 
'fi 87 

I 
~ 86 
~ 
.: 
~ 85 

~ 
I 84 

I 83 

f-Frequency - Hz 

FIGURE 15 

COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

VCC:I:-:l:15V 
RL - 10 kO 

... r-

-75 -60 -25 0 26 60 75 100 125 
TA-Frae-Alr Temperature- °C 

FIGURE 17 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. An 
18-pF compensation capacitor is used with TL070 and TL070A . 
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TL070. TL070A. TL071. TL071A. TL071B 
TL072. TL072A. TL072B. TL074. TL074A. TL074B. TL075 

LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

SUPPLY CURRENT PER AMPLIFIER 
vs 

SUPPLY VOLTAGE 

I 

TA - 25·C 
No signal 
No load 

2 4 6 8 10 12 14 16 

IVcc± I-Supply Voltage-V 

FIGURE 18 

TOTAL POWER DISSIPATED 
vs 

FREE-AIR TEMPERATURE 

Vcc± - ±15 V 
No signal 

...... r---. 
No loadl I 

r--~L074. TL075 

-........... r......... 

- I-- -2t072 

TL070. TLo71 - r--
I 

2.0 
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1 1.6 
I 
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" 1.2 u 
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"-eli 0.8 
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u 
9 0 .4 
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SUPPLY CURRENT PER AMPLIFIER 
vs 

FREE-AIR TEMPERATURE 

Vcc± - ±15 V 

r---. No signal 
No load 

............. r-,. 

.............. ........., 
-........... 

............ 

-75 -55 -25 0 25 50 75 100 125 

a::1 

a 
] 

1.15 
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1.05 

10.95 
Z 

0.90 

0.85 

TA-Fraa-Air Tamparature-·C 

FIGURE 19 

NORMALIZED SLEW RATE 
vs 

FREE-AIR TEMPERATURE 

! 
VCC± - ±15 V 
RL - 2 kD 

-CL - 100 pF 

-"" .............. 
............ 

.......... 

" 
-75 -50 -25 o 25 50 75 100 125 -75 -50 -25 o 25 50 75 100 125 

TA-Free-Air Temperatura-·C TA -Free-Air Temperatura-·C 

FIGURE 20 FIGURE 21 

toata at high and low temperatures are applicable only within the .ated operating free-air temperature ranges of the various devices. An 
18-pF compensation capacitor is used with TL070 and TL070A. 
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n070, n070A, n071, n071A, n071B, 
n072, n072A, n072B, n074, n074A,TL074B, n075 
LOW·NOISE JFEHNPUT OPERATIONAL AMPLIFIERS 

~ 50 

~ 
140 

I 
.. 30 
.~ 
z o 5 

"'C ~ 20 
CD a i 
0_· ~ 10 

& :::J IU 

!. 1 

TYPICAL CHARACTERISTICS 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

111111 

VCC± - ±15 V 

\ AVO - 10 
RS - 100 Il 

\ TA - 25°C 

I\. 

?fl. 
1 

0.4 

c 
0 
·f 

~ 0.1 

u ·c 0.04 
0 
§ .. 
J: 
Ii 0.01 

~ 
60 .004 
J: ... 

TOTAL HARMONIC DISTORTION 
vs 

FREQUENCY 

VCC± - ±15 V 
AVO - 1 
VI(RMS) - 6 V 
TA - 25°C 

I 

-: 0 » 10 
3 

40 100 400 1 k 4 k 10 k 40 k 100 k 

f-Frequency-Hz 

0.001 
100 400 1 k 4 k 10 k 40 k 100 k 

"2-
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CD' .. 
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i -2 
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- -4 
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2·398 

FIGURE 22 

VOL TAGE·FOLLOWER 
LARGE·SIGNAL PULSE RESPONSE 

VCC±-±15V --- RL - 2 kll 

28 

11 

f-Frequency- Hz 

FIGURE 23 

OUTPUT VOLTAGE 
vs 

ELAPSED TIME 

-, 
CL - 100 pF 

V OUTPUT l~A - 25°C 

24 
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f 16 
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t-Time-I's 

FIGURE 24 
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RF - 100 kll 

+15 V 

3.3 kll 

no1O, n070A, n071, n071A, n071B 
n072, n072A, n072B, n074, n074A, n074B, n075 

LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

OUTPUT R1 
INPUT_~""' __ JVl.I\r-1.-t OUTPUT 

1 kll 
CF - 3.31'FJ 

3.3 kll R1 - R2 - 2R3 - 1.5 M!l • 
R3 

9.1 k!l C1 C2 
C3 

C1 - C2 - 2" - 110 pF 

1 
fo - 2 .. R1 C1 - 1 kHz 

II) .. 
II) 

FIGURE 26. O.5-Hz SQUARE-WAVE OSCILLATOR FIGURE 27. HIGH-Q NOTCH FILTER 

:e 
Q. 
E 
<t 

tor TL075 

100 kll 

1 Mil 

VCC-
100 k!l 

100 k!l 

100 I'F J =100 k!l 

FIGURE 28. AUDIO DISTRIBUTION AMPLIFIER 
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TL070. TL070A. TL071. TL071A. TL071B. 
TL072. TL072A. TL072B. TL074. TL074A. TL074B. TL075 
LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

6 sin ",t lN4148 18 kll (See Note AI 
~-~~--,---VV~------15V 

18 pF 1 kll 
18 pF 

88.4 kll 

>-......... --------~~6 cos .. t 

Vcc-
1 kll 

L--~*----~--VV~-----+15V 

lN4148 18 kll (See Note AI 

88.4 kll 

Note A: These resistor values may be adjusted for a symmetrical output. 

FIGURE 29. 100-kHz QUADRATURE OSCILLATOR 

O.l"FT 
-=- 10 kll 

10 kll 1 Mil 

50 II OUTPUT 

0.1 "F 

FIGURE 30. AC AMPLIFIER 
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220 kll 

0.00375 ~F 

0.01 ~F 
27 kll 

100 Il 

INPUT 

n070, n070A, n071, n071A, n071B 
n072, n072A, n072B, n074, n074A, n074B, n075 

LOW·NOISE JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

10 kll 0.003 ~F 

0.03 ~F 

MIN MIN 

100 kll 
VCC+ 

3.3 kll 
TREBLE 

100 kll :>4-~""'-'\Ai-""-"""'IV\r~ 
BASS 

MAX MAX 

OUTPUT 
0.03 ~F 

10 kll 0.003 ~F 

10 pF 5 kll + f-_~---------l 6B kll 

III ... 
I 
I: 

-8 
'" u 
:E a. 
E 

<I: ., 
'" 

GAIN 

25 

20 

15 

10 

5 

0 

-5 

47 ~F 

FIGURE 31. Ie PREAMPLIFIER 

IC PREAMPLIFIER 
RESPONSE CHARACTERISTICS 

MAX BASS 11III 
VCC±=±15V 

f-+-H-f1,H+--- T A - 25°C 
\. See Figure 31 

1111111 
MAX _ 

TREBLE ......... 

l1! -10 / 
/ 0 

> 
-15 

'" _ 20 t"' .... ~,.-+++++I.j--+-+-+++1+1f--f-+ MIN -
MIN BASS TRE~~,E 

_25~~LWL--L~~~_~~LWL-~ 

20 40 100 200 400 1 k 2 k 4 k 10 k 20 k 

f- Fraquancy- Hz 

FIGURE 32 
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nOBO THRU nOB5, tLOBOA THRU nOB4A 
nOB1B, nOB2B, nOB4B 

JFET-INPUT OPERATIONAL AMPLIFIERS 
02297. FEBRUARY 1977-REVISED NOVEMBER 1988 

24 DEVICES COVER MILITARY. INDUSTRIAL AND COMMERCIAL TEMPERATURE RANGES 

Low-Power Consumption • High Input Impedance . . . JFET -Input Stage 

Wide Common-Mode and Differential • Internal Frequency Compensation {Except 
Voltage Ranges 

Low Input Bias and Offset Currents 

Output Short-Circuit Protection 

Low Total Harmonic 
Distortion ... 0.003% Typ 

TL080. TL080A 

D. JG. OR P PACKAGE 

(TOP VIEW) 

TL080. TL080A) 

• Latch-Up-Free Operation 

• High Slew Rate ... 13 V/p.s Typ 

• Common-Mode Input Voltage Range 
Includes VCC+ 

TL081.TL081A. TL0818 

D. JG. DR P PACKAGE 

(TOP VIEW) 

TL082. TL082A.TL0828 

D. JG. OR P PACKAGE 

(TOP VIEW) 

N1/COMP[]8 CaMP 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC - 4 5 OFFSET N2 

OFFSET N1 D8 NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC _ 4 5 OFFSET N2 

AMPL {OUT []8 VCC + 
# 1 IN - 2 7 OUT} AMPL 

IN+ 3 6 IN- #2 
VCC- 4 5 IN+ 

TL081M •.. FK CHIP CARRIER PACKAGE 

(TOP VIEW) 

~ 

z 
.... 
w 
(/) 

ut::uuu zozzz 
3 2 1 2019 

4 18 

5 17 

16 

7 15 

8 14 

9 1011 12 13 

~ ~~ ~ ~ 
u .... 
> w 

(/) 
u. 
u. 
0 

TL083. TL083A 

D. J. OR N PACKAGE 

(TOP VIEW) 

#1 IN- # 1 OFFSET N1 
#1IN+ VCC+ 

# 1 OFFSET N2 #1 OUT 

VCC- NC 
#2 OFFSET N2 #2 OUT 

#2IN+ VCC+ 
#2 IN- #2 OFFSET N1 

Pins 9 and 13 are internally interconnected 

NC-No internal connection 

TL082M ... FK CHIP CHARRIER PACKAGE 

(TOP VIEW) 

NC 4 

#1IN-
NC 6 

#1 IN+ 
NC 8 

.... 
::l 
o + 

u u ~ u uu Z,,*,z>Z 
3 2 1 20 19 

9 1011 12 13 

18 

17 #2 OUT 
16 NC 
15 #2IN-
14 NC 

TL084. TL084A. TL084B 

D. J. OR N PACKAGE 

(TOP VIEW) 

{
OUT OUT} AMPL 

AMPL IN- (N- #4 
#1 (N+ IN+ 

VCC+ VCC-

AMPL {IN + IN + } AMPL 
#2 IN- IN-

OUT OUT #3 ........ __ ...r-

Copyright @ 1983, Texas Instruments Incorporated 

fI 
U) .. 
Q) 

~ 
0.. 
E 

<C 
m 
c o 

'.j:l 

~ 
Q) 
Q. 

o 

PRODUCTIOI DATA dooulllOtS .ontlin inlunnation 
ourrant IS of publiOltion dati. Prodoots .. nform to 
sp .. ifl •• tlo .. plr lb. IInns 01 TI ••• Inmumanta 

:,'=~~i~·;.r:.':li =:~:r :.r:::~ not 

TEXAS ~ 
INSTRUMENTS 

2-403 

POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 



o 
'a 
CD 
0; .... O· 
;:, 
!. 

TL080 THRU Tl085, Tl080A THRU Tl084A 
TL081B, TL082B, TL084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 

TL083M ••• FK CHIP CARRIER PACKAGE 

ITOPVIEWI 

TL084M .•. FK CHIP CARRIER PACKAGE 

ITOPVIEWI 

# 1 OFFSET N2 4 

NC 

VCC­

5 

6 

NC 7 

8 #2 OFFSET N2 

NC - No internal connection 

symbols 

TL080 

3 2 1 20 19 

N1/COMP~ 
COMP 

IN+ + 
OUT 

IN- -

N2 

# 1 IN+ 4 

18 #1 OUT 
17 

NC 5 

VCC+ 6 
NC 7 

#2IN+ 8 16 

15 

14 #2 OUT 

TL086 
N PACKAGE 

ITOP VIEWI 

AMPL {IN - IN - } AMPL 
#1 IN+ IN+ #4 

OUT OUT 

AMPL {OUT VCC+ 
#2 IN+ OUT} 

IN- IN+ AMPL 
V IN - #3 CC- ....... _......;J,..... 

TL081 
TLOB3 leach amp"flerl 

N1~ IN+ + 
OUT 

IN- -

N2 

II-
!!;5 

1-1 
::lZ 0_ 

3 2 1 20 19 

9 1011 1213 

18 
17 

16 

15 

14 

II-UI-I' 
!!;5 Z 5!!; 
NN MM 

-- --

TL082 leach ampllflerl 
TL084 leach ampllflerl 
TL086 leach ampIIfIerl 

IN + =1>-OUT 
IN- -
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description 

TLOBO THRU TLOB5, TLOBOA THRU TLOB4A 
TLOB1B, TLOB2B, TLOB4B 

JFET·INPUT OPERATIONAL AMPLIFIERS 

The TL08 _ JFET ·input operational amplifier family is designed to offer a wider selection than any previously 
developed operational amplifier family. Each of these JFET ·input operational amplifiers incorporates well­
matched, high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature 
high slew rates, low input bias and offset currents, and low offset voltage temperature coefficient. Offset 
adjustment and external compensation options are available within the TL08_ family. 

Device types with an oM" suffix are characterized for operation over the full military temperature range 
of - 55°C to 125°C, those with an "I" suffix are characterized for operation from - 40°C to 85 °e, and 
those with a "e" suffix are characterized for operation from ooe to 70°C. 

AVAILABLE OPTIONS 

VIOMAX 
PACKAGE 

SMALL 
TA AT 

OUTLINE 
CHIP CARRIER CERAMIC DIP CERAMIC DIP PLASTIC DIP PLASTIC DIP 

25°C 
(DI 

(FKI (JI (JGI (NI (PI 

15 mV TLOBOCD TLOBOCJG TLOBOCP 

6 mV TLOBOACD TLOBOACJG TLOBOACP 

15 mV TLOB1CD TLOB1CJG TLOB1CP 

6 mV TLOB1ACD TLOB1ACJG TL081ACP 

3mV TLOB1BCD TL081 BCJG TL081BCP 

OOC 
15 mV TL082CD TLOB2CJG TL082CP 

TO 
6 mV TL082ACD TL082ACJG TL082ACP 

70°C 
3 mV TL082BCD TL082BCJG TL082BCP 

15 mV TL083CD TL083CJ TL083CN 

6 mV TL083ACD TLOB3ACJ TLOB3ACN 

15 mV TL084CD TLOB4CJ TL084CN 

6 mV TL084ACD TL084ACJ TL084ACN 

3 mV TL084BCD TLOB4BCJ TLOB4BCN 

15mV TL085CN 

6mV TL080lD TL080lJG TLOBOIP 

-40°C 6mV TLOBllD TLOB11JG TLOB11P 

TO 6mV TL0821D TLOB21JG TL0821P 

85°C 6 mV TLOB31D TL0831J TLOB31N 

6mV TLOB41D TLOB41J TLOB41N 

6mV TLOBOMJG 

-55°C 6 mV TLOB1MFK TLOB1MJG 

TO 6mV TL082MFK TLOB2MJG 

125°C 6 mV TLOB3MFK TLOB3MJ 

9 mV TL084MFK TLOB4MJ 

The 0 package is available taped and reeled. Add "R" suffix to device type (e.g .. TL080CDRI. 
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n080 THRU n085, n080A THRU n084A 
n081B, n082B, n084B 
JFET-INPUT OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

VCC+--------~~--------~._------~----~~------e_------~--~ 

NON::~~~~ -------1------, 

INVERTING 
INPUT IN-

t-~~--_r------_+--_+-OUTPUT 

~~~~ OFFSET NULL (N2) --1 
OFFSET NULUCOMP (Nl) --------

r- -, 
I IOBOI 
I lOBO [j [j I 
I I 

VCC-~:r--.------~--~~I~~----~--------~-------.-------J 
OFFSET OFFSET Cl _ lB pF on TLOBI. TLOB2. TL083. TLOB4. AND TL095 ONLY 

NULL NULL (INCLUDING THEIR SUFFIX, VERSIONS). 
(Nl) (N2) COMPONENT VALUES SHOWN ARE NOMINAL. 

TLOBI AND TLOB3 ONLY 

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

TLOB_C 

TLOB_M TLOB_I TLOB_AC UNIT 

TLOB_Be 

Supply voltage. Vee + Isee Note 1) 18 18 18 V 

Supply voltage. Vee _ (see Note 1) -18 -18 -\8 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (see Notes 1 and 3) ±15 ±15 ±15 V 

Duration of output short circuit (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 -40 to 85 o to 70 DC 

Storage temperature range -65 to 150 -65 to 150 -65 to 160 ·e 

Case temperature for 60 seconds FK package 260 DC 

Lead temperature 1.6 mm (1/16 inch) 

from case for 60 seconds 
J or JG package 300 300 300 DC 

Lead temperature 1.6 mm (1/16 inch) 
D. N. or P package 

from case for 10 seconds 
260 260 DC 

NOTES: 1. All voltage values. except differential voltages. are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
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 to either supply. Temperature andlor supply voltages must be limited to ensure that 

the dissipation rating is not exceeded. 
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n080 THRU n08S, n080A THRU n084A 
n081B, n082B, n084B 

JFET·INPUT OPERATIONAL AMPLIFIERS 

DISSIPATION RATING TABLE 

TA s 2SoC DERATING DERATE TA - 70°C TA - BSoC TA - 12SoC 
PACKAGE 

POWER RATING FACTOR ABOVETA POWER RATING POWER RATING POWER RATING 

D 18 Pin) 680mW 5.S mW/oC 32°C 464mW 377 mW N/A 

D 114 Pin) 6SOmW 7.6 mW/oC 60°C 60S mW 494mW N/A 

FK 6SOmW 11.0 mW/oC SsoC 6SOmW 6S0mW 275 mW 

J ITLOS_M) 680mW 11.0 mW/oC 8SoC 6S0mW 6SOmW 275 mW 

J lall others) 6SOmW S.2 mW/oC 67°C 656 mW 533mW N/A 

JG ITLOS_M) 6S0mW S.4 mW/oC 69°C 672mW S46mW 210mW 

JG lall others) 680mW 6.6 mW/oC 47°C 528 mW 429mW N/A 

N 680mW 9.2 mW/oC 76°C 680mW 598 mW N/A 

P 6S0mW S.O mW/oC 65°C 640mW 520 mW N/A 

electrical characteristics. Vee ± - ± 15 V (unless otherwise noted) 

TLOSOM, TL081M 

TEST CONDITIONS' 
TL084M 

PARAMETER TL082M, TL083M UNIT 

MIN TYP MAX MIN TYP MAX 

Vo ~ 0, TA ~ 25°C 3 6 3 9 
VIO Input offset voltage mV 

RS ~ 50 II TA == -55°C to 125°C 9 15 

Temperature 
Va ~ 0, RS~50G, 

coefficient of input 18 18 "V/oe "via TA == -55°C to 125°C 
offset voltage 

rnpu~ offset current i 
TA ~ 25°C 5 100 5 100 pA 

110 Vo ~ 0 
TA ~ 125°C 20 20 nA 

Input bias currenti 
TA ~ 25°C 30 200 30 200 pA 

liB Va ~ 0 
TA ~ 125°C 60 50 nA 

-12 -12 
Common~mode 

VICR TA ~ 25°C ±11 to ±11 to V 
input voltage range 

15 15 

TA ~ 25°C, RL ~ 10 kG ±12 ±13.5 ±12 ±13.5 

VOM 
Maximum peak 

.1 RL ~ 10 kG ±12 ±12 V 
output voltage swing TA = -55°C to 125°C I RL O:!: 2 kG ±10 ±12 ±10 ±12 

VO~±10V, RL,,2kG, 
25 200 25 200 

AVO 
Large-signal differential TA ~ 25°C 

V/mV 
voltage amplification Va ~ ±10V, RL,,2kO, 

15 15 
TA = -55°C to 125°C 

Bl Unity-gain bandwidth TA ~ 25°C 3 3 MHz 

~ Input resistance TA = 25°C 1012 1012 II 

Common-mode VIC ~ VICR min, Va ~ 0, 
CMRR 80 86 80 86 dB 

rejection ratio RS~50!l, TA ~ 25°C 

Supply voltage 
VCC ~ ±15Vto ±9V, Va ~ 0, 

kSVR rejection ratio 80 86 80 86 dB 

,l>VCC±'l>VIOI 
RS~501l, TA ~ 25°C 

SupplV current No load. Va ~ 0, 
ICC 1.4 2.8 1.4 2.S mA 

(per amplifier) TA ~ 25°C 

Vo 1 IV 02 Crosstalk attenuation AVO ~ 100, TA ~ 25°C 120 120 dB 

t All characteristics are measured under open~loop conditions with zero common-mode input voltage unless otherwise specified. 
:t: Input bias currents of a FET -input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown 

in Figure 1S. Pulse techniques must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 
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electrical characteristics, VCC± ± 15 V (unless otherwise noted) 

TLOBOI TLOBOC TLOBOAC TLOB1BC 

TLOBlI TLOB1C TLOB1AC TL082BC 

TLOB21 TLOB2C TLOB2AC TLOB4BC 

PARAMETER TEST CONDITIONS t TLOB31 TLOB3C TLOB3AC UNIT 

TL0841 TL084C TL084AC 

TLOB5C 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vo ~ 0, ITA ~ 25'C 3 6 3 15 3 6 2 3 
VIO Input offset voltage 

ITA === full range 
mV 

RS ~ 50 II 9 20 7.5 5 

Temperature 
Vo ~ 0, RS ~ 50 ll, 

coefficient of input 18 18 18 18 pV/oe aVID 
T A = full range 

offset voltage 

Input offset current; 
TA ~ 25'C 5 100 5 200 5 100 5 100 pA 

110 Vo ~ 0 
T A = full range 10 2 2 2 nA 

Input bias current; 
TA =;: 25°C 30 200 30 400 30 200 30 200 pA 

118 Vo ~ 0 
T A = full range 20 10 7 7 nA 

-12 -12 -12 -12 
Common·mode 

VICR TA ~ 25'C ±11 to ±11 to ±11 to ±11 to V 
input voltage range 

15 15 15 15 

TA ~ 25'C, RL ~ 10 kll ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 
Maximum peak 

TA = full rangelRL = 2: 10 kO ±12 ±12 ±12 ±12 V YOM 
output voltage swing 

±10 ±12 ±10 ±12 ±10 ±12 ±10 ±12 RL ~ 2 kIJ 

VO~±10V, RL " 2 kll, 
50 200 25 200 50 200 50 200 

AVO 
Large-signal differential TA = 25°C 

V/mV 
voltage amplification VO~±10V, RL ~ 2 kil, 

25 15 25 25 
TA = full range 

Bl Unity-gain bandwidth TA = 25°C 3 3 3 3 MHz 

'j Input resistance TA = 25°C 1012 1012 1012 1012 II 

Common-mode VIC = VieR min, Vo = 0, 
CMRR 80 86 70 86 80 86 80 86 dB 

rejection ratio RS~500, TA ~ 25'C 

Supply voltage 
Vee = ±15Vto ±9V.VO = O. 

kSVR rejection ratio 80 86 70 86 80 86 80 86 dB 

iaVCC+/aVIOi 
RS ~ 50 II, TA = 25°C 

Supply current No load. 
2.8 2.8 ICC Vo ~ 0, 1,4 2.8 1.4 1.4 1.4 2.8 rnA 

(per amplifier) TA = 25°C 

VolIVo2 Crosstalk attenuation AVO ~ 100, TA ~ 25'C 120 120 120 120 dB 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for T A is - 40°C to 85 °C for 
TLOB_I and OOC to 70'C for TLOB_C, TLOB_AC, and TLOB_BC. 

~ Input bias currents of a FET -input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 18. Pulse techniques 
must be used that will maintain the junction temperatures as close to the ambient temperature as is possible. 
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nOBO THRU nOB5, nOBOA THRU nOB4A 
nOB1 B, nOB2B, nOB4B 

JFET·INPUT OPERATIONAL AMPLIFIERS 

operating characteristics. V CC ± .. ± 15 V. T A - 25°C 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

SR Slew rate at unity gain 
VI = 10V, 

CL = 100 pF, 

RL - 2 kll, 

See Figure 1 
8 13 VIpS 

tr Rise time VI = 20 mV, RL = 2 kll, 0.05 ~s 

Overshoot factor CL = 100 pF, See Figure 1 20% 

RS=10011 
If=lkHz 18 nV/$. 

Vn Equivalent input noise voltage 
If = 10 Hz to 10kHz 4 ~V 

In Equivalent input noise current RS = 10011, f = 1 kHz 0.01 pAl$. 

THD Total harmonic distortion 
VO(rmsl = 10 V, 

RL '" 2 kll, 

RS'" 1 kll, 
f = 1 kHz 

0.003% 

PARAMETER MEASUREMENT INFORMATION 

RL -
2 kll 

FIGURE 1. UNITY ·GAIN AMPLIFIER 

10 kll 

FIGURE 2. GAIN·OF·10 
INVERTING AMPLIFIER 

INPUT OFFSET VOLTAGE NULL CIRCUITS 

VCC+ 

1 Mil 

FIGURE 4 FIGURE 5 

100 kll 

C2 

Cl 500 pF 

FIGURE 3. FEED·FORWARD 
COMPENSATION 
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nOBO THRU nOB5. nOBOATHRU nOB4A 
nOB1B. nOB2B. nOB4B 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

±15 
> 
I 

'CD 1 ±12.5 

0 
> 

= ±10 .. 
= 0 ... ±7.5 .. 
CD 
D-

E 
" ±5 E ... .. 
:E 
I ±2.5 
:E 
0 
> 

0 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

V'~C+ 
III 

RL - 10 kO = ±15 V 

1'1 TA - 25°C 
See Figure 2 

VCC± - ±10 V 

I 
- VCC± - ±5 V 

1\ 
100 1 k 10 k 100 k 1 M 10 M 

±15 
> 
I 

CD 1: ± 12.5 

-a 
> 

= ±10 

~ 
0 ... ±7.5 IV 

If 
E 
" ±5 E ... .. 
:E 
I ±2.5 
:E 
0 
> 

0 

f-Frequency-Hz 

FIGURE 6 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

lllll~!l VCC±-±15V 
RL - 2 kO 

I-- A_f--

i1iilFigr 2 \: 
~TA -

-55°C 

125 0 CI
\ 

~ 
TA - ~ 

\ 
~ ~ ... 

10 k 40 k 100 k 400 k 1 M 4 M 10 M 

f- Frequency- Hz 

FIGURE 8 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

> ± 15 r-rrrnmr-lllTTTTII 1IIIII:Ir"'"'T"'IIIIIrTTTmr III.I!I --.rTTR~TIIIr"""T"m_ 2'TTTT1111kO"" 

~ VCC+ _ ±15V ~ TA - 25°C 1 ± 12.5 R~~~~"""';;;";';"m.II~ See Figure 2 

~ ±10~-KHm~4+~~~~~~'~~~++~ 
5-
" VCC+-±10V 

~ ± 7 .5 ~:ttttmr=i:P:ImII=t=tt1;mt~rl-W~-+-W1 
:. 
E 
" E ': 
:E 
I 
:E o 
> 

> 
I 

±15 

t ± 12.5 

~ = ±10 .. 
= o 
... ±7.5 

~ 
E 
" E . .. 
IV 
:E 
I 
:E o 
> 

±5 

±2.5 

o 

VCC±-±5V 

1 k 10 k 100 k 1 M 10 M 

f-Frequency-Hz 

FIGURE 7 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

RL - 10 kO 

RL - 2 kO 

roo- -

VCC± - ±15 V 
See Figure 2 

-75 -50 -25 o 25 50 75 100 125 

T A - 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. A 
12-pF compensation capacitor is used with noso and TLOSOA. 
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TLOBO THRU TLOB5, TLOBOA THRU TLOB4A 
TLOB1 B, TL082B, TLOB4B 

JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

> 
I 

±15 

~ ±12.5 

~ 
= ±10 ; 
o 
~ ±7.5 
: 
E 
::I 
E 

'" II 
:::E 
I 
:::E 
o 

±5 

±2.5 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

LOAD RESISTANCE 

Vcc± - ±15 V 
TA - 25·C I----~ 
See Figure 2 ,/ 

" V 
/ 

/ 

/ 
II 

> o 
0.1 0.2 0.4 0.7 1 2 4 7 10 

> 1000 

RL -Load Resistance-kll 

FIGURE 10 

LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREE·AIR TEMPERATURE 

! 700 
> 
I 400 

15 
~ 200 

i 100 
E 70 
ct 40 

I 20 

10 
7 
4 

2 

1 

--- ....... 

VCC± - +15 V 
Vo - ±10V 
RL - 2 kll 

I I I 

-75 -50 -25 o 25 50 75 100 125 

T A -Free-Air Temperature-·C 

FIGURE 12 

> 
I .. 

±15 

g> :1:12.5 

-is 
> 
~ 

~ 
±10 

o l ±7.5 

E 
::I 

.5 
" .. 

:::E 
I 

:::E 
o 
> 

±5 

±2.5 

o 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLT AGE 

RL - 10 kll 

V TA - 25·C 

V 
/ 

/ 

1/ 
/ 

o 2 4 6 8 10 12 14 16 

IVcc± I-Supply Voltage-V 

FIGURE 11 

LARGE·SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

c 
.2 

106 

H 105 :e 
i5. 
E 
ct 104 

>
, 

103 

1 102 

:E 
Q 

"'" 

and PHASE SHIFT 
vs 

FREQUENCY 

Vcc± - ±5Vto±15V 

" 
RL - 10 kll 

'\ TA - 25·C 

I I " DIFFERENTIAL 
'\J VOLTAGE 

\ "- AMPLIFICATION 

\ " 
(left scalel 

\. 

" \ PHASE SHIFT \. I 
Q 101 - - (right scalal 
~ 

1 
1 

'\ ,\ I I 180· 

10 100 1 k 10 k 100 k 1 M 10 M 

f- Frequency - Hz 

FIGURE 13 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
12-pF compensation capacitor is used with TLOaO and TL080A. 
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nOBO THRU nOB5. nOBOA THRU nOB4A 
nOB1B. n082B. n084B 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

TL080. TL080A 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

FREQUENCY WITH FEED-FORWARD COMPENSATION 

10~ 

2.0 

1.8 

1 1.6 

I 1.4 
C 
~ 1.2 a 
J:: 1.0 

8: Jl 0.8 
I 
+1 0 .6 
() 

::; 0.4 

0.2 

o 

Vcc± - ±15 V 

....... C2-3pf 

"" 
TA - 25°C 
See figure 3 

'\ 
I\. 

\ 
\ 
\ 

1 k 10 k 100 k 1 M 10 M 

f- frequency- Hz 

fiGURE 14 

SUPPLY CURRENT PER AMPLIFIER 
vs 

FREE-AIR TEMPERATURE 

VCC± - ±15 V 
No signal 

........... No load 

........... ~ 
r-.... ....... 

~ r-........ 

-~-~-~ 0 ~ ~ ~ 1001~ 

TA-free-Air Temperature- °C 

FIGURE 16 

250 

~ 225 

E 200 
I 

'0 
! 175 
~ 

';;; 150 
is 

125 

Pi _ 100 

~ 75 

I 50 
f 

25 

o 

TOTAL POWER DISSIPATED 
vs 

FREE-AIR TEMPERATURE 

VCC± - ±15 V 
No signal 
No load 

............. 

r----.. -.!.l084.TL085 --r--....... 

r---- ~OS2. TLOS3 

TLOSO. T~OS1 -r---
I -

-75 -50 -25 0 25 50 75 100 125 

T A - free-Air Temperature- °C 

FIGURE 15 

SUPPLY CURRENT 
VS, 

SUPPLY VOLTAGE 
2.0 ,---.,--,---r,--.--.,-----r--.--r--, 

TA - 25°C 
1.S f- No signal -+-+--Ir--+-+--I 

1 1.6 f- No load 

I 1.4r-1-t~==+==t==t=t=-1 i 5 1.21--+--f--+--II--+-~-t--+---i 
() 

> 1.01--+--f--+--I1--+--t--+--I 
8: Jl O.SI--+--f--+--II--+--t--+---i 
I 
~ 0.61--t-+-+--I1--t--t--+-~ 
() 

::; 0.4~~-~-~-r-~-~-~~ 

0.21--t--t--t--t--t--t--t--\ 

O~~_~~_~_L-~_~~ 

o 2 4 6 S 10 12 14 16 

IVcc± I-Supply Voltaga-V 

FIGURE 17 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
12-pF compensation capacitor is used with TL080 and TL080A. 
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nOBO THRU nOB5, nOBOA THRU nOB4A 
TLOB1B, TLOB2B, TLOB4B 

JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vcc± - ±15 V 

/ 

/ 

6 

/ 

/ 

-6 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

Vcc± - ±15 V --- -, RL - 2 kO 

I !VL - 100 pF 
OUTPUT TA - 25°C 

/ \ 
/ \ 

II 

~ I~PUT 

\ - --
-50 -25 0 25 50 75 100 125 o 0.5 1.5 2 2.5 3 3.5 

TA-Free-Air Temperature- °C 

FIGURE 18 

28 

24 

> 20 e 
I .. 

16 1:1> 

! 
0 
> 12 
!i 
~ 
0 

8 

I 
0 4 > 

0 

-4 

OUTPUT VOLTAGE 
vs 

ELAPSED TIME 

f\ 

-
Vcc± - ±15 V 
RL - 2 kO 
CL - 100 pF 
TA - 25°C 
See Figure 1 

AI 

FIGURE 19 

11 

r-
V 

o 0.2 0.4 0.6 0.8 1.0 1.2 

t-Tlme-,... 

FIGURE 20 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
12-pF compensation capacitor is used with noao and TLOaOA. 
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TLOBO THRU TLOB5. TLOBOA THRU TLOB4A 
TLOB1B. TLOB2B. TLOB4B 
JFEJ.lNPUT OPERATIONAL AMPLIFIERS 

III 
"0 
I 

~ a: 
c 
.~ 

I 
"' "0 
0 :z 
i: 
0 
E 
E 
0 

(,) 

I 
a: a: :z 
(,) 

89 

88 

87 

86 

85 

84 

83 

TYPICAL CHARACTERISTICSt 

COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

VCC± - ±15 V 
RL ~ 10 kO 

... 

~ 50 

~ 
I 40 

I 
30 .! 

z 

a. 20 .s 
1: 
ii>"' 

10 

! 
I 
;; 0 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 
r-

~ 11111111 111~~; 
CC± - ± 

i\ AVO - 10 
RS - 1000 

1\ TA - 25°C 

f'\ 

-75 -50 -25 0 25 50 75 100 125 10 40 100 400 1 k 4 k 10 k 40 k 100 k 

TA-Free-Air Temperature- °C f-Frequency- Hz 

FIGURE 21 

"#. 
I 

TOTAL HARMONIC DISTORTION 
vs 

FREQUENCY 

Vcc± - ±15 V 

FIGURE 22 

0.4 AVO - 1 
VI(RMSI - 6 V 
rA - 25°C 

I 0.1~~~~1I~~"~"~!3~~1 ·1 0.04 f---+--Hf.f++Hf--+-++++I+I+--Hl-+-fflJHI 

.. 
J: 

0.001 L---L....L.J--U..LJ..U_...l-L..I..l..U..L.U..._l-JL...J...L...LJ..UI 

100 400 1 k 4 k 10 k 40 k 100 k 

f-Frequency-Hz 

FIGURE 23 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. A 
12-pF compensation capaCitor is used with TL080 and TL080A. 
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RF - 100 kG 

+15 V 

3.3 kG 

nOBO THRU nOB5, nOBOA THRU nOB4A 
nOB1 B, nOB2B, nOB4B 

JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

OUTPUT OUTPUT 

CF - 3.3/1FJ 1 kG 

R3 
R1 - R2 - 2R3 - 1.5 MG 

C3 
C1 C2 

9.1 kG 

C1 - C2 - 2" - 110 pF 

fo - __ 1 __ 1 kHz 
2 .. R1 C1 

FIGURE 24. O.5·Hz SQUARE·WAVE OSCILLATOR FIGURE 25. HIGH·Q NOTCH FILTER 

88.4 kG 

100 kG 

100f.lF I 
tor TLOS5 

1 MG 

100 kG 

100 kG 

,....'''-----OUTPUT A 

, ...... '---OUTPUT 8 

>t ..... -OUTPUT C 

FIGURE 26. AUDIO DISTRIBUTION AMPLIFIER 

6 sin wt 

18 pF 

88.4 kO 

18 pF 

88.4 kG 

1N4148 18 kG (See Note A) 
..-----i .. --... --'\I~-- -15 V 

18 pF 1 kO 

> ......... --------..... 6 cos o>t 

1 kG 

~-~r_---.__V~---+15V 

1N4148 18 kG (See Note A) 

NOTE A: These resistor values may be adjusted for a symmetrical output. 

FIGURE 27. 100·kHZ QUADRATURE OSCILLATOR 
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TL080 THRU TL085. TL080A THRU TL084A 
TL081 B. TL082B. TL084B 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 
16 kll 

220 pF 220 pF 

43 kll 

1.5 kll VCC-

tor TL085 

OUTPUT A 

16 kll 

2 kHz/div 2 kHzldlv 
SECOND·ORDER BANDPASS FILTER 
fo - 100 kHz. Q - 30. GAIN - 4 

CASCADED BANDPASS FILTER 
fo - 100 kHz. Q - 69. GAIN - 16 

1001l 

INPUT 

BALANCE 

FIGURE 28. POSITIVE·FEEDBACK BANDPASS FILTER 
220 kll 

0.00375,.F 

10 kll 

27 kll 
MIN 

0.01 "F 100kll~ ____ ~~~~~~~ 
BASS ,,-

MAX 

10 kll 

100 Il 47 kll 
10 pF 

50 pF 

FIGURE 29. IC PREAMPLIFIER 

10 pF 
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• Low Input Offset Voltage .. , 0.5 mV Max 

• Low Power Consumption 

• Wide Common· Mode and Differential 
Voltage Ranges 

• Low Input Bias and Offset Currents 

• High Input Impedance ... JFET-Input Stage 

description 

TL087, TL088, TL2B7, TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

02484. MARCH 1979-AEVISEO MARCH 1989 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• High Slew Rate ... 18 V/p.s Typ 

• Low Total Harmonic Distortion ... 
0.003% Typ 

These JFET-input operational amplifiers incorporate well-matched high-voltage JFET and bipolar transistors 
in a monolithic integrated circuit. They feature low input offset voltage, high slew rate, low input bias 
and offset currents, and low temperature coefficient of input offset voltage. Offset-voltage adjustment 
is provided for the Tl087 and Tl088. 

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

AVAILABLE OPTIONS 

PACKAGE 

TA TYPE 
VIO MAX 

SMALL OUTLINE CERAMIC DIP METAL CAN PLASTIC DIP FLAT 
AT 2SoC 

(D) (JG) (L) (P) (U) 

0.5 mV Tl087CD TL087CJG TL087CL Tl087CP 
OOC Single 

Tl088CP 1 mV TL088CD TL088CJG TL088CL 
to 

70°C 
0.5mV TL287CD TL287CJG TL287CL Tl287CP 

Dual 
TL288CD TL288CJG TL288CL TL288CP 1 mV 

-40°C Single 
0.5mV Tl0871D Tl0871JG TL0871L TL0871P 

1 mV TL0881D Tl0881JG TL0881L TL0881P 
to 

85°C 
0.5 mV Tl2871D Tl2871JG Tl2871l Tl2871P 

Dual 
Tl2881D Tl2881JG Tl2881l Tl2881P 1 mV 

-55°C Single 1 mV Tl088MJG Tl088Ml TL088MU 
to 

125°C Dual 1 mV Tl288MJG Tl288ML Tl288MU 

The D package is available taped and reeled. Add the suffix R to the device type (e.g .. TL087CDR). 

Copyright @ 1989, Texas Instruments Incorporated 
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TL087, TL088, TL287, TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TL087.TL088 
D. JG. OR P PACKAGE 

(TOPVIEWl 

OFFSET N1 []B NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC - 4 5 OFFSET N2 

AMPL 
#1 

TL287.TL288 
D. JG. OR P PACKAGE 

(TOPVIEWl 

I 
?NU~ []' ~ ~~~ +1 AMPL 
IN+ 3 6 )N- #2 

VCC- 4 5 IN+ 

NC - No internal connection 

symbol (each amplifier) 

NONINVERTING=t>-
INPUT IN+ + 

OUTPUT 
INVERTING 
INPUT IN- -

NC 
OFFSET N1 

IN-

IN+ 

VCC-

NC 

I OUT 
AMPL IN-

#1 IN+ 

VCC-

TL088M 
U PACKAGE 
(TOPVIEWl 

NC 

NC 

VCC+ 
OUT 
OFFSET N2 

TL288M 
U PACKAGE 
(TOPVIEWl 

NC 

VCC+ 
OUT 

1 
IN- AMPL 

IN+ 
#2 

TL087.TL088 
L PACKAGE 
(TOP VIEWl 

NC 

VCC+ 
OUT 

VCC-

TL287.TL288 
L PACKAGE 
(TOP VIEWl 

VCC+ 

OUT 1 AMPL 
IN-

IN+ 
#2 

VCC-

Pin 4 IL Package) is in electrical contact with the case 

2-418 

NC - No internal connection 
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TL087, TL088, TL287, TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

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

TLOB71 TL087C 

TL088M TL0881 TL088C 
UNIT 

TL288M TL2871 TL287C 

TL2881 TL288C 

Supply voltage, VCC + (see Note 1) 18 18 18 V 

Supply voltage, VCC - (see Note 1) -18 -18 -18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (see Notes 1 and 3) ±15 ±15 ±15 V 

Input current, II (each input) ±1 ±1 ±1 mA 

Output current, 10 (each output) ±80 ±80 ±SO mA 

Total VCC + terminal current 160 160 160 mA 

Total V CC _ terminal current -160 -160 -160 mA 

Duration of output short circuit (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 -25 to 85 o to 70 DC 

Storage temperature range -65 to 150 -65to 150 -65 to 150 DC 

Lead temperature 1,6 mm (1/16 inch) from 
JG, L, or U package 300 300 300 DC 

case for 60 seconds 

Lead temperature 1,6 mm (1/16 inch) from o or P package 260 260 DC 
case for 10 seconds 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC + and VCC _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
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 to either supply. Temperature andlor supply voltages must be limited to ensure that 

the dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25 DC DERATING FACTOR TA - 70·C TA - 85·C TA - 125·C 

POWER RATING ABOVE TA - 25·C POWER RATING POWER RATING POWER RATING 

D 725 mW 5.8 mW/DC 464mW 377 mW N/A 

JG 1050mW 6.4 mW/DC 672 mW 546mW 210mW 

L 650 mW 5.2 mW/DC 416mW 338mW 130mW 

P 1000mW 8.0 mW/DC 640mW 520 mW N/A 

U 675mW 5.4 mW/·C 432 mW 351 mW 135mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 

NOM MAX MIN NOM MAX 
UNIT 

MIN NOM MAX MIN 

Supply voltage, VCC ±5 ±15 ±5 ±15 ±5 ±15 V 

VCC± = ±5 V -1 4 -1 4 -1 4 V 
Common-mode input voltage, VIC 

VCC± = ±15 V -11 11 -11 11 -11 11 V 

VCC± = ±5 V -1 4 -1 4 -1 4 V 
Input voltage, VI 

VCC± = ±15 V -11 11 -11 11 -11 11 V 

Operating free-air temperature, T A -55 125 -40 85 0 70 DC 
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electrical characteristics, VCC± = ± 15 V 

TL0871 TL087C 

TL088M TL0881 TL088C 

PARAMETER TEST CONDITIONSt TL288M TL2871 TL287C UNIT 

TL2881 TL288C 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

RS = 500. TL087. TL287 0.1 0.5 0.1 0.5 
Va = O. 

TA = 25°C TL088. TL288 0.1 3 0.1 1 0.1 1 
VIO Input offset voltage 

RS = 500. 
mV 

TL087. TL287 2 1.5 
Vo = O. 

T A = full range TL088. TL288 6 3 2.5 

Temperature coefficient 
RS = 50 O. TA = 25°C to MAX 10 8 8 p.V/oC avlO of input offset voltage 

TA = 25°C 5 5 100 5 100 pA 
110 Input offset current 

T A - full range 25 3 2 nA 

Input bias currentf: 
TA = 25°C 30 30 200 30 200 pA 

liB 
TA = full range 100 20 7 nA 

Common-mode input 
VCC- +4 VCC- +4 VCC-+4 

VICR TA = 25°C to to to V 
voltage range 

VCC+-4 VCC+ -4 VCC+ -4 

TA = 25°C. RL = 10 kO 24 27 24 27 24 27 

VOPP 
Maximum-peak-to-peak 

IRL'" 10 kO 24 24 24 V 
output voltage swing TA = full range II 

20 20 20 RL'" 2 kO 

RL",2kO. VO- ±10 V. 
50 105 50 105 50 105 

AVD 
large-signal differential TA = 25°C 

V/mV 
voltage amplification RL'" 2 kO. Va = ±10V. 

25 25 25 
T A = full range 

Bl Unity-gain bandwidth TA = 25°C 3 3 3 MHz 

ri Input resistance TA = 25°C 1012 1012 1012 0 

CMRR Co~mon-mode rejection RS = 50 0. Vo = 0 V. 
80 93 80 93 80 93 dB 

ratio VIC = VICR min. T A = 25°C 

Supply voltage rejection 
RS = 500. Va = 0 V. 

kSVR VCC± = ±9Vto ±15V. 80 99 80 99 80 99 dB 
ratio (4VCC±/4VIO) 

TA = 25°C 

ICC 
Supply current No load. Va - O. 

2.6 
(per amplifier) TA = 25°C 

2.8 2.6 2.8 2.6 2.8 mA 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for T A is - 55°C 
to 125°C for TL_88M; -40°C to 85°C for TL_8_1; and ooC to 70°C for TL_8_C. 

f.:lnput bias currents of a FET-input operational amplifier are normal junction reverse currents. which are temperature sensitive. Pulse techniques must be used 
that will maintain the junction temperature as close to the ambient temperature as possible. 
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TL087. TL088. TL287. TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

operating characteristics Vee - :t 15 V. TA - 25°e 

PARAMETER TEST CONDITIONS 
TlOSBM, TL2BBM 

MIN TVP MAX 

SR Slew rate at unity gain 
VI = 10V, Rl=2kO, 

18 
Cl = 100 pF, AVO = 1 

tr Riae time VI = 20 mV, Rl=2kO, 55 
Overshoot factor CL = 100 pF, AVO = 1 25% 

Vn Equivalent Input nolae voltage RS=1000, f = 1 kHz 19 
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TlOB71, TlOB7e 
TLOSBI, TlOSBC 

MIN TVP MAX 

8 lB 

55 
25% 

19 

UNIT 

VII's 

na 
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TL087, TL088, TL287, TL288 
JFET·INPUT OPERATIONAL. AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

>---+-",--Vo 

NOTE A: CL includes fixture capacitance. 

FIGURE 1. SLEW RATE, RISE/FALL TIME, 
AND OVERSHOOT TEST CIRCUIT 

10 ten 

Vo 

Vee-
RS RS 

FIGURE 3. NOISE VOLTAGE TEST CIRCUIT 

typical values 

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

input bias and offset current 

At the picoamp bias current level typical of 
these JFET operational amplifiers, 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 

Ir - RISE TIME 

FIGURE 2. RISE TIME AND OVERSHOOT 
WAVEFORM 

10 ten 

>---+-...-_Vo 

NOTE A: CL includes fixture capacitance. 

FIGURE 4. UNITY·GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 

GROUND SHIELD 

FIGURE 5. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 

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 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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TL087, TL088, TL287, TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

table of graphs 

aVIO 

110 

118 

VI 

VID 

VOM 

AVO 

Zo 

CMRR 

kSVR 

lOS 

ICC 

SR 

Vn 
THO 

B, 

.pm 

Temperature coefficient of input offset voltage Distribution 

Input offset current vs Temperature 

vs VIC 
Input bias current 

vs Temperature 

vs VCC 
Common·mode input voltage range limits 

vs Temperature 

Differential input voltage 

Maximum peak output voltage swing 

Differential voltage amplification 

Output impedance 

Common·mode rejection ratio 

Supply-voltage rejection ratio 

Short-circuit output current 

Supply current 

Slew Rate 

Overshoot factor 

Equivalent input noise voltage 

Total harmonic distortion 

Unity-gain bandwidth 

Phase margin 

Phase shift 

Pulse response 

vs Output voltage 

vs VCC 
vs Output current 

vs Frequency 

vs Temperature 

vs RL 
vs Frequency 

vs Temperature 

vs Frequency 

vs Frequency 

vs Temperature 

vs Temperature 

vs VCC 
vs Time 

VB Temperature 

vs VCC 
vs Temperature 

vs RL 
vs Temperature 

vs CL 
vs Frequency 
vs Frequency 

vs VCC 
vs Temperature 

vs VCC 
vs CL 
vs Temperature 

vs Frequency 

Small-signal 

Large-signal 

TEXAS ", 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 

FIGURE 

6, 7 

8 
9 

8 
10 
11 
12 
13 
17 

14,15,16 
18 
19 
20 
21 
24 
22 
23 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
20 
41 
42 

en .. 
CD 
~ 
Q. 
E 
<t 
ca 
c 
o . ., 
ca .. 
CD 
Q. 
o 

2-423 



11 
0 
"0 
CD ... 
m .. 
0' 
:I 
e. 
l> 
3 
'E. 
::;; 
i' ... 
(I) 

TL087,TL088, TL287, TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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DISTRIBUTION OF TL088 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

120 Units tested from 

VCC± = ±15V 

'16 TA = 25°C to 125°C -+_+--+_+--+---1 

121---+-t--+-t--

81--+---+--1-

41--+---1-,----1 

OL-....... -I.IIIIII 
-25-20-15-10 -5 0 5 10 15 20 25 

100 

10 

Q.1 

0.01 

0.001 
25 

"VIO - Temperature Coefficient -IIVloC 

FIGURE 6 

INPUT BIAS CURRENT AND 
INPUT OFFSET CURRENT 

vs 
FREE-AIR TEMPERATURE 

VCC± = ±15V 
Vo = 0 
VIC = 0 

liB 
/" 

./ 110/ 

/"" /" 

.,......, 

45 65 85 105 
T A - Free-Air Temperature - °C 

FIGURE 8 

./ 

./ 

125 
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DISTRIBUTION OF TL288 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

172 Amplifiers tested from 2 

VCC± = ±15V 
TA = 25°C to 125°C 
P Package 
One unit at - 34.6 II VloC 

"VIO - Temperature Coefficient -IIVloC 

FIGURE 7 

INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 

VCC± = ±15V 
TA = 25°C 

,..;. .... )1 

-15 -10 -5 o 5 10 
VIC - Common-Mode Input Voltage - V 

FIGURE 9 

toata at high and low temperatures are applicable within the rated operating free·air temperature ranges of the various devices. 
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TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

16 

> 12 

II 

f 8 

:; 4 ... 
.5 

~ 0 

~ 
0 -4 
E 
E 
0 

-8 () 

I 
() 

COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS 

vs 
SUPPLY VOLTAGE 

TA = 25°e ,/" 
V 

V V 

/' /' POSITIVE LIMIT 

I I I 

....... NEGATIVE LIMIT 

......... 
r-....... 

........... 

>-12 
............ 

> 
I 
II , 
~ 
:; 
~ 
0 
I 
0 
> 

-16 
o 

15 

10 

5 

0 

2 4 6 8 10 1214 

IVee ±I- Supply Voltage - V 

FIGURE 10 

OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

Vee + = +15V 
TA = 25°e 

~ 

RL = 600 G--< 

16 

-5 - -RL=1kG-~ -

-10 

>--RL = 2kO 

K --- _ RLI = 10

1

kO- r---..--
-15 

-400 -200 o 200 400 
VID - Differential Input Voltage -I1V 

F'GURE 12 

20 

> 15 
I 
II 

I 10 

~ 
:; ... 5 
.5 
II 

0 ... 
0 ::;; 
c 
0 -5 
E 
E 
0 
() -10 
I 

~ -15 

-20 

COMMON-MODE 
INPUT VOLTAGE RANGE LIMITS 

vs 
FREE-AIR TEMPERATURE 

, 
Vee± = ±15V 

POSITIVE LIMIT 

NEGATIVE LIMIT 

-75 -50 -25 0 25 50 75 100 125 

16 

l 0 

§ -4 
E 

I -8 
I 
::;; 
~-12 

-16 
o 

T A - Free-Air Temperature - °e 

FIGURE 11 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

TA = 25°e VO~ 
+/ -:::: 

RL~1~ V 

~ 
~=12kO 

.... 
~2kG 

RL = 10k~ P:::--I I :-..... 
VOM- i' 

I 
2 4 6 8 10 12 14 16 

IVee ±I- Supply Voltage - V 

FIGURE 13 

tOata at high and low temperatures are applicable within the fated operating free-air temperature ranges of the various devices. 
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n087, n088, n287, n288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 
30 

VC~~ 1 ~11W RL = 2kQ 

25 

\ , 20 

15 

iA Iml~lr 10 
VCC±=±5V ~ 

5 

o 
10k lOOk 

\ TA = -55'C 

/\ 

......... .... 
1M 

f - Frequency - Hz 

FIGURE 14 

10M 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

30 

25 

20 

15 

10 

5 

o 
10 k 

FREQUENCY 

RL = 10 kQ 
TA = 25'C 

\VCC± = ±15V 

\ 
:\ 

\ 
VCC±=±5V 

II ilill ~ 
""" lOOk 1M 10M 

1- Frequency - Hz 

FIGURE 16 
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MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

16 

FREQUENCY 

vJcl~I~HI~ RL = 2kQ 
TA = 25'C 

\ 
\ 
i\ 

VCC± = ±5V \ 

..........-
100 k 1M 

f - Frequency - Hz 

FIGURE 15 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

10 M 

VCC± = ±1.5V 
14 

12 ~ 
TA = 25'C 

:---.. 

10 

8 

6 

4 

2 

o 
o 

"'" ~ "-"'-""- VOM+ 

VO::::-"- "'-
'\ "'-~ 

10 

\ 
\ 

1\ 
20 30 

1101 - Output Current - mA 

FIGURE 17 

40 

~ 
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toata at high and low temperatures Bre applicable within the rated operating free-air temperature ranges of the various devices. 
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TL087. TL088. TL287. TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

16 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

RL = 10 kn 

RL = 2kn 
> 
I 12 

f VOM+ 
8 

VCC± = ±15V 

VOM- RL = 2kn 

-16 
RL = 10kn 

-75 -SO -25 0 25 50 75 100 125 

T A - Free·Alr Temperature - "C 

FIGURE 18 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 

Vcc± = ±15V 
...... RL = 2kn 

"" 
CL = 25pF 

~ TA = 25"C 

\ "" ~VD "- "" ........ "-.. 

PHASE SHIFT "" ~ \ 
"" ~\ 

" 180" 0.1 
10 100 lk 10k lOOk 1 M 10M 

1- Frequency - Hz 

FIGURE 20 

> 
~ 
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LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs 

LOAD RESISTANCE 
2SO 

Vo = ±1 V 
TA = 25"C 

Iii 200 

~ 
15. 
E 150 
<I .. 
'" ~ 
0 
> 

~ 
!! 

~ 
I 
Q 

~ 

100 

SO 

o 
0.4 

VCC± = ±15V 

~ ..... 

V 
/".... 

VCC± = ±5V 

V 
..,.....-

4 10 40 100 

RL - Load Resistance - kn 

FIGURE 19 

LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 
1000 

VCC + = +15V 
Vo = ±10V 

RL = 10kn - ----- ----.. - ............ 
RL = 2kll 

iii 
E 40 !! 
~ 
i5 
I 
Q 

~ 
10 
-75 -50 -25 0 25 50 75 100 125 

T A - Free-Air Temperature - "C 

FIGURE 21 

tOata at high and low temperatures are applicable within the rated operating free~air temperature ranges of the various devices. 
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TL087, TL088, TL287, TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

100 
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COMMON· MODE REJECTION RATIO 
vs 

FREQUENCY 

VCC ± = ±15V 

'\ TA = 25°C 

.'" '\ 
'" '\ '\ 

\ 

100 1 k 10k 100k 1M 10 M 

f - Frequency - Hz 

FIGURE 22 

OUTPUT IMPEDANCE 
vs 

FREQUENCY 

/ AVO = 100/ / 

/ / / 

§ 10 
/ / / 

I 
I 

/ 

/ 

0.1 
1k 

/ 

/ 

/ 
AVO =,. 

/ 
/V 

AVO = 1 

VCC± = ±15V 
-
-

TA = 25°C -
ro (open loop) ~ 250 r.l 

10 k 100k 
f - Frequency - Hz 

FIGURE 24 
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COMMON·MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

VIC = VICRmln 

I 
VCC± = ±15V 

r-- VCC± = ±5V 

-75 -50 -25 a 25 50 75 100 125 

110 

'II 
I 

,g 106 
s! 
j 
1,02 
II! 

f 98 

:t 
i 
I 

i 
94 

90 

TA - Fr_Alr Temperalure - °c 

FIGURE 23 

SUPPLY-VOLTAGE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

VCC± = ±5V 10 ±15V 

-

-75 -50 -25 0 25 50 75 100 125 
T A - .F_-Alr Tamperalure - °C 

FIGURE 25 

t Data at high and low temperatures are applicable within the rated operating free-air temparature ranges of the various devices. 
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TL087. TL088. TL287. TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 
60 

Vo = 0 
i-TA = 25°e 
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V /VIO=1V 

-r--
VIO = 1 .;------

4 6 8 10 12 14 16 
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FIGURE 26 
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SHORT-CIRCUIT OUTPUT CURRENT 
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FIGURE 27 
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toata at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TL087, TLOBB. TL2B7, TL2BB 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 29 

SLEW RATE 
vs 

LOAD RESISTANCE 

SR+ 

V 
:--

SR-

V 

VCC± = ±15V 
CL = 100pF 
TA = 25°C 
See Figure 1 

4 10 40 100 
RL - Load Resistance - kQ 

FIGURE 31 
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T A - Free-Air Temperature - °C 

FIGURE 30 

SLEW RATE 
vs 

FREE-AIR TEMPERATURE 

SR+ 

/' -r----r--
~ SR-

VCC± = ±15V 
RL = 2kQ 
CL = 100 pF 

See ~lgUre 11 

-75 -50 -25 0 25 50 75 100 125 
T A - Fr_Air Temperature - °C 

FIGURE 32 

t Data at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TL087. TL088. TL287. TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

50 
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20 

OVERSHOOT FACTOR 
vs 

LOAD CAPACITANCE 
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FIGURE 33 

TOTAL HARMONIC DISTORTION 
vs 

FREQUENCY 

VCC+ = +15V 

AVO - 1 

Vo(rms) = 6 V 
TA = 25"C 

1 k 10 k 

f - Frequency - Hz 

FIGURE 35 
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FIGURE 34 

UNITY-GAIN BANDWIDTH 
vs 

SUPPLY VOLTAGE 

...... --f--~ -
Vi = 10mV 

RL = 2kn 

CL = 25 pF 

TA = 25"C 

100 k 

See Figure 4 
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IVcc ±I- Supply Voltage - V 

FIGURE 36 
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TL087, TLOBB, TL2B7, TL2BB 
JfET·INPUT OPERATIONAL AMPLIfiERS 

TYPICAL CHARACTERISTICS t 

UNITY-GAIN BANDWIDTH PHASE MARGIN 
vs 

SUPPLY VOLTAGE 
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vs 
FREE-AIR TEMPERATURE 

2r-~---T---+---r--~--+---r--; 

Vi = 10 mV -1---T---+---r--~--f 
RL = 2kQ 

CL = 25pF 
See Figure 4 
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FIGURE 37 

PHASE MARGIN 
vs 

LOAD CAPACITANCE 

Vi = 10mV 
RL = 2kQ 
TA = 25'C 

I See rigUre 4 
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VCC ± = ±15V 
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Vi = 10mV 
RL = 2kn 
CL = 25pF 
TA = 25'C 
See Figure 4 
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Ivcc ±I-Supply Voltage-V 

FIGURE 38 

PHASE MARGIN 
vs 

FREE-AIR TEMPERATURE 

VCC± = ±15V --~ --V 
VCC± = ±5V 

--f-" 
I I V 

,'/ Vi = 10mV 

RL = 2kn 
CL = 25pF 

s~e Fig~re 4 
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T A - Free-Air Temperature - 'C 

FIGURE 40 

tOata at high and low temperatures are applicable within the rated operating free-air temperature ranges of the various devices. 
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TL087, TL088, TL287, TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

VOL TAGE·FOLLOWER VOL TAGE·FOLLOWER 
LARGE·SIGNAL 

PULSE RESPONSE 
SMALL·SIGNAL 

PULSE RESPONSE 
8 

1\ 6 

I~ 1'1 

VCC±=±15V 

> 4 
I .. 
'" 2 

1!J 
0 

I I 

I 
VCC±=±15V 

RL = 2kll 
CL = 100 pF 

TA = 25°C 
See Figure 1 

1111 r-
V 

> 
:; 0 
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" 0 -2 
I 
0 
> -4 

-6 

RL = 2kll 
CL = 100 pF \ TA = 25°C 
See Figure 1 \ 
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TL087. TL088. TL287. TL288 
JFET·INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

output characteristics 

All operating characteristics are specified with 1 OO·pF load capacitance. These amplifiers will drive higher 
capacitive loads; however, as the load capacitance increases, the resulting response pole occurs at lower 
frequencies, thereby causing ringing, peaking, or even oscillation. The value of the load capacitance at 
which oscillation occurs varies with production lots. If an application appears to be sensitive to oscillation 
due to load capacitance, adding a small resistance in series with the load should alleviate the problem. 
Capacitive loads of 1000 pF and larger may be driven if enough resistance is added in series with the output 
(see Figure 43). 

(a) Cl = 100 pF, R = 0 (b) Cl = 300 pF, R = 0 (e) Cl = 350 pF, R = 0 

(d)Cl = 1000pF,R = 0 (a)Cl 1000pF,R = son (I)Cl = 1000pF,R = 2kn 

FIGURE 43. EFFECT OF CAPACITIVE LOADS 

+5V 

-5V 

Cl 
(see Note A) 

NOTE A: CL includes fixture capacitance. 

2k!l 

FIGURE 44. TEST CIRCUIT FOR OUTPUT CHARACTERISTICS 
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input characteristics 

TL087, TL088, TL287, TL288 
JFET-INPUT OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

These amplifiers 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, these amplifiers 
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 45). These guards should be driven from • 
a low-impedance source at the same voltage level as the common-mode input. 

(a) NONINVERTING AMPLIFIER 

noise performance 

Vo 

(b) INVERTING AMPLIFIER 

FIGURE 45. USE OF GUARD RINGS 

(e) UNITY-GAIN AMPLIFIER 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of these amplifiers result in a very low current noise. 
This feature makes the devices especially favorable over bipolar devices when using values of circuit 
impedance greater than 50 kIt 
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TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

• Continuous·Short Circuit Protection 

• Wide Common· Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch·Up 

• Unlty·Galn Bandwidth 3 MHz Typical 

• Gain and Phase Match Between Amplifiers 

description 

The TL136C is a quad high-performance 
operational amplifier with each amplifier 
electrically similar to the uA741 except that offset 
null capability is not provided. 

The high common-mode input voltage range and 
the absence of latch-up make these amplifiers 
ideal for voltage-follower applications. The 
devices are short-circuit protected and the 
internal frequency compensation ensures 
stability without external components. 

The TL136C is characterized for operation from 
O°Cto 70°C. 

schematic (each amplifier) 

02604·, NOVEMBER 1981-MAY 1988 

N PACKAGE 
(TOP VIEW) 

AMPL { OUT OUT} 
#1 IN- IN- AMPL 

IN+ IN+ #4 

Vcc+ Vcc-

AMPL {IN+ IN+} AMPL 
#2 IN- IN- #3 

OUT"-1..:._~t-' OUT 

symbol leach amplifier) 

NON INVERTING =t>-
INPUT IN + OUTPUT 

INVERTING -
INPUT IN-

VCC+----~~------.-------._--~~--_.--_, 

NONINVERTING __ -(-__ -, 
INPUT 

INVERTING 
INPUT 

OUTPUT 

Vcc--~~-~-~----~--~-~--~~ 

Copyright @ 1983. Texas Instruments Incorporated 
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TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

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

Supply voltage VCC+ (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Supply voltage VCC- (see Note 1) . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -18 V 
Differential input voltage (see Note 2) .. ,'....................................... ±30 V 
Input voltage (any input, see Notes 1 and 3) ..................................... ±15 V 
Duration of output short-circuit to ground, one amplifier at a time (see Note 4) ............ unlimited 
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 1 ,6 mm (1/16 inch) from case for 10 seconds . . . . . . . . . . . . . . . . . . . . . . .. 260·C 

NOTES: 1. All voltage values. unless otherwise noted, are with respect to the midpoint between VCC+ and VCC-. 
2. Differential vo~ages are at the non inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the Input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

PACKAGE 

N 

DISSIPATION RATING TABLE 

TA :$ 25·C 
POWER RATING 

800mW 

DERATING 
FACTOR 

9.2mWrC 

TA = 70·C 
POWER RATING 

736mW 
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TL136C 
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIER 

electrical characteristics at specified free-air temperature, Vee + = 15 V, Vee- -15 V 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

Via Input offset voltage Va = 0, RS = 50n 
25'C 0.5 6 

mV 
O'C to 70'C 7.5 

110 Input offset current Va = 0 
25'C 5 200 

nA 
O'Cto 70'C 300 

liB Input bias current Va = 0 
25'C 40 500 

nA 
O'Cto 70'C 800 

VICR Common-mode input voltage range 25'C ±12 ±14 V 

RL = 10kn 25'C 24 28 

VOPP 
Maximum peak-to-peak output RL - 2 kn 25'C 20 26 V 
voltage swing 

RL'" 2 kn O'C to 70'C 20 

Large-signal differential voltage 25'C 20 300 
V/mV AVO amplification 

RL2:2kn, VO= ±10V 
O'Cto 70'C 15 

Bl Unity-gain bandwidth 25'C 3 MHz 

ri Input resistance 25'C 0.3 5 Mn 

CMRR 
Common-mode Vc = VICR min, 

25'C 70 90 dB 
rejection ratio RS = son 

kSVS 
Supply voltage sensitivity VCC± = ±9 V to ± 15 V, 

25'C 30 150 INN 
(dVIOltNCC) RS=50n 

Vn 
Equivalent input AVO - 100, Rs -lOOn, 

25'C 7.5 nV/jHz 
noise voltage (closed-loop) 1=1 kHz, BW=IHz 

25'C 5 11.3 

ICC Supply current No load, Va = ov O'C 6 13.7 mA 
(All lour amplifiers) 70'C 4.5 11.3 

25'C 150 340 

Po 
Total power dissipation No load, Va = ov O'C 180 400 mW 
(All four amplifiers) 

70'C 135 300 

Crosstalk attenuation Open loop f=10kHz 
25'C 105 

dB Vo l V02 
AVO 

RS = 1kn, 
25'C 105 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specilied. 

operating characteristics, Vee + = 15 V, Vee- = -15 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tr Rise time VI = 20 mY, RL = 2 kn, 0.13 I-\s 
CL = 100 pF 

SR Slew rate at unity gain VI = 10V, 
CL=100pF 

RL = 2 kn, 2.0 V/I-\s 

fI 
II) ... 
Q) 

~ 
Q. 
E « 
iii 
c 
o 
.~ 

CO ... 
Q) 
c. o 

TEXAS • 
INSTRUMENlS 2-439 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



o 
't' 
CD 
Cil ... 
0' 
j 

!. 
l> 
3 
'2. ::;: 
(ii' ... 
(I) 

2-440 



• Wide Range of Supply Voltages Single 
Supply .. 3 V to 30 V or Dual Supplies 

• Low Supply Current Drain Independent of 
Supply Voltage ••. 0.8 mA Typ 

• Common-Mode Input Voltage Range 
Includes Ground Allowing Direct Sensing 
near Ground 

• Low Input Bias and Offset Parameters Input 
Input Offset Voltage ••. 2 mV Typ 
Input Offset Current •.. 3 nA Typ (TL3211) 
Input Bias Current ... 45 nA Typ 

• Differential Input Voltage Range Equal to 
Maximum-Rated Supply Voltage ..• ±32 V 

• Open-Loop Differential Voltage 
Amplification •.. 100 V/mV Typ 

• Internal Frequency Compensation 

description 

The TL321 is a high-gain, frequency­
compensated operational amplifier that was 
designed specifically to operate from a Single 
supply over a wide range of voltages. Operation 
from split supplies is also possible as long as the 
difference between the two supplies is 3 V 
to 30 V and pin 7 is at least 1.5 V more positive 
than the input common-mode voltage. The low 
supply current drain is independent of the 
magnitude of the supply voltage. 

Applications include transducer amplifiers, doc 
amplification blocks, and all the conventional 
operational amplifier circuits that now can be 
more easily implemented in single-supply­
voltage systems. For example, the TL321 can be 
operated directly off of the standard 5-V supply 
that is used in digital systems and will easily 
provide the required interface electronics without 
requiring additional ±15-V supplies. 

The TL321 I is characterized for operation from 
-25°e to 85°e. The TL321 e is characterized for 
operation from ooe to 700 e. 

TL321I, TL321 C 
OPERATIONAL AMPLIFIERS 

• APRIL 1 

TL321 I. TL321C ... D. JG OR P PACKAGE 

(TOPVIEWI 

NC[]8 NC 
IN- 2 7 VCC 
(N+ 3 6 OUT 
GND 4 5 NC 

NC - No internal connection 

symbol 

IN+=t>-
OUT 

IN- -

AVAILABLE OPTIONS 

PACKAGE 

TA VIOMAX SMALL- CERAMIC PLASTIC 
81 25°C OUTLINE DIP DIP 

(D) (JG) (P) 

O°C 

to 7mV TL321CD TL321CJG TL321CP 

70°C 

-25"C 

to 5mV TL3211D TL3211JG TL3211P 

85'C 

The D packages are available taped and reeled. Add the 
suffix R to the device type. (e.g .• TL321 CDR) 

Copyright © 1983, Texas Instruments Incorporated 
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II 

Tl321 I, TL321 C 
OPERATIONAL AMPLIFIERS 

schematic 

r---------------~--~~--~------~~_.~---Vcc 

INVERTING 
INPUT IN-

NONINVERTING ------if------if----~ 
INPUT IN+ 

_.---OUTPUT 

"'---GND 

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

Supply voltage, VCC (see Note 1) ............................................. 32 V 
Differential input voltage (see Note 2) .......................................... ±32 V 
Input voltage range (either input) ....................................... -0.3 V to 32 V 
Duration of output short-circuit to ground at (or below) 25°C free-air temperature 

(Vce s; 15 V) (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range: TL321 I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -25°C to 85°e 

TL321 C .............................. " O°C to 70°C 
Storage temperature range ................ . . . . . . . . . . . . . . . . . . . . . . . . .. -65°e to 1500 e 
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 

NOTES: 1. All voltage values. except differential voltages. are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to VCC can cause excessive heating and eventual destruction. 

DISSIPATION RATING TABLE 

TAS 2S'C DERATING DERATE TA = 70'C TA = 8S'C 
PACKAGE 

POWER RATING FACTOR ABOVETA POWER RATING POWER RATING 

D 680mW 5.8mWI'C 33'C 464mW 377mW 

JG 680mW 6.6mWI'C 47'C 528mW 429mW 
p 680mW 8.0mWI'C 65'C 640mW 520mW 
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TL321I, TL321 C 
OPERATIONAL AMPLIFIERS 

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

TEST CONDITIONSt 
TL321 I TL321C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

VIC = VICR min, 
25'C 2 5 2 7 

Via Input offset voltage 
VCC = 5 V to 30 V, 

mV 
Va = 1.4 V, 

Full range 7 9 
RS=50kn 

110 Input offset current Va = 1.4 V 
25'C 3 30 5 50 

Full range 
nA 

lOa 150 

liB Input bias current Va = 1.4 V 
25'C -45 -150 -45 -250 

nA 
Full range -300 -500 

25'C 
Oto Oto 

VICR 
Common-mode input 

VCC = 5Vt030V 
VCC-I.5 VCC-I.5 

V 
voltage range Oto Oto 

Full range 
VCC-2 VCC-2 

VCC - 30 V, 
Full range 26 26 

RL = 2 kn 

VOH High-level output voltage VCC - 30V, V 

RL'" 10kn 
Full range 27 28 27 28 

RL '" 2 kn 25'C 3.5 3.5 

VOL Low-level output voltage RL S 10k!! Full range 5 20 5 20 mV 

Large-signal differential 
VCC = 15V, 25'C 50 100 25 lao 

AVO Va = I Vto II V, V/mV 
voltage amplification 

RL",2k!! Full range 25 15 

CMRR 
Common-mode VIC - VICR min, 

25'C 85 dB 
rejection ratio RS=50n 

70 85 65 

kSVR 
Supply voltage rejection VCC = 5 Vto30 V, 

25'C 65 lOa 65 100 dB 
ratio (/!NcclI1VIOl RS = 50n 

VCC = 15V, 25'C -25 -40 -20 -40 
Source VIO= I V, 

VO= 0 Full range -10 -20 -10 -20 
mA 

10 Output current VCC = 15V, 25'C 10 20 10 20 

Sink VIO = -I V, 

Va = 15V Full range 5 8 5 8 

VIO - -I V, 
25'C 12 

Va = 200 mV 
50 12 50 p.A 

No load 

Va = 15V, Full range 2 2 

ICC Supply current 
VCC = 30V 
No load 

mA 

Va = 2.5 V, Full range 0.4 I I 

VCC = 5V 

t All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range is -25'C 
to 85'C for TL3211, and O'C to 70'C for TL321 C. 
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• Wide Range of Supply Voltages 
Single Supply ... 3 V to 36 V or 
Dual Supplies 

• Class AB Output Stage 

• True Differential Input Stage 

• Low Input Bias Current 

• Internal Frequency Compensation 

• Short-Circuit Protection 

description 

The TL3221 and the TL322C are dual operational 
amplifiers similar in performance to the uA 7 41 
but with several distinct advantages. They are 
designed to operate from a single supply over a 
range of voltages from 3 V to 36 V. Operation 
from split supplies is also possible provided the 
difference between the two supplies is 3 V to 
36 V. The common-mode input range includes 
the negative supply. Output range is from the 
negative supply to VCC- 1.5 V. Quiescent 
supply currents per amplifier are typically less 
than one-half those of the uA 7 41 . 

The TL3221 is characterized for operation from 
-40°C to 85°C. The TL322C is characterized 
for operation from O°C to 70°C. 

schematic leach amplifierl 

NONINVERTING -+ ____ -++_---, 
INPUT IN-!-

INVERTING 
INPUT IN-

All component values shown are nominal 

PRODUCTION DATA documents contain Information 

TL3221, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

02567, OCTOBER 1979 - REVISED OCTOBER 1988 

0, JG, DR P PACKAGE 

ITOP VIEW) 

aUTOS Vcc+ AMPL{ IN- 2 7 aUT}AMPL 
# 1 IN + 3 6 IN - # 2 

GND 4 S IN+ 

symbol leach amplifierl 

NON INVERTING =t>-
INPUT IN+ + 

OUTPUT 
INVERTING -
INPUT IN-

AVAILABLE OPTIONS 

PACKAGE 

TA 
VIO MAX 

SMALL-OUTLINE 
CERAMIC PLASTIC 

AT 25°C DIP DIP 
101 

IJG) IP) 

O·C 

to 10 mV TL322CD TL322CJG TL322CP 

70°C 

-40·C 

to S mV TL322)D TL3221JG TL322)P 

85°C 

o packages are available taped and reeled. Add "R" suffix to device 
type. le.g. TL322CDRI 

COMMON -..- - - - -, 
BIAS CIRCUITRY I I 

.r1~==:j:::=1=:;-i1 } TO OTHER 
~--+H-- AMPLIFIER 

........ ~i+--+i--t-- OUTPUT 

Copyright © 1979, Texas Instruments Incorporated 
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TL3221, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

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

TL3221 TL322C UNIT 

Supply voltage Vee + (see Note 1) 18 18 V 

Supply voltage Vee _ (see Note 1) -18 -18 V 

Supply voltage Vee + with respect to Vee- 36 36 V 

Differential input voltage (see Note 2) ±36 ±36 V 

Input voltage (see Notes 1 and 3) ±18 ±18 V 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range -40 to 85 o to 70 °e 

Storage temperature range -65 to 150 -65 to 150 °e 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I JG package 300 300 °e 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I D or P package 260 260 °e 

NOTES: 1. These voltage values are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Neither input must ever be more positive then Vee + or more negative than Vee _. 

DISSIPATION RATING TABLE 

TA s 25°C DERATING DERATE TA - 70·C TA - 85·C 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING 

D 680 mW 5.8 mW/oe 33°C 464mW 377mW 

JG 680mW 6.6 mW/oe 47°C 528 mW 429 mW 

P 680mW 8.0 mW/oe 65°C 640mW 520 mW 
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TL3221, TL322C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature; Vee ± = 15 V (unless otherwise noted) 

PARAMETER TEST CONOITIONSt 
TL3221 TL322C 

UNIT 
MIN TYP MAX MIN TYP MAX 

Va = 0, 25°C 2 B 2 10 
Via Input offset voltage mV 

RS = 50 Il Full range 10 12 

Temperature coefficient of Va = 0, 
"'via input offset voltage RS = 50 Il 

25°C 10 10 ~V/oC 

25°C 30 75 30 50 
110 Input offset current Va = 0 nA 

Full range 250 200 

Temperature coefficient of 
Va = 0 25°C 50 50 pA/oC "'110 input offset current 

25°C -0.2 -0.5 .-0.2 -0.5 
liB Input bias current Va = 0 

Full range -1 -O.B 
p.A 

Common-mode input 
VCC- VCC- VCC- VCC-

VICR 
voltage range t 

25°C to to to to V 

13 13.5 13 13.5 

RL = 10 kll 25°C ±12 ± 12.5 ±12 ±13.5 

YOM Peak output voltage swing 25°C ±10 ±12 ±10 ±13 V 
RL = 2 kll 

Full range ±10 ±10 

Large-signal diflerential Va = ±10V, 25°C 20 200 20 200 
AVO voltage amplilication RL = 2 kll Full range 15 15 

V/mV 

VOPP = 20 V, 

BaM 
Maximum-output- AVO = 1, 

swing bandwidth THO s 5%, 
25°C 9 9 kHz 

RL = 2 kll 

Bl Unity-gain bandwidth 
Va = 50 mY, 

RL = 10 kll 
25°C 1 1 MHz 

rPm Phase margin 
RL = 2 kll, 

CL = 200 pF 
25°C 60° 60° 

ri Input resistance I = 20 Hz 25°C 0.3 1 0.3 1 Mil 

ro Output resistance I - 20 Hz 25°C 75 75 [I 

CMRR Common-mode rejection ratio 
VIC = VICR min, 

25°C 
RS = 50 [I 

70 90 70 90 dB 

Supply voltage sensitivity 
VCC = ±2.5 V to 

kSVS ±15 V, 25°C 30 150 30 150 p.V/v 
(.:l.VIO/.:l.VCCI 

RS = 50 Il 

lOS Short-circuit output current § Va = 0 25°C ±10 ±30 ±45 ±10 ±30 ±45 rnA 

ICC Total supply current 
Va - O. 

No load 
25°C 1.4 4 1.4 4 rnA 

tAli characteristics are noted under open-loop conditions unless otherwise noted. Full range for TA is -40°C to 85°C for TL3221, and 
o °C to 70°C lor TL322C. 

tThe VICR limits are directly linked volt-lor-volt to supply voltage; the positive limit is 2 V less than VCC +. 
§Temperature andlor supply voltages must be limited to ensure that the dissipation rating is not exceeded. 
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TL3221, TL322C 
DUAL LOW·POWER OPERATIONAL· AMPLIFIERS 

electrical characteristics. VCC+ .. 5 V. VCC- .. 0 V. TA == 25°C(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

VIO Input offset voltage Vo = 2.5 V. RS = 50 II 

110 Input offset current Vo = 2.5 V 

118 Input bias current 

RL = 10 kll 

VOM Peak output voltage swing * RL = 10 kll. 

VCC+ = 5Vto30V 

AVO 
Large-signal differential Vo = 1.7Vto3.3V. 

voltage amplification RL = 2 kll 

kSVS 
Supply voltage sensitivity 

VCC = ±2.5Vto ±15V 
(aVIO/'<WCC±) 

ICC Supply current Vo = 2.5 V. No load 

Vo1iVo2 Crosstalk attenuation 
AVO = 100. 
f = 1 kHz to 20kHz 

t All characteristics are specified under open-loop conditions . 
*Output will swing essentially to ground. 

TL3221 

MIN TYP 

3.3 3.5 

VCC+ -1.7 

20 200 

1.2 

120 

TL322C 

MAX MIN TYP MAX 
UNIT 

8 2 10 mV 

75 30 50 nA 

-0.5 -0.2 -0.5 pA 

3.3 3.5 

VCC+ -1.7 
V 

20 200 V/mV 

150 150 /LViV 

4 1.2 4 rnA 

120 dB 

switching characteristics: VCC + ±15 V. AVO 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

SR Slew rate at unity gain VI = ±10V. CL = 100 pF. See Figure 1 0.6 V//Ls 

tr Rise time 
CL = 100 pF. RL = 10 kll. 

0.35 /LS 

tf Fall time 
aVO = 50 mV. 

0.35 /Ls 

Overshoot factor 
See Figure 1 

20% 

Crossover distortion VIPP = 30 mV. VOPP = 2 V. f = 10 kHz 1% 

PARAMETER MEASUREMENT INFORMATION 

CL - 100 pF 

FIGURE 1. UNITY-GAIN AMPLIFIER 
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TL3221. TL322C 
DUAL LOW·POWER OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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See Figure 1 
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FIGURE 5 

fOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TL3221, TL322C 
DUAL LOW,POWER OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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FIGURE 7 

tOata at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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TLC251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW·POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

• Wide Range of Supply Voltages 
1.4 V to 16 V 

• True Single-Supply Operation 

• Common-Mode Input Voltage Range 
Includes the Negative Rail 

• Low Noise ... 30 nV .y'Hz Typ at 1 kHz 
(High Biasi 

description 

The TLC251 C, TLC251 AC, and TLC251 BC are 
low-cost, low-power programmable operational 
amplifiers designed to operate with single or dual 
supplies. Unlike traditional metal-gate CMOS op 
amps, these devices utilize Texas Instruments 
silicon-gate LinCMOS'" process, giving them 
stable input offset voltages without sacrificing 
the advantages of metal-gate CMOS. This series 

symbol 

02751. JULV 1983-REVISEO SEPTEMBER 1988 

D. JG. OR P PACKAGE 

(TOP vlEwl 

OFFSET N1 DB BIAS SELECT 
IN- 2 7 VDD 
IN+ 3 6 OUT 
GND 4 5 OFFSET N2 

NON INVERTING + 

BIAS SELECT~ 

INPUT IN + OUTPUT 

INVERTING -
INPUT IN-

OFFSET Nl 

OFFSET N2 

of parts is available in selected grades of input offset voltage and can be nulled with one external 
potentiometer. Because the input common-mode range extends to the negative rail and the power 
consumption is extremely low, this family is ideally suited for battery-powered or energy-conserving 
applications. A bias-select pin can be used to program one of three ac performance and power-dissipation 
levels to suit the application. The series features operation down to a 1.4-V supply ancl is stable at unity gain. 

The TLC251 C series is characterized for operation from OOC to 70°C. 

These devices have internal electrostatic discharge (ESO) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 V as tested under MIL-STO-883C, Method 3015.1. However, care should 
be exercised in handling these devices as exposure to ESO may result in a degradation of the device 
parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for 
the TLC251 C series include many areas that have previously been limited to BIFET and NFET product types. 
Any circuit using high-impedance elements and requiring small offset errors is a good candidate for cost­
effective use of these devices. Many features associated with bipolar technology are available with 
LinCMOS'" operational amplifiers without the power penalties of traditional bipolar devices. Remote and 

AVAILABLE OPTIONS 

PACKAGE 

TA 
VIO MAX 

SMALL-OUTLINE PLASTIC DIP CERAMIC DIP 
AT 25°C 

10) (P) (JG) 

O·C 10 mV TLC251CO TLC251CP TLC251CJG 

to 5 mV TLC251ACD TLC2S1ACP TLC251 ACJG 

70·C 2 mV TLC251BCO TLC2S1BCP TLC251 BCJG 

o packages are available taped-and-reeled. Add "R" suffix to device type when 
ordering (e.g .• TLC251 CDR). 

LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1983, Texas Instruments Incorporated 
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TLC251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW·POWER LinCMOSfM OPERATIONAL AMPLIFIERS 

description (continued) 

inaccessible equipment applications are possible using the low-voltage and low-power capabilities of the 
TLC251C series. In addition. by driving the bias-select input with a logic signal from a microprocessor. 
these operational amplifiers can have software-controlled performance and power consumption. The 
TLC2 51 C series is well suited to solve the difficult problems associated with single battery and solar cell­
powered applications. 

schematic 

VDD--------------------~-.------------~------~ 

--------- -..,-
" 

IN+ 

IN-

BIAS 
SELECT 

~---_+-------------OUTPUT 

OFFSET N1--------------+-.. 

OFFSET N2 -----------++---+----. 

GND-------------~~---~--~~~ __ -~-----~ 
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TLC251C. TLC251AC. TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) ......................................... ± 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 18 V 
Duration of short-circuit at (or below) 25·C free-air temperature (see Note 3) .......... unlimited 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range ...................................... O·C to 70·C 
Storage temperature range ......................................... - 65·C to 160·C 
Lead temperature 1,6 mm (1/16) inch from the 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 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltagas are at the noninvertlng input terminal, with respect to the inverting input terminal. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum 

dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA - 25°C DERATING FACTOR TA - 70·C 

POWER RATING ABOVE TA - 25·C POWER RATING 
0 725 mW 5.8 mW/·C 464mW 

JG 825mW 6.6 mW/oC 528 mW 
P 1000 mW 8.0 mW/oC 640mW 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VOO 1.4 16 V 

VOO = 1.4 V 0 0.2 

VOO = 5 V -0.2 4 
V Common-mode input voltage, VIC 

VOO = 10 V -0.2 9 

VnO = 16 V -0.2 14 

Operating free-air temperature, T A 0 70 °C 

Bias Select pin voltage See Application Information 
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TLC251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo = 10 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt BIAS MIN TYP MAX UNIT 

TLC251C 
25·C 

Any 
10 

O·C to 70·C 12 

Via Input offset voltage TLC251AC 
Va = 1.4 V. 25·C 5 

Any mV 
RS = 500 O·C to 70·C 6.5 

25·C 
TLC251BC 

O·C to 70·C 
2 

Any 
3 

Average temperature cgefficient 
Low 0.7 

"via 25·Cto 70·C Medium 2 ~VI·C 
of input offset voltage 

High 5 

VIC = 5 V. 25·C 1 
110 Input offset current 

Va = 5 V O·C to 70·C 
Any 

300 
pA 

VIC ~ 5 V. 25·C 1 
liB Input bias current 

Va = 5 V O·C to 70·C 
Any 

600 
pA 

Common-mode input 
-0.2 

VICR 25·C Any to V 
voltage range 

9 

YOM Peak output voltage ranget VIO = 100 mV 
25·C 

Any 
8 8.6 

V 
O·C to 70·C 7.8 

Low 30 500 
25·C Medium 20 280 

AVO 
Large-signal differential Va = 1 to 6 V. High 10 40 

VlmV 
voltage amplification RS = 500 Low 25 

O·C to 70·C Medium 15 

High 7.5 

CMRR Common-mode rejection ratio 
Va = 1.4 V. 

25·C 
VIC = VICR min 

Any 65 88 d8 

Supply voltage rejection ratio 
Low 70 88 

kSVR 
VOO = 5 to 10 V. 

25·C Medium 70 88 d8 
I~ VCCI~ ViOl VO=l.4V 

High 65 82 

Va = O. 
-55 

lOS Short-circuit output current 
VIO = 100 mV 

25·C Any mA 
Va - VOO. 

15 
VIO = -100 mV 

IIHISEL) 
High-level input current 

VHSEL) = 0 V 
to bias select 

25·C High 10.5 ~A 

IILISEL) 
Low-level input current 

VHSEL) = 10 V 
to bias select 

25·C Low 1.3 ~ 

Low 10 23 

25·C Medium 150 300 
No load. 

High 1000 2000 
100 Supply current Va = 5 V. 

Low 33 
~A 

VIC = 5 V 
O·C to 70·C Medium 400 

High 2200 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless 
otherwise noted. an output load resistor is connected from the output to ground and has the following values: for low bias RL = 1 MO. 
for medium bias RL = 100 kO. and for high bias RL = 10 kll. 

t The output will swing to the potential of the ground pin. 

2-454 
TEXAS ..., 

INSTRUMENTS 
POST OFFICE BOX 65'5012 • DALLAS. TeXAS 75286 



TLC251C. TLC251AC. TLC251BC 
PROGRAMMABLE LOW·POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo '"' 1.4 V 

PARAMETER TEST CONDITIONst BIAS MIN TYP MAX UNIT 

25°C 10 
TLC251C Any 

OOC to 70°C 12 

Vo = 0.2 V, 25°C 5 
VIO Input offset voltage TLC251AC 

OOC to 70°C 
Any mV 

RS = 50!l 6.5 

TLC251BC 
25°C 

OOC to 70°C 
Any 

2 

3 

Average temperature coefficient 
25°C to 70°C Any 1 ~V/oC avlO of input offset voltage 

110 Input offset current Va = 0.2 V 
25°C 

OOC to 70°C 

1 
Any 

300 
pA 

liB Input bias current Va =0.2 V 
25°C 

OOC to 70°C 
Any 

1 

600 
pA 

0 

VICR 
Common-mode input 

25°C Any to V 
voltage range 

0.2 

YOM Peak output voltage swing* VIO = 100 mV 25°C Any 450 700 mV 

AVO 
Large-signal differential Va = 100 to 300 mV, 

25°C 
Low 20 

voltage amplification 
V/mV 

RS = 50!l High 10 

Common-mode 
RS = 50!l 

CMRR Va = 0.2 V, 25°C Any 60 77 dB 
rejection ratio 

VIC = VIC min 
Vo = 0.2 V, Low 5 17 

100 Supply current 25°C ~A 
No load High 150 190 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless 
otherwise noted, an output load resistor is connected from the output to ground and has the following values: for low bias RL = 1 MO, 
for medium bias RL = 100 k!l, and for high bias RL = 10 k!l. 

* The output will swing to the potent;al of the ground pin. 

operating characteristics. VOO '"" 1.4 V. T A - 25°C 

PARAMETER TEST CONDITIONS BIAS MIN TYP MAX UNIT 

B1 Unity-gain bandwidth CL = 100 pF 
Low 

High 

12 

75 
kHz 

SR Slew rate at unity gain See Figure 1 
Low 0.001 

0.01 
V/~s 

High 

Overshoot factor 
Low 35% 

See Figure 1 
High 30% 
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TLC251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

operating characteristics. VOO 

PARAMETER TEST CONDITIONS BIAS 

AV = 40 dB. Low 

B1 Unity-gain bandwidth CL = 100 pF. Medium 

RS = 50 II High 

Low 

SR Slew rate at unity gain See Figure 1 Medium 

High 

Low 

Overshoot factor See Figure 1 Medium 

High 

AV = 40 dB. Low 

rPm Phase margin at unity gain RS = 100 II. Medium 

CL = 100 pF High 

Low 

Vn Equivalent input noise voltage 
f=1kHz. 

Medium 
RS = 100D 

High 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

81AS 

LOW 
MEDIUM 
HIGH 

>-"-''--f-- OUTPUT 

CL - 100 pF 

1 Mil 
100 kll 
10 kD 

IN-

IN+ 

i 

MIN 

GND 

TYP MAX UNIT 

0.1 

0.7 MHz 

2.3 

0.04 

0.6 VIpS 

4.5 

30% 

35% 

35% 

43° 

43° 

50° 

70 

38 nV/yHz 

30 

OUTPUT 

FIGURE 1. UNITY-GAIN AMPLIFIER FIGURE 2. INPUT OFFSET VOLTAGE NULL CIRCUIT 
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TLC251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW-POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
MEDIUM BIAS 
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DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
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TLC251C, TLC251AC, TLC251BC 
PROGRAMMABLE LOW·POWER LinCMOSTM OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION INFORMATION 

latch up avoidance 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. 
Under certain conditions, this SCR may be triggered into a low-impedance state, resulting in excessive 
supply current. To avoid such conditions, no voltage greater than 0.3 V beyond the supply rails should 
be applied to any pin. In general, the op amp supplies should be applied simultaneously with, or before, 
application of any input signals. 

using the bias select pin 

The TLC251C series has a bias select pin that allows the selection of one of three 100 conditions (10, 
150, and 1000 pA typical). This allows the user to trade-off power and ac performance. As shown in the 
typical supply current (100) versus supply voltage (VOO) curves (Figure 4), the 100 varies only slightly 
from 4 V to 16 V. Below 4 V, the 100 varies more significantly. Note that the 100 values in the medium 
and low-bias modes at VOO = 1.4 V are typically 2 /LA, and in the high mode are typically 12 /LA. The 
following table shows the recommended bias select pin connections at VOO = 10 V: 

BIAS MODE AC PERFORMANCE 
BIAS SELECT 

TYPICAL 100* 
CONNECTIONt 

Low Low Voo 10 ~A 

Medium Medium 0.8 V to 9.2 V 150 ~A 

High High Ground pin 1000 ~A 

tThe Bias Select pin may also be controlled by external circuitry to conserve power, etc. For information regarding the bias select 
pin, see Figure 3 in the typical characteristics curves. 

:l:For IDO characteristics at voltages other than 10 V. see Figure 4 in the typical characteristics curves. 

output stage considerations 

The amplifier's output stage consists of a source-follower-connected pullup transistor and an open-drain 
pulldown transistor. The high-level output voltage (VOH) is virtually independent of the 100 selection, and 
increases with higher values of VOO and reduced output loading. The low-level output voltage (VoU 
decreases with reduced output current and higher input common-mode voltage. With no load, VOL is 
essentially equal to the GNO pin potential. 

input offset nulling 

The TLC251 C series offers external offset null control. Nulling may be achieved by adjusting a 25-kO 
potentiometer connected between the offset null terminals with the wiper connected to the device GNO 
pin as shown in Figure 2. The amount of nulling range varies with the bias selection. At an 100 setting 
of 1000 /LA (high bias). the nulling range will allow the maximum offset specified to be trimmed to zero. 
In low or medium bias or when the amplifier is used below 4 V, total nulling may not be possible for all units. 

supply configurations 

Even though the TLC251 C series is characterized for single-supply operation, it can be used effectively 
in a split-supply configuration when the input common-mode voltage (VICR), output swing (VOL and VOH). 
and supply voltage limits are not exceeded. 

circuit layout precautions 

The user is cautioned that when ever extremely high circuit impedances are used, care must be exercised 
in layout, construction, board cleanliness, and supply filtering to avoid hum and noise pickup, as well as 
excessive dc leakages. 
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• A Suffix Versions Offer 5-mV Via 

• B Suffix Versions Offer 2-mV Via 

• Wide Range of Supply Voltages 
1,4 V to 16 V 

• True Single-Supply Operation 

• Common-Mode Input Voltage Includes the 
Negative Rail 

• Low Noise ... 30 nV,jRZ Typ at 
f - 1 kHz (High-Bias Versions) 

TLC252C, TLC25L2C, TLC25M2C 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

02752, JUNE 19S3-REVISED SEPTEMBER 19SB 

0, JG, OR P PACKAGE 

(TOPVIEWI 

OUT 08 VDD 
IN- 2 7 OUT 
IN-+- 3 6 IN-
GND 4 S IN+ 

symbol (each amplifier) 

INPUT IN + OUTPUT 

INVERTING -

NON INVERTING =t>-
description INPUT IN -

The TLC252C, TLC25L2C, and TLC25M2C are low-cost, low-power dual operational amplifiers designed 
to operate with single or dual supplies. These devices utilize the Texas Instruments silicon gate LinCMOS" 
process, giving them stable input offset voltages that are available in selected grades of 2, 5 or 10 mV 
maximum, very high input impedances, and extremely low input offset and bias currents. Because the 
input common-mode range extends to the negative rail and the power consumption is extremely low, this 
series is ideally suited for battery-powered or energy-conserving applications. The series offers operation 
down to a 1.4-V supply, is stable at unity gain, and has excellent noise characteristics, 

The TLC252C series is characterized for operation from OOC to 70°C 

These devices have internal electrostatic discharge (ESO) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 Vas tested under MIL-STO-883C, Method 3015.1. However, care should 
be exercised in handling these devices as exposure to ESO may result in a degradation of the device 
parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for 
the TLC252C series include many areas that have previously been limited to BIFET and NFET product types. 
Any circuit using high-impedance elements and requiring small offset errors is a good candidate for cost­
effective use of these devices. Many features associated with bipolar technology are available with 
LinCMOS" operational amplifiers without the power penalties of traditional bipolar devices. General 
applications such as transducer interfacing, analog calculations, amplifier blocks, active filters, and signal 
buffering are all easily designed with the TLC252C series devices. Remote and inaccessible equipment 

AVAILABLE OPTIONS 

VIOMAX 
PACKAGE 

TA SMALL-OUTLINE PLASTIC DIP CERAMIC D(P 
AT 2S·C 

(01 (PI (JGI 

10mV TLC252CD TLC252CP TLC252CJG 

5 mV TLC252ACD TLC252ACP TLC252ACJG 

2 mV TLC252BCD TLC252BCP TLC252BCJG 

O·C 10 mV TLC25L2CD TLC25L2CP TLC25L2CJG 

to 5 mV TLC25L2ACD TLC25L2ACP TLC25L2ACJG 

70·C 2 mV TLC25L2BCD TLC25L2BCP TLC25L2BCJG 

10mV TLC25M2CD TLC25M2CP TLC25M2CJG 

5 mV TLC25M2ACD TLC25M2ACP TLC25M2ACJG 

2 mV TLC25M2BCD TLC25M2BCP TLC25M2BCJG 

o packages are available taped·and·reeled. Add "R" suffix to device type when 
ordering (e.g .. TLC252CDRI. 

LinCMOS is a trademark of Texas Instruments Incorporated 

PROOUCTIOI DATA d ••• mORl •• 0Rlai. i.lor ... lio. Copyright © 1983, Texas Instruments Incorporated 
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TLC252C, TLC25L2C, TLC25M2C 
LinCMOS™ DUAL OPERATIONAL AMPLIFIERS 

description (continued) 

applications are possible using their low-voltage and low-power capabilities. The· TLC252C series is well 
suited to solve the difficult problems associated with single-battery and solar-cell-powered applications. 
This series includes devices that are characterized for the commercial temperature range and are available 
in 8-pin plastic and ceramic dual-in-line (DIP) packages and the small outline (D) package. 

schematic (each amplifier) 

VDD---------------------.~~----------_, 

IN+ 

IN-

OUTPUT 

GND--------------~~----~----e-~~---" 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) ......................................... ± 18 V 
Input voltage range (any input) ............ , ................... , . . . . . .. - 0.3 V to 18 V 
Duration of short-circuit at (or below) 25 DC free-air temperature (see Note 3) .......... unlimited 
Continuous total dissipation ................................. See Dissipation Rating Table 
Operating free-air temperture range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ................................. ',' ...... -65 DC to 150DC 
Lead temperature 1,6 mm (1/16) inch from the case for 60 seconds: JG package ........ 300 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ........ 260 DC 

NOTES: 1. All voltage values, except differential voltages, are With respect to network ground terminal. 
2. Differential voltages are at the noninverting input terminal, with respect to the inverting input terminal. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum 

dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA :s 25'C DERATING FACTOR TA - 70'C 

POWER RATING ABOVE TA - 25'C POWER RATING 
0 725 mW 5.8 mW/'C 464mW 

JG 825 mW 6.6 mW/oC 528 mW 
P 1000 mW 8.0 mW/oC 640 mW 

2-462 TEXAS ~ 
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recommended operating conditions 

Supply voltage. VOO 

VOO = 1.4 V 

VOO = 5 V 
Common-mode input voltage. VIC 

VOO = 10 V 

VOO = 16 V 

Operating free~air temperature. T A 

TLC252C. TLC25L2C. TLC25M2C 
LinCMOS"" DUAL OPERATIONAL AMPLIFIERS 

MIN NOM MAX UNIT 

1.4 16 V 

0 0.2 
-0.2 4 

V 
-0.2 9 
-0.2 14 

0 70 °C 

electrical characteristics at specified free-air temperature. VOO 10 V (unless otherwise noted) 

TEST CONDITIONS t 
TLC252 C TLC25L2 C TLC25M2_C 

PARAMETER UNIT 
MIN TVP MAX MIN TYP MAX MIN TYP MAX 

25°C 10 10 10 
TLC25_2C oDe to 700e 12 12 12 

Input 
VO~l.4V. 25°C 5 5 5 

Vo offset TLC25_2AC mV 
RS ~ 50n oDe to 70De 6.5 6.5 6.5 

voltage 
25°C 2 2 2 

TLC25_2BC 
3 3 oDe to 70De 3 

Average temperature 

"VIC coefficient of input 25°C to 70 0 e 5 0.7 2 /AVloe 

offset voltage 

V'C - 5 V. 25°C 1 1 1 
110 Input offset current 

Vo ~ 5 V oDe to 70 0e 300 300 300 
pA 

VIC ~ 5 V. 25°C 1 1 1 
liB Input bias current 

Vo ~ 5 V oDe to 70 0e 600 600 600 
pA 

Common-mode input 
-0.2 -0.2 -0.2 

VICR 25°C to to to V 
voltage range 

9 9 9 
Peak output voltage 25°C 8 8.6 8 8.6 8 8.6 

VaM sWing:!: 
VID = 100 mV V oDe to 70 0e 7.8 7.8 7.8 

Large-signal differential Vo = 1 to 6 V. 25°C 10 40 50 500 25 280 
AVO V/mV 

voltage amplification RS ~ 50 n oDe to 70De 7.5 50 15 

CMRR 
Common-mode 

rejection ratio 

Va ~ 1.4 V. 

VIC = VieR min 
25°C 65 88 65 88 65 88 dB 

Supplv voltage 
VOO "" 5 to 10 V, 

kSVR rejection ratio 25 De 65 82 70 88 70 88 dB 

I" VCC'" ViOl 
Va ~ 1.4V 

Va ~ o. 
-55 -55 -55 

Short-circuit VIO ~ 100 mV 
mA lOS 25°C 

output current Va - VOD. 
15 15 15 

Vo=-100mV 

No load. 25 De 2000 4000 20 46 300 600 
100 SupplV current Va ~ 5 V. .A 

VIC ~ 5 V ODe to 70De 4400 66 800 

t All characteristics are measured under open~loop conditions with zero common-mode input voltage unless otherwise specified. Unless 
otherwise noted. an output load resistor is connected from the output to ground and has the following value: For low bias RL = 1 Mil; 
for medium bias RL = 100 kll; and for high bias RL = 10 kll. 

t The output will swing to the potential of the ground pin. 
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TLC252C. TLC25L2C. TLC25M2C 
LinCMOS"" DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo == 1.4 V (unless otherwise noted) 

E 
o 
'tJ 
(1) .... 
I» .. 
Cr 
::::s 
!. 

VIO 

aVIO 

110 

liB 

VICR 

VOM 

AVO 

CMRR 

IDO 

PARAMETER 

TLC25_2C 

Input 

offset TLC25_2AC 

voltage 

TLC25_2BC 

Average temperature 

coefficient of input 

offset voltage 

Input offset current 

Input bias current 

Common-mode input 

voltage range 

Peak output voltage 
swingi 

Large·signal differential 

voltage amplification 

Common~mode 

rejection ratio 

Supply current 

TEST CONDITIONS t 
TLC252_C 

MIN TYP MAX 

25°C 10 

oDe to 70 ce 12 

VD = 0.2 V. 25°C 5 

RS = 500 DoC to 70 0 e 6.5 

25°C 2 

DoC to 70 0 e 3 

25°C to 70ce 1 

25°C 1 
Vo = 0.2 V 

O°C to 70 0 e 300 

25°C 1 
Vo = 0.2 V ooe to 70 0 e 600 

0 

25°C to 

0.2 

VIO = 100 mV 25°C 450 700 

Vo "" 100 to 300 mY, 

RS = 500 
25°C 10 

Vo = 0.2 V, 

V'C = VieR min 
25°C 60 77 

No load, 

Vo = 0.2 V 
25°C 300 375 

TLC25L2_C TLC25M2_C 
UNIT 

MIN TYP MAX MIN TYP MAX 

10 10 

12 12 

5 5 
mV 

6.5 6.5 

2 2 

3 3 

1 1 p.V/oC 

1 1 

300 300 
pA 

1 1 

600 600 
pA 

0 0 

to to V 

0.2 0.2 

450 700 450 700 mV 

20 20 V/mV 

60 77 60 77 dB 

25 34 200 250 .A 
l> 
3 
"2-
:::;: t All characteristics are measured under open~loop conditions with zero common-mode input voltage unless otherwise specified. Unless 
Cir otherwise noted, an output load resistor is connected from the output to ground and has the following value: For low bias RL = 1 MU; 
.... for medium bias Rl = 100 kll; and for high bias Rl = 10 kll. 
en * The output will swing to the potential of the ground pin. 

operating characteristics. VOO '" 1 0 V. T A = 25 DC 

PARAMETER TEST CONDITIONS 
TLC252_C TlC25l2_C 

Bl Unity-gain bandwidth 

SR 
Slew rate at 

unity gain 

Overshoot factor 

Phase margin at 
<Pm 

unity gain 

Vn 
Equivalent input 

noise voltage 

Cross talk 
Va 1 IV 02 attenuation 

2-464 

Av = 40 dB, 

Cl = 100 pF. 

RS = 5011 

See Figure 1 

See Figure 1 

AV = 40 dB, 

RS=1001l, 

Cl = 100 pF 

f = 1 kHz, 

RS = 10011 

AV = 100 

MIN TYP MAX MIN 

2.2 

4.6 

35% 

49° 

25 

120 

TEXAS ..If 
INSTRUMENlS 

TYP 

0.11 

0.05 

30% 

38° 

68 

120 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

MAX 

TlC25M2_C 
UNIT 

MIN TYP MAX 

0.635 MHz 

0.56 V/~s 

35% 

43° 

32 nV.JHz 

120 dB 



TLC252C. TLC25L2C. TLC25M2C 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

operating characteristics, VOO -= 1.4 V, T A 

Bl 

SR 

TEST CONDITIONS 
TLC252 C TLC25L2_C TLC25M2_C 

TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

AV = 40 dB, 

Unity-gain bandwidth CL = 10 pF, 75 12 12 

RS = 5011 

Slew rate at unity gain See Figure 1 0.01 0.001 0.001 

Overshoot factor See Figure 1 30% 35% 35% 

PARAMETER MEASUREMENT INFORMATION 

> ..... - .... - ..... --OUTPUT 

INPUT 

FIGURE 1. UNITY-GAIN AMPLIFIER 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

UNIT 

kHz 

V/~s 

10,000 
Vo - VIC = 0.2 VOO J I 10,000 
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FIGURE 2 
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LinCMOS™ DUAL OPERATIONAL AMPLIFIERS· 
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TYPICAL CHARACTERISTICS 

LOW-BIAS VERSIONS 
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FIGURE 4 

MEDIUM-BIAS VERSIONS 
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TYPICAL CHARACTERISTICS 

HIGH-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 

vs FREQUENCY 

Voo - 10 V 
RL - 10 k!l 

1\ TA - 25°C 

4 r-... 

V ~ Phase Shift (right scale) 
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FIGURE 6 

TYPICAL APPLICATION INFORMATION 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. 
Under certain conditions, this SCR may be triggered into a low-impedance state. resulting in excessive 
supply current. To avoid such conditions, no voltage greater than 0.3 V beyond the supply rails should 
be applied to any pin. In general, the op amp supplies should be established simultaneously with. or before. 
application of any input signals. 

output stage considerations 

The amplifier's output stage consists of a source follower connected pullup transistor and an open drain 
pulldown transistor. The high-level output voltage (VOHI is virtually independent of the IDD selection, and 
increases with higher values of VDD and reduced output loading. The low-level output voltage (Vall 
decreases with reduced output current and higher input common-mode voltage. With no load, VOL is 
essentially equal to the GND pin potential. 

supply configurations 

Even though the TLC252C series is characterized for single-supply operation. it can be used effectively 
in a split supply configuration if the input common-mode voltage (VICRI. output swing (VOL and VOHI. 
and supply voltage limits are not exceeded. 

circuit layout precautions 

The user is cautioned that whenever extremely high circuit impedances are used. care must be exercised 
in layout. construction. board cleanliness. and supply filtering to avoid hum and noise pickup. as well as 
excessive DC leakages. 
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• A Suffix Versions Offer 5-mV VIO 

• B Suffix Versions Offer 2-mV VIO 

• Wide Range of Supply Voltages 
1.4 V to 16 V 

• True Singla-Supply Operation 

• Common-Mode Input Voltage Includes the 
Negative Rail 

• Low Noise ... 30 nV$z Typ at 
f - 1 kHz (High-Bias Versionsl 

description 

The TLC254C, TLC25L4C, and TLC25M4C are 
low-cost, low-power quad operational amplifiers 
designed to operate with single or dual supplies. 
These devices utilize the Texas Instruments 

TLC254C, TLC25L4C, TLC25M4C 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

02753, JUNE 1983-REVISEO OCTOBER 1988 

D, J, OR N PACKAGE 

(TOP VIEW) 

AMP # 1 {?NU~ ~U!} AMP #4 
IN+ IN+ 

VCC+ VCC 

AMP #2 { :~~ :~~ -} AMP #3 
OUT OUT -"" __ ..r" 

symbol leach amplifierl 

NONINVERTING =V-
INPUT IN + ... OUTPUT 

INVERTING _ 

INPUT-

silicon gate LinCMOS" process, giving them stable input offset voltages that are available in selected grades 
of 2, 5, or 10 mV maximum, very high input impedances, and extremely low input offset and bias currents, 
Because the input common-mode range extends to the negative rail and the power consumption is extremely 
low, this series is ideally suited for battery-powered or energy-conserving applications, The series offers 
operation down to a 1.4-V supply, is stable at unity gain, and has excellent noise characteristics, 

The TLC254C series is characterized for operation from oac to 70 aC 

These devices have internal electrostatic discharge (ESO) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 Vas tested under MIL-STO-883C, Method 3015.1, However, care should 
be exercised in handling these devices as exposure to ESO may result in a degradation of the device 
parametric performance, 

Because of the extremely high input impedance and low input bias and offset currents, applications for 
the TLC254C series include many areas that have previously been limited to BIFET and NFET product types, 
Any circuit using high-impedance elements and requiring small offset errors is a good candidate for cost­
effective use of these devices, Many features associated with bipolar technology are available with 
linCMOS" operational amplifiers without the power penalties of traditional bipolar devices, General 
applications such as transducer interfacing, analog calculations, amplifier blocks, active filters, and signal 

AVAILABLE OPTIONS 

Via MAX 
PACKAGE 

TA 
AT 25·C 

SMALL-OUTLINE CERAMIC DIP PLASTIC DIP 

(D) (J) (N) 

10 mV TLC254CD TLC254CJ TLC254CN 

5 mV TLC254ACD TLC254ACJ TLC254ACN 

2 mV TLC254BCD TLC254BCJ TLC254BCN 

O·C 10 mV TLC25L4CD TLC25L4CJ TLC25L4CN 

to 5 mV TLC25L4ACD TLC25L4ACJ TLC25L4ACN 

70·C 2 mV TLC25L4BCD TLC25L4BCJ TLC25L4BCN 

10 mV TLC25M4CD TLC25M4CJ TLC25M4CN 

5 mV TLC25M4ACD TLC25M4ACJ TLC25M4ACN 

2 mV TLC25M4BCD TLC25M4BCJ TLC25M4BCN 

D packages are available taped-and-reeled. Add "R" suffix to device type when 
ordering (e.g., TLC254CDR). 

linCMOS is a trademark of Texas Instruments Incorporated 

Copyright © 1983, Texas Instruments Incorporated 
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TLC254C. TLC25L4C. TLC25M4C 
LinCMOS'" QUAD OPERATIONAL AMPLIFIERS 

description (continued) 

buffering are all easily designed with the TLC254C series devices. Remote and inaccessible equipment 
applications are possible using their low-voltage and low-power capabilities. The TLC254C series is well 
suited to solve the difficult problems associated with single-battery and solar-cell-powered applications. 
This series includes devices that are characterized for the commercial temperature range and are available 
in 14-pin plastic and ceramic dual-in-line (DIP) packages and the small outline (D) package. 

DEVICE FEATURES 

TLC25L4C TLC26M4C TLC254C 
PARAMETER 

(LOW BIAS) (MEDIUM BIAS) (HIGH BIAS) 

Supply current (Typ) 40,.A 600,.A 4000 ~A 
Slew rate (Typ) 0.04V/p.a 0.6 V/~s 4.5 V/~s 
Input offset voltage (Max) 

TLC254C. TLC25L4C. TLC25M4C 10 mV 10 mV 10mV 

TLC254AC, TLC25L4AC, TLC25M4AC 5 mV 5 mV 5 mV 

TLC254BC,TLC25L4BC,TLC25M4BC 2 mV 2mV 2 mV 

Offset voltage drift (Typ) 0.1 ~V/month t 0.1 ~V/month t 0.1 ~V/montht 
Offset voltage temperature coefficient ITyp) 0.7 ~V/DC 2 ~V/oC 5 ~V/oC 

Input bias current ITyp) 1 pA 1 pA 1 pA 

Input offset current (Typ) 1 pA 1 pA 1 pA 

t The long-term drift value applies after the first month_ 

schematic (each amplifier) 

VDD----------------------~-.-------------, 

IN+ 

IN-

OUTPUT 

GND----------------~~----~----~~~--~ 
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TLC254C, TLC25L4C, TLC25M4C 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) ......................................... ± 18 V 
Input voltage range (any input) ........................................ -0.3 V to 18 V 
Duration of short-circuit at (or below) 25°C free-air temperature (see Note 3) .......... unlimited 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16) inch from the 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 

NOTES: 1. All voltage values. except differential voltages. are with respect to network ground terminal. 
2. Differential voltages are at the noninverting input terminal, with respect to the inverting input terminal. 
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure the maximum 

dissipation rating is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA - 2S'C DERATING FACTOR TA - 70'C 

POWER RATING ABOVE TA - 2S'C POWER RATING 

0 725mW 5.8 mW/oC 464mW 

J 1025 mW 8.2 mW/oC 656 mW 

N 1150mW 9.2 mW/oC 736 mW 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. VOO 1.4 16 V 

VOO = 1 V 0 0.2 

VOO - 5 V -0.2 4 
Common-mode input voltage. VIC V 

VOO = 10 V -0.2 9 

VOO=16V -0.2 14 

Operating free-air temperature. T A 0 70 °C 

II 
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electrical characteristics at specified free-air temperature, Vee 10 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC254_C TLC25L4_C TLC25M4_C 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

TLC25_4C 
25°C 10 10 10 

DoC to 70°C 12 12 12 
Input 

Vo = lAV, 25°C 5 5 5 
Vo offset TLC25_4AC 

RS = 50 (J DoC to 70°C 
mV 

6.5 6.5 6.5 
voltage 

25°C 2 2 2 
TLC25_4BC 

DoC to 70°C 3 3 3 

Average temperature 

"VIO coefficient of input 25°C to 70°C 5 0.7 2 ~VioC 

offset voltage 

VIC = 5 V, 25°C 1 1 1 
110 Input offset current 

Vo = 5 V DoC to 70°C 300 300 300 
pA 

VIC = 5 V, 25°C 1 1 1 
liB Input bias current 

Vo = 5 V DoC to 70°C 600 600 600 
pA 

-0.2 -0.2 -0.2 

VICR 
Common-mode input 

25°C to to to V 
voltage range 

9 9 9 

Peak output voltage 25°C 8 8.6 8 8.6 8 8.6 
VOM swing+ 

VID = 100 mV 
DoC to 70°C 7.8 

V 
7.8 7.8 

Large-signal differential Va = 1 to 6 V, 25°C 10 40 50 500 25 280 
AVO 

RS = 50 (J DoC to 70°C 7.5 50 15 
Vim V 

voltage amplification 

CMRR 
Common-mode 

rejection ratio 

Vo - lAV, 

VIC = VICR min 
25°C 65 88 65 88 65 88 d8 

Supply voltage 
VOO = 5 to 10 V, 

kSVR rejection ratio 25°C 65 82 70 88 70 88 dB 

III VCCill ViOl 
Vo = 1.4V 

Vo = 0, 
-55 -55 -55 

Short-circuit VID = 100 mV 
25°C lOS mA 

output current Va = VOO, 
15 15 15 

VID = -100 mV 

No load, 25°C 4000 8000 40 92 600 1200 
100 Supply current Va = 5 V, ~A 

VIC = 5 V DoC to 70°C 8800 132 1600 
- ---

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an output 
load resistor is connected from the output to ground and has the following value: For low bias RL = 1 MO; for medium bias RL = 100 kO; and for high bias RL = 10 kO. 

t The output will swing to the potential of the ground pin. 
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electrical characteristics at specified free-air temperature. Voo = 1.4 V (unless otherwise noted) 

PARAMETER TEST CONOITIONSt 
TLC254 C TLC25L4 C TLC25M4 C 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

TLC25_4C 
25°C 10 10 10 

Input 
OOC to 70°C 12 12 12 

Via offset TLC25_4AC 
Va ~ 0.2 V, 25°C 5 5 5 

mV 

voltage 
RS ~ 50!l OOC to 70°C 6.5 6.5 6.5 

TLC25_4BC 
25°C 2 2 2 

OOC to 70°C 3 3 3 

Average temperature 

"via coefficient of input 25°C to 70°C 1 1 1 ~V/oC 

offset voltage 

110 Input offset current 
25°C 1 1 1 

Va ~ 0.2 V 
OOC to 70°C 300 300 300 

pA 

lIB Input bias current Va ~ 0.2 V 
25°C 1 1 1 

O°C to 70°C 600 600 600 
pA 

Common-mode input 
0 0 0 

VICR voltage range 
25°C to to to V 

0.2 0.2 0.2 

VOM 
Peak output voltage 

VID ~ 100 mV 25°C 450 700 450 700 450 700 mV 
swing~ 

AVO 
Large-signal differential Va ~ 100 to 300 mV, 

voltage amplification RS ~ 50!l 
25°C 10 20 20 V/mV 

CMRR 
Common-mode 

rejection ratio 

Va ~ 0.2 V, 

VIC ~ VICR min 
25°C 60 77 60 77 60 77 dB 

100 Supply current 
No load, 

Va ~ 0.2 V 
25°C 600 750 50 68 400 500 ~ 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Unless otherwise noted, an output 
load resistor is connected from the output to ground and has the following value: For low bias RL = 1 MU; for medium bias RL :::: 100 kG; and for high bias RL = 10 kil. 

t The output will swing to the potential of the ground pin. 

Operational Amplifiers • 
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TLC254C, TLC25L4C, TLC25M4C 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

operating characteristics, VOO = 10 V, TA = 25°C 

TLC254 C TLC25L4 C 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

Ay = 40 dB, 

B1 Unity-gain bandwidth CL = 100 pF, 2.2 0.11 

RS = 5011 

SR 
Slew rate at 

See Figure 1 0.05 4.6 
unity gain 

Overshoot lactor See Figure 1 30% 30% 

Phase margin at 
Ay = 40 dB, 

<Pm RS = 100 II, 49° 38° 
unity gain 

CL = 100 pF 

Yn 
Equivalent input I = 1 kHz, 

25 68 
noise voltage RS = 10011 

Cross talk 
Y01 IV 02 attenuation Ay = 100 120 120 

operating characteristics, VOO '" 1.4 V, T A .. 25°C 

TEST CONDITIONS 
TLC254_C TLC25L4_C 

TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 

Ay = 40 dB, 

B1 Unity-gain bandwidth CL = 10 pF, 75 12 

RS = 5011 
SR Slew rate at unity gain See Figure 1 0.01 0.001 

Overshoot factor See Fiaure 1 30% 35% 

PARAMETER MEASUREMENT INFORMATION 

~~~~--~----OUTPUT 

INPUT 

FIGURE 1. UNITY-GAIN AMPLIFIER 
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TLC25M4 C 
UNIT 

MIN TYP MAX 

0.635 MHz 

0.56 Y/~s 

35% 

43° 

32 nY,jHz 

120 dB 

TLC25M4_C 

MIN TYP MAX 
UNIT 

12 kHz 

0.001 Y/~s 

35% 
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TLC254C, TLC25L4C, TLC25M4C 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vo = VIC = 0.2 VOO J.I 10,000 

Hi9Lias LSiL 

VOO= 10V 

No load 1 
TA = 25°C 

,igh-Bias Versio!!!.. 

V f- f--" 

iumLas lJon!-1 Me 

I V 
( Low-Bias ,,~!!!-

I---~ 
r-... 

« 1000 
T c 
~ 
" (.J 100 
~ a. 
" '1 
c 
E 10 

1 

I---

VIC = 0 V 
VO= 2V 
No load 

Melum-lias versionl -"-

Low-Bias Versions 

o 2 4 6 8 10 12 14 16 18 20 o 10 20 30 40 50 60 70 

VOO-Supply Voltage-V 

FIGURE 2 

T A-free-Air Temperature-°c 

FIGURE 3 
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LOW-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 

vs 
FREQUENCY 
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TLC254C, TLC25L4C, TLC25M4C 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
MEDIUM-BIAS VERSIONS 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

and PHASE SHIFT 
vs 

FREQUENCY 
107 

VOO=10V 
106 

105 

104 

103 

102 

101 

RL=100kn 

~' TA = 25°C 

~ "'c.,'6,1 

" K Phase Shift ~ 
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Frequency-Hz 

FIGURE 5 

HIGH-BIAS VERSIONS 
LARGE-SIGNAL 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
and PHASE SHIFT 
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FIGURE 6 
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latchup avoidance 

TLC254C, TLC25L4C, TLC25M4C 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION INFORMATION 

Junction-isolated CMOS circuits have an inherent parasitic PNPN structure that can function as an SCR. 
Under certain conditions, this SCR may be triggered into a low-impedance state, resulting in excessive 
supply current. To avoid such conditions, no voltage greater than 0.3 V beyond the supply rails should 
be applied to any pin. In general, the op amp supplies should be established simultaneously with, or before, 
application of any input signals. 

output stage considerations 

The amplifier's output stage consists of a source follower connected pullup transistor and an open drain 
pull down transistor. The high-level output voltage (VOH) is virtually independent of the IDD selection, and 
increases with higher values of VOD and reduced output loading. The low-level output voltage (Vall 
decreases with reduced output current and higher input common-mode voltage. With no load, VOL is 
essentially equal to the GND pin potential. 

supply configurations 

Even though the TLC254C series is characterized for single-supply operation, it can be used effectively 
in a split supply configuration if the input common-mode voltage (VICR), output swing (VOL and VOH). 
and supply voltage limits are not exceeded. 

circuit layout precautions 

The user is cautioned that whenever extremely high circuit impedances are used, care must be exercised 
in layout, construction, board cleanliness, and supply filtering to avoid hum and noise pickup, as well as 
excessive DC leakages. 
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nC271, nC271A, nC271B 
LinCMOS™ PROGRAMMABLE LOW-POWER 

OPERATIONAL AMPLIFIERS 

• Input Offset Voltage Drift ... Typically 
0.1 IN/Month, Including the First 30 Days 

• Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55°C to 125°C ... 5 V to 16 V 
-40°C to S5°C ... 4 V to 16 V 

o °C to 70°C ... 3 V to 16 V 

• Single-Supply Operation 

• Common-Mode Input Voltage Range 
Extends Selow the Negative Rail (C-Suffix, 
I-Suffix types) 

• Low Noise ... Typically 25 nV .JHi at 
f - 1 kHz (High-Sias Mode) 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance ... 1012 0 Typical 

• ESD-Protection Circuitry 

• Small-Outline Package Option Also Available 
in Tape and Reel 

• Designed-In Latchup Immunity 

description 

The TLC271 operational amplifier combines a 
wide range of input offset voltage grades with 
low offset voltage drift, and high input 
impedance, In addition, the TLC271 offers a bias 
select mode which allows the user to select the 

03137, NOVEMBER 1987-REVISEO MARCH 1989 

O. JG. OR P PACKAGE 

(TOP VIEW} 

OFFSET Nl DB BIAS SELECT 
IN- 2 7 VOO 
IN+ 3 6 OUT 
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best combination of power dissipation and AC performance for a particular application. These devices use 
Texas Instruments silicon-gate LinCMOS" technology, which provides offset voltage stability far exceeding 
the stability available with conventional metal-gate processes. 

AVAILABLE OPTIONS 

Vlomax 
PACKAGE 

SMALL CHIP CERAMIC PLASTIC 
TA at 

25°C 
OUTLINE CARRIER DIP DIP 

(D} (FK} (JG} (P} 

O°C 2 mV TLC271 BCD - TLC271 BCJG rrLC271BCP 

to 5 mV TLC271ACD - TLC271 ACJG TLC271ACP 

70°C 10 mV TLC271CO - TLC271CJG TLC271CP 
-40°C 2 mV TLC271BIO - TLC271BIJG rrLC271BIP 

to 5 mV TLC271AIO - TLC271AIJG TLC271AIP 

85°C 10mV TLC27110 - TLC2711JG rrLC2711P 

-55°C 

to 10 mV - TLC271MFK TLC271MJG -
125°C 

The 0 package is available in tape and reel. Add R suffix to the device type (e.g .. 
TLC271 BCOR} 

LinCMOS is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA do.umants .ontain information 
currant .s of publication data. Products conform to 
spaoificalio •• par tha larms 01 Ta.a. Instrumants 

DEVICE FEATURES 

TYPICAL at VDD - 5 V, TA - 25°C 
BIAS-SELECT MODE 

UNIT 
HIGH MEDIUM LOW 

Po 3375 525 50 ~W 

SR 3.6 0.4 0.03 V/~ 

Vn 25 32 68 nV/$. 

B1 1.7 0.5 0.09 MHz 

AVO 23 170 4BO VlmV 

Copyright © 1987, Texas Instruments Incorporated 
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TLC211, TLC211A, TLC211B 
LinCMOS'" PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS· 

description (continued) 

Using the bias select option, these cost-effective devices can be "programmed" to span a wide range 
of applications which previously required BiFET, NFET or bipolar technology. Three offset voltage grades 
are available (C-suffix and I-suffix types), ranging from the low-cost TLC271 (10 mV) to the TLC271B 
(2 mV) low-offset version. The extremely high input impedance and low bias currents, in conjunction with 
good common-mode rejection and supply voltage rejection, make these devices a good choice for new 
state-of-the-art designs as well as for upgrading existing designs. 

In general, many features associated with bipolar technology are available in LinCMOS'" operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC271. The devices also exhibit low-voltage single-supply operation, making them ideally suited 
for remote and inaccessible battery-powered applications. The common-mode input voltage range includes 
the negative rail. 

A wide range of packaging options is available, including small-outline and chip carrier versions for high­
density system applications. 

The device inputs and output are deSigned to withstand -100-mA surge currents without sustaining 
latchup. 

The TLC271 incorporates internal ESD-protection circuits that prevent functional failures at voltages up 
to 2000 Vas tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling 
these devices as exposure to ESD may result in degradation of device parametric performance. 

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

bias select feature 

PD 
SR 

Vn 

B1 

4>m 

AVO 

The TLC271 offers a bias select feature that allows the user to select anyone of three bias levels, depending 
on the level of performance desired. The trade-offs between bias levels involve AC performance and power 
dissipation (see Table 1). 

TABLE 1. EFFECT OF BIAS SELECTION ON PERFORMANCE 

TYPICAL PARAMETER VALUES 
MODE 

TA - 25·C. VDD - 5 V 
HIGH-BIAS MEDIUM-BIAS LOW-BIAS UNITS 

RL - 10 kll RL - 100 kll RL - 1 Mil 
Power diSSipation 3.4 0.5 0.05 mW 

Slew rate 3.6 0.4 0.03 VI,.. 
Equivalent input noise voltage at f = 1 kHz 25 32 68 nV/$> 
Unity-gain bandwidth 1.7 0.5 0.09 MHz 

Phase margin 46· 40· 34· 

Large-signal differential voltage amplification 23 170 480 VlmV 

bias selection 

2-480 

Bias selection is achieved by connecting the bias select pin 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 mid-point 
between the supply rails. This proceduce is simple in split-supply applications, since this point is ground. 
In single-supply applications, the medium-bias mode will necessitate using a voltage divider as indicated 
in Figure 1. The use of large-value resistors in the voltage divider will reduce the current drain of the divider 
from the supply line. However, large-value resistors used in conjunction with a large-value capacitor will 
require significant time to charge up to the supply midpoint after the supply is switched on. A voltage 
other than the mid-point may be used if it is within the voltages specified in the following table. 
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bias selection (continued) 

TO THE BIAS 

SELECT PIN 

LOW 

MEDIUM 

HIGH 

VDD 

1 MO 

1 MO r O.OlI'F 

TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATION AMPLIFIERS 

BIAS MODE 
BIAS SELECT VOLTAGE 

(Single Supply) 

LOW VDD 
MEDIUM 1 V to VDD-l V 

HIGH GND 

FIGURE 1. BIAS SELECTION FOR SINGLE-SUPPLY APPLICATIONS 

high-bias mode 

In the high-bias mode, the TLC271 series features 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. 
Unity-gain bandwidth is typically greater than 1 MHz. 

medium-bias mode 

The TLC271 in the medium-bias mode features 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 TLC271 features low offset voltage drift, high input impedance, extremely low 
power consumption, and high differential voltage gain. 
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TLC271, TLC271A, TLC271B 
LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 

equivalent schematic 

P1 

IN - R1l ~-+------+ll .IN+ 
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TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (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) 25°C (see Note 3) . . . . . . . . . . . . . . . . . . .. Unlimited 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature, T A: M-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

I-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 
C-suffix ................................ OOC 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: D and P package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 

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 s 2SoC DERATING FACTOR TA - 70°C TA - BSoC 

POWER RATING ABOVE TA - 2SoC POWER RATING POWER RATING 

D 725 mW 5.8 mW/oC 464mW 377 mW 
FK 1375 mW 11 mW/oC 880mW 715 mW 

JG (C-, I-suffix) 825mW 6.6 mW/oC 528 mW 429 mW 

JG (M-suffix) 1050 mW 8.4 mW/oC 672 mW 546 mW 

P 1000 mW 8.0 mW/oC 640mW 520 mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN 

Supply voltage, VDD 5 16 4 16 3 

I VDD = 5 V 0 3.5 -0.2 3.5 -0.2 
Common-mode input voltage, VIC I 

VDD = 10 V 0 8.5 -0.2 8.5 -0.2 

Operating free-air temperature, T A -55 125 -40 85 0 

TA - 125°C 
POWER RATING 

275 mW 

210mW 

C-SUFFIX 

NOM MAX 

16 

3.5 

8.5 

70 

UNIT 

V 

V 

°C 

• ~ 
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TLC271M 
LinCMOSTM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

HIGH·BIAS MODE 

electrical characteristics at specified free·air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt voo - BV voo - 10 V 
MIN TVP MAX MIN TVP MAX 

Vo = 1.4 V, 
25°C 1.1 10 1.1 10 

VIO Input offset voltage 
VIC = 0 V, 
RS = 5011, 

RL = 10 kll 
Full range 12 12 

Average temperature coefficient 25°C to 
2.1 2.2 "VIO of input offset voltage 125°C 

Input offset current (see Note 41 
Vo = VOO/2, 25°C 0.1 0.1 

110 
VIC = VOO/2 125°C 1.4 15 1.8 15 

Input bias current (see Note 41 
Vo = VOO/2, 25°C 0.6 0.7 

liB 
VIC = VOO/2 125°C 9 35 10 35 

0 -0.3 0 -0.3 

25°C to to to to 
Common-mode input voltage 4 4.2 9 9.2 

VICR range (see Note 51 0 0 
Full range to to 

3.5 8.6 

VIO = 100 mY, 
25°C 3.2 3.8 8 8.5 

VOH High-level output voltage -55°C 3 3.8 7.8 8.5 
RL = 10 kO 

125°C 3 3.8 7.8 8.4 

26°C 0 50 0 50 

VOL Low-level output voltage 
VIO = -100 mY, 

-56°C 0 50 0 50 
IOL = 0 

126°C 0 50 0 50 

25°C 5 23 10 36 

AVO 
Large-signal differential RL = 10 kll, 

-55°C 3.5 35 7 50 
voltage amplification See Note 6 

125°C 3.5 16 7 27 

25°C 66 80 65 85 

CMRR Common-mode rejection ratio VIC = VICRmin -55°C 60 81 60 87 

125°C 60 84 60 86 

25°C 65 95 65 96 

kSVR 
Supply-voltage rejection ratio VOO = 5 V to 10 V, 

-55°C 60 90 60 90 
(b.VOO/b.VIOI Vo = 1.4V 

125°C 60 97 60 97 

II(SELI Input current to bias select pin VI(SELI = 0 25°C -1.4 -1.9 

Vo = VOO/2, 25°C 675 1600 950 2000 

100 Supply current VIC = VOO/2, -55°C 1000 2500 1475 3000 

No load 125°C 475 1100 625 1400 

tFull range is - 55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
6. At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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nC2711. nC271 AI. nC271 BI 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

HIGH-BIAS MODE 

electrical characteristics at specified free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONOITIONS TAt VOO - 5V VOO - 10 V 
UNIT 

MIN TYP MAX MIN TYP MAX 

TLC271 I 
26°C 1.1 10 1.1 10 

Va = 1.4V. Full range 13 13 

Via Input offset voltage TLC271AI 
VIC = 0 V. 25°C 0.9 5 0.9 5 

RS = 500. Full range 7 
mV 

7 

TLC271BI 
RL = 10 kO 25°C 0.34 2 0.39 2 

Full range 3.5 3.5 
Average temperature coefficient 26°C to 

1.8 2 p.V/oC avlO of input offset voltage 85°C 

110 Input offset current (see Note 4) 
Va - VOO/2. 26°C 0.1 0.1 

pA 
VIC = VOO/2 85°C 24 1000 26 1000 

liB Input bias current (see Note 4) 
Va = VOO/2. 25°C 0.6 0.7 

pA 
VIC = VOO/2 85°C 200 2000 220 2000 

-0.2 -0.3 -0.2 -0.3 

25°C to to to to V 

VICR 
Common~mode input voltage 4 4.2 9 9.2 
range (see Note 5) -0.2 -0.2 

Full range to to V 
3.5 8.5 

VIO = 100 mY. 
25°C 3.2 3.8 8 8.5 

VOH High-level output voltage -"40°C 3 3.8 7.8 8.5 V 
RL = 10 kO 

85°C 3 3.8 7.8 8.5 

VIO = -100 mY. 
25°C 0 50 0 50 

VOL " Low-level output voltage -40°C 0 50 0 50 mV 
10L = 0 

85°C 0 50 0 50 

Large-signel differential RL = 10 kO. 
25°C 5 23 10 36 

AVO -40°C 3.5 32 7 46 V/mV 
voltage amplification See Note 6 

85°C 3.5 19 7 31 

25°C 65 80 65 85 
CMRR Common-mode rejection ratio VIC = VICRmin -40°C 60 81 60 87 d8 

85°C 60 86 60 88 

Supply-voltage rejection ratio 
25°C 65 95 65 95 

kSVR 
VOO = 5 V to 10 V. 

-40°C 60 92 60 92 dB 
(.o1VOO/.o1Vlol Va = 1.4V 

85°C 60 96 60 96 

I((SELi Input current to bias select pin V((SELI - 0 26°C -1.4 -1.9 P.A 

Va = VOo/2. 25°C 675 1600 950 2000 

100 Supply current VIC = VOO/2. -40°C 950 2200 1375 2500 p.A 

No load 85°C 525 1200 725 1600 

tFuli range is -40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
6. At VOO = 5 V. Va = 0.25 V to 2 V; at VOO = 10 V. Va = 1 V to 6 V. 
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nC271C, nC271AC, nC271BC 
LinCMOSTN PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

HIGH·BIAS MODE 

electrical chanicteristics at specified free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
VDD - 5 V VDD - 10 V 

MIIIl TYP MAX MIN TYP MAX 

'TLC271C 
25°C 1.1 10 1.1 10 

Va = l.4V; Full range 12 12 

VIO Input offset voltage TLC271AC 
VIC = 0 V. 25°C 0.9 5 0.9 5 

RS = 5011. Full range 6.5 6.5 

TLC271BC 
RL=lOkll 25°C 0.34 2 0.39 2 

Full range 3 3 
Average temperature coefficient 25°C to 

"via of input offset voltage 70°C 
1.8 2 

Va - VOOI2. 25°C 0.1 0.1 
110 Input offset current Isee Note 4) 

VIC = VDOl2 70°C 7 300 7 300 

Input bias current Isee Note 4) 
Va = VOOI2. 25°C 0.6 0.7 

liB 
VIC = VOOl2 70°C 40 600 50 600 

-0.2 -0.3 -0.2 -0.3 

25°C to to to to 

VICR 
Common-mode input voltage 4 4.2 9 9.2 
range Isee Note 5) -0.2 -0.2 

Full range to to 

3.5 8.5 

25°C 3.2 3.8 8 8.5 

VOH High-level output voltage 
VID = 100 mY. 

O°C 3 3.8 7.8 8.5 
RL = 10 kll 

70°C 3 3.8 7.8 8.4 

VID = -100 mY. 
25°C 0 50 0 50 

VOL Low-level output voltage OoC 0 50 0 50 
10L = 0 

70°C 0 50 0 50 

25°C 5 23 10 36 

AVO 
Large-signal differential RL = 10 kll. 

O°C 4 27 7.5 42 
voltage amplification See Note 6 

70°C 20 7.5 32 4 

25°C 65 80 65 85 

CMRR Common-mode rejection ratio VIC = VICRmin O·C 60 84 60 88 

70°C 60 85 60 88 

Supply-voltage rejection ratio VOO = 5 V to 10 V. 
25°C 65 95 65 95 

kSVR OoC 60 94 60 94 
I.:I.VOOI.:l.VIO) Va = 1.4 V 

70°C 60 96 60 96 

IUS ELI Input current to bias select pin VUSELI = 0 25°C -1.4 -1.9 

Va = VOoI2. 25°C 675 1600 950 2000 

100 Supply ,current VIC = VOOI2. O°C 775 1800 1125 2200 

No load 70°C 575 1300 750 1700 

tFull range is -O°C to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA Were determined mathematically. 

5. This range also applies to each input individually. 
6. At VOO = 5 V. Va = 0.25 V to 2 V; at VOO = 10 V. Va = 1 V to 6 V. 
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TLC271M 
LinCMOSlM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

HIGH-BIAS MODE 

operating characteristics. VDD - 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 3.6 

RL = 10 kll, 
VIPP = 1 V -55°C 4.7 

125°C 2.3 
SR Slew rate at unity gain CL = 20 pF, 

25°C 2.9 
V/p.s 

See Figure 98 
VIPP = 2.5 V -55°C 3.7 

125°C 2 

Vn Equivalent input noise voltage 
f = 1 kHz, 

See Figure 99 
RS = 100 Il, 

25°C 25 nV/$. 

Vo = VOH, CL = 20 pF, 
25°C 320 

BOM Maximum output swing bandwidth -55°C 400 kHz 
RL = 1 Mil, See Figure 98 

125°C 230 

25°C 1.7 

Bl Unity-gain bandwidth 
Vi = 10mV, CL = 20 pF, 

-55°C 2.9 MHz 
See Figure 100 

125°C 1.1 

25°C 46° 

<Pm Phase margin 
Vi = 10 mV, f = Bl, 

-55°C 49° 
CL = 20 pF, See Figure 100 

125°C 41° 

operating characteristics. VDD - 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 5.3 

RL = 10 kll, 
VIPP = 1 V -55°C 7.1 

SR Slew rate at unity gain CL = 20 pF, 
125°C 3.1 

V/",s 

See Figure 98 
25°C 4.6 

VIPP = 5.5 V -55°C 6.1 

125°C 2.7 

Vn Equivalent input noise voltage 
f = 1 kHz, RS = 1001l, 

25°C 25 nV/$. 
See Figure 99 

CL = 20 pF, 
25°C 200 

BOM Maximum output swing bandwidth 
Vo = VOH, 

-55°C 280 kHz 
RL = 10 kll, See Figure 98 

125°C 110 

CL = 20 pF, 
25°C 2.2 

Bl Unity-gain bandwidth 
Vi = 10 mV, 

-55°C 3.4 MHz 
See Figure 100 

126°C 1.6 

Vi = 10 mV, 
25°C 49° 

<Pm Phase margin 
f = Bl, 

-55°C 52° 
CL = 20 pF, See Figure 100 

125°C 44° 
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nC2711, nC271 AI, nC271 BI 
LinCMOSlM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

HIGH·BIAS MODE 

operating characteristics, VDD .. 5 V 

PARAMETER TEST CONDITIONS 

RL = 10 kll, 
VIPP = 1 V 

SR Slew rate at unity gain CL = 20 pF, 
See Figure 98 

VIPP = 2.5 V 

Vn Equivalent input noise voltage 
f=lkHz, RS = 10011, 

See Figure 99 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF. 

RL = 10 kll. See Figure 98 

Vi = 10 mY. 
Bl Unity-gain bandwidth 

CL = 20 pF • 
See Figure 100 

.pm Phase margin 
Vi = 10 mY. f = Bl. 
CL = 20 pF. See Figure 100 

3 operating characteristics, VDD 10 V 
"E. 
~ 
C;;" .. en 

SR 

Vn 

80M 

Bl 

.pm 

2-488 

PARAMETER 

Slew rate at unity gain 

Equivalent input noise voltage 

Maximum output swing bandwidth 

Unity-gain bandwidth 

Phase margin 

TEST CONDITIONS 

RL = 10 kll. 
VIPP = 1 V 

CL = 20 pF. 

See Figure 98 
VIPP = 5.5 V 

f = 1 kHz. RS = 100 II, 
See Figure 99 

Vo = VOH, CL = 20 pF, 

RL = 10 kll, See Figure 98 

Vi = 10 mY. CL = 20 pF, 
See Figure 100 

Vi = 10 mY, f = Bl, 

CL = 20 pF, See Figure 100 
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TA MIN TYP MAX UNIT 

25°C 3.6 

-40°C 4.5 

85°C 2.8 

25°C 2.9 
V/~s 

-40°C 3.5 

85°C 2.3 

25°C 25 nV/$. 

25°C 320 

-40°C 380 kHz 

85°C 250 

25°C 1.7 

-40°C 2.6 MHz 

85°C 1.2 

25°C 46° 
-40°C 49° 

85°C 43° 

TA MIN TYP MAX UNIT 

25°C 5.3 

-40°C 6.8 

85°C 4 

25°C 
V/~s 

4.6 

-40°C 5.8 

85°C 3.5 

25°C 25 nV/$. 

25°C 200 

-40°C 260 kHz 

85°C 130 

25°C 2.2 

-40°C 3.1 MHz 

85°C 1.7 

25°C 49° 

-40°C 52° 

85°C 46° 



TLC271C, TLC271AC, TLC271BC 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

HIGH·BIAS MODE 

operating characteristics, VDD .. 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 3.6 

VIPP ~ 1 V OOC 4 
RL ~ 10 kO, 

70°C 3 
SR Slew rate at unity gain CL ~ 20 pF, VIpS 

25°C 2.9 
See Figure 98 

VIPP ~ 2.5 V O°C 3.1 

70 0 C 2.5 

f - 1 kHz, RS ~ 100 0, 
nV/.JHz Vn Equivalent input noise voltage 

See Figure 99 
25°C 25 

25°C 320 

BOM Maximum output swing bandwidth 
Vo ~ VOH, CL ~ 20 pF, 

O°C 340 kHz 
RL ~ 10 kO, See Figure 98 

70 0 C 260 

25°C 1.7 

Bl Unity·gain bandwidth 
Vi ~ 10 mV, CL ~ 20 pF, 

OOC 2 MHz 
See Figure 100 

70 0 C 1.3 

25°C 46 0 

<l>m Phase margin 
Vi ~ 10 mV, f ~ 81, 

O°C 47 0 

CL ~ 20 pF, See Figure 100 
70 0 C 44 0 

operating characteristics, VDD .. 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 5.3 

VIPP ~ 1 V oDe 5.9 
RL ~ 10 kO, 

70 0 C 4.3 
SR Slew. rate at unity gain CL ~ 20 pF, 

25°C 4.6 
V/~s 

See Figure 99 
V,pp ~ 5.5 V OOC 5.1 

70 0 C 3.8 

Vn Equivalent input noise voltage 
f ~ 1 kHz, 

See Figure 99 

RS ~ 100 0, 
25°C 25 nV/.JHz 

25°C 200 

BOM Maximum output swing bandwidth 
Vo ~ VOH, CL ~ 20 pF, 

OOC 220 kHz 
RL ~ 10 kO, See Figure 98 

70°C 140 

25°C 2.2 

Bl Unity-gain bandwidth 
Vi ~ 10 mV, CL ~ 20 pF, 

O°C 2.5 MHz 
See Figure 100 

70 0 C 1.8 

25°C 49 0 

<l>m Phase margin 
Vi ~ 10mV, f ~ Bl, 

OOC 50 0 

CL ~ 20 pF, See Figure 100 
70 0 C 46 0 
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TLC271, TLC271A,.TLC271B 
LinCMOSTM PROGRAMMABLE LOW'POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) t 

;JI. 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

753 Ampllflers 

50 VOO=5V 
TA =25"C 
P Package 

, 40 I-+-+-+--+­
::! 
:5 
'O301-+-+-+--+­

f~I--+---+-+---1-
10 1--+--+---1-

~"5--""4---
VIO -Input 0Ifsat Voltsga - mV 

FIGURE 2 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

324 Ampllflars tested 

4 5 

VOO=5V I 
50 T A = 25"C to 125°C -1--+--+-+--+--1 

;JI. 

'40 
~ 

P Package 

Outliers: 
20.5 

'0301--+---1I--+­

f~I--+---1I---t-
10 I--+-----,I---t-

0 ............ -
-10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 

OtVIO -Temperatura Coefficient -IJ.V/oC 

FIGURE 4 

50 

;JI. 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

, 40 I--t--f-+--+-
f 
:;) 

'O301--+---+-+---1-

f ~ I--+---+---+-= 

10 1--+--+---1-

VIO -Input Offset Voltage - mV 

FIGURE 3 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

. TEMPERATURE COEFFICIENT 

4 5 

8 10 
OtVIO -Tempereture Coefficient -IJ.VI"C 

FIGURE 5 

toata at high and low temperatures are applicable only within the rated operating free·air temperature ranges of various devices. 
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TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW-POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) t 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
5r----r----r----r----r---~ 

VIO =l00mV 

TA = 25'C 

O~--~----~----~--~----~ 

16 

14 

12 

10 

8 

6 

4 

2 

o 

o -2 -4 -6 -8 
10H - High-Level Output Current - mA 

FIGURE 6 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VIO = 100mV 

-10 

,RL =101ill 

/ 

o 

TA =25'C 

V 
V 

/ 

/ 
/ 

/ 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271, TLC271 A,' n.C271 B 
LinCMOS™ PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPliFIERS 

TYPICAL CHARACTERISTICS (HIGH·BIAS MODE) t 
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FIGURE 13 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. ' 
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TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW-POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (HIGH-BIAS MODElt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271, TLC271A,TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (HIGH·BIAS MODElt 
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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 various devices. 

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically •. 
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TLC271, TLC271A, TLC271B 
LinCMOSlM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (HIGH·BIAS MODE)t 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271. TLC271A. TLC271B 
LinCMOS1l\l PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE)t 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271, TLC271 A, TLC271 B 
LinCMOS™ PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (HIGH-BIAS MODE) t 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271M 
LiliCMOSIM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

MEDIUM·BIAS MODE 

electrical characteristics at specified free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONOITIONS TAt VOO - SV VOO - 10 V 
MIN TYP MAX MIN TYP MAX 

Vo = l.4V. 
2SoC 1.1 10 1.1 10 

VIO Input offset voltage 
VIC = 0 V. 
RS = SO Il. 

Full range 12 12 
RL = 100 kll 

Average temperature coefficient 2S °C to 
1.7 aVIO of input offset voltage 125°C 

2.1 

110 Input offset current Isee Note 4) 
Vo = VOO/2. 25°C 0.1 0.1 

VIC = VOO/2 125°C 1.4 15 1.8 15 

Vo = VOO/2. 25°C 0.6 0.7 
118 Input bias current Isee Note 4) 

VIC = VOO/2 125°C 9 35 10 35 

0 -0.3 0 -0.3 

25°C to to to to 

Common-mode input voltage 4 4.2 9 9.2 
VICR renge Isee Note 5) 0 0 

Full range to to 

3.5 8.5 

VIO = 100 mY. 
25°C 3.2 3.9 8 8.7 

VOH High-level output voltage -55°C 3 3.9 7.8 8.6 
RL = 100 kll 

125°C 3 4 7.8 8.8 

25°C 0 50 0 50 

VOL Low-level output voltage 
VIO = -100 mY. 

-55°C 0 50 0 50 
IOL = 0 

125°C 0 50 0 50 

25°C 25 170 25 275 

AVO 
Large-signal differential RL = 100 kll. 

-55°C 15 290 15 420 
voltage amplification See Note 6 

125°C 15 120 15 190 

25°C 65 91 65 94 

CMRR Common-mode rejection ratio VIC = VICRmin -55°C 60 89 60 93 

125°C 60 91 60 93 

25°C 70 93 70 93 

kSVR 
Supply-voltage rejection ratio VOO=5Vtol0V. 

-55°C 60 91 60 91 
IAVOO/AVIO) Vo = 1.4 V 

125°C 60 94 60 94 

I((SEL) Input current to bias select pin V((SEL) = VOO/2 25°C -130 -160 

Vo = VOO/2. 25°C 105 280 143 300 

100 Supply current VIC'" VOO/2. -55°C 170 440 245 500 

No load 125°C 70 180 90 240 

tFull range is -55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
6. At VOO = 5 V. Vo = 0.25 V to 2 V; at VOO = 10 V. Vo = 1 V to 6 V. 
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TLC2711. TLC271 AI. TLC271 BI 
LinCMOS11Il PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

MEDIUM·BIAS MODE 

electrical characteristics at specified free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONOITIONS TAt VOO - 5 V VOO - 10V 
MIN TYP MAX MIN TYP MAX 

TLC2711 
25°C 1.1 10 1.1 10 

Va = lAV. Full range 13 13 

VIC = 0 V. 25°C 0.9 5 0.9 5 
Via Input offset voltage TLC271AI 

RS = 500. Full range 7 7 

RL = 100 kO 25°C 0.25 2 0.26 2 
TLC271BI 

3.5 Full range 3.5 

Average temperature coefficient 25°C to 
aVIO 1.7 2.1 

of input offset voltage 85°C 
Va = VOO/2. 25°C 0.1 0.1 

110 Input offset current Isee Note 4) 
VIC = VOO/2 85°C 24 1000 26 1000 

VO= VOO/2. 25°C 0.6 0.7 
liB Input bias current Isee Note 4) 

VIC = VOO/2 85°C 200 2000 220 2000 

-0.2 -0.3 -0.2 -0.3 

25°C to to to to 

Common-mode input voltage 4 4.2 9 9.2 
VICR range Isee Note 5) -0.2 -0.2 

Full range to to 

3.5 8.5 

25°C 3.2 3.9 8 8.7 

VOH High-level output voltage 
VID = 100 mY. 

-40°C 3 3.9 7.8 8.7 
RL = 100 kO 

85°C 3 4 7.8 8.7 

25°C 0 50 0 50 

VOL Low-level output voltage 
VIO = -100 mY. 

-40°C 0 50 0 50 
10L = 0 

85°C 0 50 0 50 

25°C 25 170 25 275 

AVO 
Large-signal differential RL = 100 kO. 

-40°C 15 270 15 390 
voltage amplification See Note 6 

85°C 15 130 15 220 

25°C 65 91 65 94 

CMRR Common-mode rejection ratio VIC = VICRmin -40°C 60 90 60 93 

85°C 60 90 60 94 

VOO = 5 V to 10 V. 
25°C 70 93 70 93 

kSVR 
Supply-voltage rejection ratio 

-40°C 60 91 60 91 
laVoo/aVIO) Va = lAV 

85°C 60 94 60 94 

IIiSELl Input current to bias select pin VIiSELl - VOO/2 25°C -130 -160 

Va = VOo/2. 25°C 105 280 143 300 

100 Supply current VIC = VOO/2. -40°C 158 400 225 450 

No load 85°C 80 200 103 260 

tFull range is -40°C to 85°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually . 
. 6. At VOO = 5 V. Va = 0.25 V to 2 V; at VOO = 10 V. Va = 1 V to 6 V. 
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TLC271C, TLC271 AC, TLC271 BC 
LinCMOSlM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

MEDIUM-BIAS MODE 

electrical characteristics at specified free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt VDD - 5V VDD - 10 V 
MIN TVP MAX MIN TVP MAX 

TLC271C 
25·C 1.1 10 1.1 10 

Vo = 1.4 V, Full range 12 12 

VIO Input offset voltage TLC271AC 
VIC = 0 V, 25·C 0.9 5 0.9 5 

RS = 500, Full range 6.5 6.5 

TLC271BC 
RL = 100 kO 25·C 0.25 2 0.26 2 

Full range 3 3 
Average temperature coefficient 25·C to 

1.7 2.1 aVIO 
of input offset voltage 70·C 

110 Input offset current (see Note 4) 
Vo = VOO/2, 25·C 0.1 0.1 

VIC = VDO/2 70·C 7 300 7 300 

liB Input bias current (see Note 4) 
Vo = VOO/2, 25·C 0.6 0.7 

VIC = VDO/2 70·C 40 600 50 600 
-0.2 -0.3 -0.2 -0.3 

25·C to to to to 

VICR 
Common-mode input voltage 4 4.2 9 9.2. 
range (see Note 5) -0.2 -0.2 

Full range to to 
3.5 8.5 

VIO = 100 mV, 
25·C 3.2 3.9 8 8.7 

VOH High-level output voltage O·C 3 3.9 7.8 8.7 
RL = 100 kO 

70·C 3 4 7.8 8.7 

VIO = -loomV, 
25·C 0 50 0 50 

VOL Low-level output voltage O·C 0 50 0 50 
IOL = 0 

70·C 0 50 0 50 

Large-signal differential RL = 100 kO, 
25·C 25 170 25 275 

AVO O·C 15 200 15 320 
voltage amplification See Note 6 

70·C 15 140 15 230 
25·C 65 91 65 94 

CMRR Common-mode rejection ratio VIC = VICRmin O·C 60 91 60 94 
70·C 60 92 BO 94 

Supply-voltage rejection ratio VOO = 5 V to 10 V, 
25·C 70 93 70 93 

kSVR O·C BO 92 60 92 
(,I.VOO/<l.VIO) VO=I.4V 

70·C 60 94 60 94 

IUSELI Input currant to bias select pin VUSELI = VOO/2 25·C -130 -160 

Vo = VOO/2, 25·C 105 280 143 300 

100 Supply current VIC = VOO/2, O·C 126 320 173 400 
No load 70·C 85 220 110 280 

tFull range Is O·C to 70·C. 
NOTES: 4. The typical values of input bias curnint and input offset current below 6 pA were determined mathematically. 

6. This ranga also applies to each Input Individually. 
B. At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC271M 
LinCMOSm PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

MEDIUM·BIAS MODE 

operating characteristics. VDD - 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.43 

RL = 100 kO, 
V,PP = 1 V -55°C 0.54 

125°C 0.29 
SR Slew rate at unity gain CL = 20 pF, V/~s 

See Figure 98 
25°C 0.40 

V,PP = 2.5 V -55°C 0.50 

125°C 0.28 

Vn Equivalent input noise voltage 
f=lkHz, RS = 1000, 

25°C 32 nV/$. 
See Figure 99 

Vo = VOH, CL = 20 pF, 
25°C 55 

BaM Maximum output swing bandwidth -55°C 80 kHz 
RL = 100 kO, See Figure 98 

125°C 40 

Vi = 10mV, CL = 20 pF, 
25°C 525 

Bl Unity-gain bandwidth -55°C 850 kHz 
See Figure 1 00 

125°C 330 

Vi = 10mV, f = Bl, 
25°C 40° 

<l>m Phase margin -55°C 43° 
CL = 20 pF, See Figure 100 

125°C 36° 

operating characteristics. VDD - 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 
25°C 0.62 

RL = 100 kO, 
V,PP = 1 V -55°C 0.81 

SR Slew rate at unity gain CL = 20 pF, 
125°C 0.38 

V/~ 
25°C 0.56 

See Figure 98 
V,PP = 5.5 V -55°C 0.73 

125°C 0.35 

Vn Equivalent Input noise voltage 
f-lkHz, RS - 100 0, 

25°C 32 nV/$. 
See Figure 99 

Vo = VOH, CL = 20 pF, 
25°C 35 

BOM Maximum output swing bandwidth -55°C 50 kHz 
RL = 100 kO, See Figure 98 

125°C 20 

CL = 20 pF, 
25°C 635 

B1 Unity-gain bandwidth 
V, = 10 mV, 

-55°C 960 kHz 
See Figure 1 00 

125°C 440 

Vi = 10 mV, f = Bl, 
25°C 43° 

<l>m Phase margin -55°C 47" 
CL = 20 pF, See Figure 100 

126°C 39° 
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TLC2711, TLC271 AI, TLC271 BI 
LinCMOS.... PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

MEDIUM·BIAS MODE 

operating characteristics, VDD - 5 V 

PARAMETER TEST CONDITIONS 

RL = 100 kll. 
VIPP = 1 V 

SR Slew rate at unity gain CL = 20 pF. 

See Figure 98 
VIPP = 2.5 V 

Vn Equivalent input noise voltage 
f = 1 kHz. RS - 100 Il. 

See Figure 99 

80M Maximum output swing' bandwidth 
Va = VOH. CL = 20 pF. 

RL = 100 kll. See Figure 98 

B1 Unity-gain bandwidth 
Vi = 10 mY. CL = 20 pF. 

See Figure 1 00 

Vi = 10 mY. f = B1. 
q,m Phase margin 

CL = 20 pF. See Figure 100 

3 operating characteristics, VDD '"' 10 V 

'2. 
=h 
(D' 

UI 
SR 

Vn 

BaM 

B1 

q,m 

2-502 

PARAMETER 

Slew rate at unity gain 

Equivalent input noise voltage 

Maximum output swing bandwidth 

UnitY'gain bandwidth 

Phase margin 

TEST CONDITIONS 

RL = 100 kll. 
VIPP = 1 V 

CL = 20 pF. 
See Figure 98 

VIPP = 5.5 V 

f = 1 kHz. RS=1001l. 
See Figure 99 

Vo = VOH. CL = 20 pF. 

RL = 100 kll. See' Figure 98 

Vi = 10 mY. CL = 20 pF. 

See Figure 1 00 

Vi = 10 mY. f = B1. 
CL = 20 pF. See Figure 100 

" TEXAS. 
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TA MIN TYP MAX UNIT 

25·C 0.43 

-40·C 0.51 

85·C 0.35 
25·C 0.40 

V/~s 

-40·C 0.48 

85·C 0.32 

25·C 32 nV/$. 

25·C 55 
-40·C 75, kHz 

85·C 45 
25·C 525 

-40·C 770 kHz 

85·C 370 

25·C 40· 
-40·C 43· 

85·C 38· 

TA MIN TYP MAX UNIT 

25·C 0.62 
-40·C 0.77 

85·C 0.47 

25·C 0.56 
V/~s 

-40·C 0.70 

85·C 0.44 

25·C 32 nV/$. 

25·C 35 

-40·C 45 kHz 

85·C 25 

25·C 635 
-40·C 880 kHz 

85·C 480 

25·C 43· 

-40·C 46· 

85·C 41· 



TLC211C, TLC211AC, TLC211BC 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

MEDIUM-BIAS MODE 

operating characteristics. VDD ... 5 V 

PARAMETER TEST CONDITIONS TA MIN TVP MAX UNIT 

25°C 0.43 

VIPP = 1 V OOC 0.46 
RL = 100 kll. 

70°C 0.36 
SR Slew rate at unity gain CL = 20 pF. VIp.S 

25°C 0.40 
See Figure 98 

VIPP = 2.5 V OOC 0.43 

70·C 0.34 

Vn Equivalent input noise voltage 
f = 1 kHz. RS = 100 II. 

25·C 32 nVI$. 
See Figure 99 

Va = VOH. CL = 20 pF. 
25·C 55 

BaM Maximum output swing bandwidth O·C 60 kHz 
RL = 100 kll. See Figure 98 

70·C 50 

Vi = 10 mY. CL = 20 pF. 
25·C 525 

Bl Unity-gain bandwidth O·C 600 kHz 
See Figure 100 

70·C 400 

25·C 40· 

<Pm Phase margin 
Vi = 10mV. f = Bl. 

O·C 4,. 
CL = 20 pF. See Figure 100 

70°C 39° 

operating characteristics. VDD .. 10 V 

PARAMETER TEST CONDITIONS TA MIN TVP MAX UNIT 

25·C 0.62 

VIPP = 1 V O·C 0.67 
RL = 100 kll. 

70·C 0.51 
SR Slew rate at unity gain CL = 20 pF. 

25·C 
Vlp.s 

See Figure 98 
0.56 

VIPP = 5.5 V O·C 0.61 

70°C 0.46 

Vn Equivalent input noise voltage 
f=lkHz. 

See Figure 99 
RS = 100 II. 

25·C 32 nVI$. 

CL = 20 pF. 
25·C 35 

BaM Maximum output swing bandwidth 
Va = VOH. 

O·C 40 kHz 
RL = 100 kll. See Figure 98 

70·C 30 

25·C 635 

Bl Unity-gain bandwidth 
Vi = 10 mY. CL = 20 pF. 

O·C 710 kHz 
See Figure 1 00 

70·C 510 

25·C 43· 

<Pm Phase margin 
Vi = 10 mY. f = Bl. 

O·C 44· 
CL = 20 pF. See Figure 100 

70·C 42· 
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TLC271, TLC271 Ai TLC271 B 
LinCMOSTM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (MEDIUM·BIAS MODE) t 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

612 Amplifiers 

VOO=5V 
50 TA =25'C 

11- P Package 

50 

11-

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

1 401--+-1--+-1-::::±=-1--+-;f---+---1 
f 

1 4Ol--+--+--+--+--+--+--+--1--+---1 

j 

'0 
II 3D 1--+-1--+-1-

I 2D 1--+-1--+-1-

10 I--+-I---+-

01o.lli __ 111 

-5 -4 -3 -2 -1 0 2 3 

VIO - Input Offset Voltage - mV 

FIGURE 34 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

224 Amplifiers tasted 

4 5 

~ 
5 
'0 3D l--+--+--+--t-

f~l--+--+--+--t-
lOI--+---1'-----+_ 

-4 -3 -2 -1 0 2 3 
VIO -IIJPut Offset Voltage - mV 

FIGURE 35 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

224 Amplifiers tested 

VOO=10V I 

4 5 

VOO=5V I 
50 T A = 25'C to 125'C 50 T A = 25'C to 125'C -+--+-+--+-+---1 

11-
1 40 

~ 

P Package 
Outliers: 
(1) 33.0 I!V/'C 

'0 301--+-1--+-1-

f ~~-+-~-+~~ 
0 .............. --

P Package 
11- Outliers: 
~ 40 34.6 

5 
'0 3D l--+--+--+-I-

i2D~-+-1-+-' 
If 

10~-+-1-+-

oL.... __ """"=I1IiIlIIIiIIIIIi 
-10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 -10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 

"VIO - Temperature Coefficient -I!vrc "VIO - Temperature Coefficient -I!V/'C 

FIGURE 36 FIGURE 37 

t Data at high and low temperatures are applicable only within the rated operating freeMair temperature ranges of various devices. 
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TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (MEDIUM·BIAS MODEl t 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
5~""' ..... ~""'~""''''''~''''''''''~'''''~ 

VIO =100mV 

TA = 25°C 

O~ ..... ~----~----~--~-----J 

16 

14 

12 

10 

8 

6 

4 

2 

o 

o -2 -4 -6 -8 
IOH - High·Level Output Currenl- mA 

FIGURE 38 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VIO = 100mV 

-10 

- RL = l00kO 

/ TA = 25°C 

o 2 

V 
V 

/ 
/ 

/ 
V 

/ 
V 

4 6 8 10 12 14 

VOO -Supply Vollage - V 

FIGURE 40 
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~ 
S-
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1:. 
.!!' 
:z: 
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:z: 
0 

> 

16 

14 

12 

10 

8 

6 

4 

2 

o 
o 

VOO - 1.6 

> VOO-l.7 

I 

3. VOO-1.8 

~ 
~ VOO-l.9 
§. 
c3 VOO - 2.0 
1i 

~ VOO-2.1 
.c 

'" :f 
I VOO- 2.2 

6 > VOO - 2.3 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VIO = l00mV 

r-- VOO=16V 
TA = 25°C 

.............. ...... 
r---.. :---....... 

r---- VOO = 10 V 
......;;.., 

-.......... 
i' 

-10 -20 -30 

IOH - High·Level Output Current - mA 

FIGURE 39 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

IOH=-5mA 

.......... I VIO = l00mV 

.......... VOO=5V 

~ 
!'-.. 

.............. 
............. 'r-... 

-40 

VOO =10V ............. 

"" " ~ 
.......... 

"'-

'" 
VOO - 2.~ 75 _ 50 _ 25 o 25 50 75 100 125 

T A - Free·Air Temperature - °C 

FIGURE 41 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271. TLC271A. TLC271B 
LinCMOSTM PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODEl t 

700 

\ 

LOW-LEVEL OUTPUT VOLTAGE 
VB 

COMMON-MODE INPUT VOLTAGE 

VDD =5V 

10L =5mA-

500 

LOW-LEVEL OUTPUT VOLTAGE 
VB 

COMMON-MODE INPUT VOLTAGE 

I I I 
vDD =10V 

10L =5mA \ TA =25°C ~ 450 
I 

\ 
TA =25°C -

800 

~ 
700 

I 600 

i 
~ 500 
'5 

~ 400 

§ 300 

• .9200 
I ... 

>°100 

-~ 
\ VID =-1oomV 

\ 

'" .;."'" r--.. 
VID =-1 V r': ~ 

k--

\ 
"-

r--.: :::::::: --2 3 
VIC - Common-Mode Input Voltage - V 

FIGURE 42 

LOW-LEVEL OUTPUT VOLTAGE 
VB 

DIFFERENTIAL INPUT VOLTAGE 

I I I 

10L =5mA 
VIC = IVID 121 
TA =25°C 

I I 
I'\..VDD =5V 

~ r---
VDD =10V -r-. 

4 

I 
> 400 

J 
1350 

I 300 
6 

> 

250 
o 

900 

\ 
\ 1,\ 

f--- VID = -100 mV 
/VID =-1 V 

~ 
KV'D=-2.5V 

I" ~ ~~ 
2 4 6 8 

VIC - Common-Mode Input Voltage - V 

FIGURE 43 

LOW-LEVEL OUTPUT VOLTAGE 
VB 

FREE-AIR TEMPERATURE 

10L =5mA 
r- VID =-1 V / 

BOO 

~ 
I 700 
& 
~ 600 

1500 

°400 

} 300 

1200 
6 

> 100 

o 

f- VIC =0.5V 

~ 
,...... 

.--
~~ 

VDD=SV / 
/1/' /' 

/ V I-"'" 

~ 
,.,., 

VDD =10V 

10 

o 
o -2 -4 -6 -8 -10 -75 -50 -25 0 25 50 75 100 125 

VID - Differential Input Voltage - V 

FIGURE 44 

T A - FrM-Alr Temperature - °C 

FIGURE 45 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271, TLC271A. TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODEl t 

1.0 

0.9 

=;- 0.8 

& 
! 0.7 

~ i 0.6 

° 0.5 
'ii t 0.4 ... ! 0.3 

I ... 0.2 
o 

> 0.1 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

I I 
r- VIO =-1 V 

VIC =0.5V 

r---- T A = 25°C 
VOO=5y 

VOO=4~ / 
VOO=3~ ~ 
~ ~ 
~ 

~ 
~ 

./ o 
o 2 3 4 5 678 

500 

~ 450 
:> 
I 400 

13so 
;e 
'ii3oo 
E 
!2SO 

f 200 

~ 150 
~ 
! 100 
is 
I 50 
~ 

IOL - Low-Level Output Current - mA 

FIGURE 46 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 

I I 
TA =-55:£ 

RL =1ookQ 

I ",...--r- -40~ 
r--

/. V O°C -~ /V ./ 
...-- ~ 

// L L 
",-

k--
~O°C 

II / V ~ ::::-~85°C 
I 'l': ~ :::;.-

125°C 

% ~ 
'/ 

cC 0 
o 2 4 6 8 10 12 14 16 

V DO - Supply Voltage - V 

FIGURE 48 

3.0 

> 2.5 
I 

t 
'0 2.0 
> 

Oi 1.5 

11.0 
I ... 

>00.5 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

I 
VIO =-1 V 

VIC = 0.5 V 
TA = 25°C 

VOO = 167 
VOO =10;! / 
/ V 

~ V 
V o 
o 

V 

SOO 

> 
~ 450 

~ 400 
.g 
IP50 
:e 
'ii3oo 
.i 
;250 

~ 200 

11SO 

~ 100 
c 
ISO 
~ 

cC 0 

5 10 15 20 25 30 
IOL - Low-Leval Output Current - mA 

FIGURE 47 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

RL =100kQ_ 

""-
""-.. ,VOO =10V 

r--.. I"-.. 
"' ........... ........... 

I'-
VOO=5V ............. r--. -r--r--

-75 -SO -25 0 25 50 75 100 125 

T A - Fr_Alr Temperature - °C 

FIGURE 49 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271, TLC271 A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (MEDIUM·BIAS MODE) t 

10000 

INPUT BIAS CURRENT AND INPUT 
OFFSET CURRENT 

vs 
FREE-AIR TEMPERATURE 

F-VOO = 10V 
f:: VIC=5V 

0.1 
25 

See Note 4 

, 
, 

, , 

liB 

./ ./ 

110 

,/ V 

, 
, 

45 65 85 105 
T A - Free-Air Temperature - °C 

FIGURE 50 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

VO=VOO/2 
350 No load -+---+--+--

125 

50r-~~-+--r-+--r--+--+-~ 

V DO -Supply Voltage - V 

FIGURE 52 
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COMMON-MODE INPUT VOLTAGE 
POSITIVE LIMIT 

TA = 25-0 

/ 

vs 
SUPPLY VOLTAGE 

/ 
/V 

/ 
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V 

/ 
,/ 

V 

/ 

o 2 4 6 8 10 12 14 18 

250 , 
225 

200 

175 
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125 
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25 

VOO - Supply Voltage - V 

FIGURE 51 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

VO=Voo/2 

'\ No load '-

'\. 
r--.... ~ 

"'" 
......... VOO = 10V 

~ I"--.... I'--. 
VOO=5V 

...... r-- --r- -
~75 -SO -25 0 25 SO 75 100 125 

T A - Free-Air Temperature - °C 

FIGURE 53 

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

NOTE. 4: The typical values of input bias current and input offset currant and input offset current below 5 pA were determined methemetically. 
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TLC271, TLC271A, TLC271B 
LinCMOS™ PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (MEDIUM·BIAS MODE)t 

AV=1 
VIPP = 1 V 

SLEW RATE 
VB 

SUPPLY VOLTAGE 

RL = 100 k.Cl / CL =2OpF 
TA =25'C / 
See Figure 98 V 

/ 
V 

// 
I 

2 4 6 8 10 12 14 16 

V DO - Supply Voltage - V 

FIGURE 54 

BIAS SELECT CURRENT 
VB 

SUPPLY VOLTAGE 

TA =25'C 
-

VI(SEL) = 112 VOO 

--~ ,.., V 
..... 

2 4 6 8 10 12 14 16 

V DO - Supply Vollege - V 

FIGURE 56 

SLEW RATE 
VB 

FREE·AIR TEMPERATURE 
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FIGURE 55 

HIGH·LEVEL OUTPUT VOLTAGE 

VB 
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II ;1111 1111 
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FIGURE 57 
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toats at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 

TEXAS .." 
INSTRUMENTS 2·509 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TLC271, TLC271A, TLC271B 
LinCMOS'" PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (MEDIUM·BIAS MODE) t 
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UNITY·GAIN BANDWIDTH 
vs 

FREE·AIR TEMPERATURE 
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FIGURE 58 

LARGE·SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 

VOO=5V 
RL = 100 klJ-
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FIGURE 60 

V DO - Supply Voltage - V 

FIGURE 59 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs • 
FREQUENCY 

Voo = 10V 
RL =1ookQ-
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f - Frequency - Hz 

FIGURE 61 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271, TLC271A, TLC271B 
LinCMOS™ PROGRAMMABLE LOW-POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (MEDIUM-BIAS MODElt 

PHASE MARGIN 
vs 

SUPPLY VOLTAGE 

1..1 
VI =10mV 

CL =20pF 

TA =25°C 
-

See Figure 100 

./ 
V 

./ 
V 

./ 
/ 

V 

2 4 6 8 10 12 14 16 

V 00 - Supply Voltage - V 

FIGURE 62 

PHASE MARGIN 
vs 

CAPACITIVE LOAD 

VOO=5V -

...... " VI = 10 mV 
TA =25·C _ 

"" See Figure 1 00 , 
i'-

"-
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:" 

" 20 40 60 80 100 

CL - Cepecltlve Load - pF . 

FIGURE 64 
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PHASE MARGIN 
vs 

FREE-AIR TEMPERATURE 

I I 
VOO=5V 

""-
VI = 10mV 
CL =20 pF 

-

"" See Figure 100 

" "" ~ 
" ....... 

"" " "" 
-75 -50 -25 0 25 50 75 100 125 

T A - FI'H-Alr Temperature - °C 

FIGURE 63 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

\ 
VOO=5V 
RS = 100 Q 

o 
1 

\ 
i\ 

\ 

TA =25°C 
See Figure 99 

....... ' .... -t-

10 100 

t - Frequency - Hz 

FIGURE 65 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271M 
LiliCMOSTM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

LOW-BIAS MODE 

electrical characteristics at specified free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
VDD - 5 V VDD - 10 V 

MIN TYP MAX MIN TYP MAX 
c 

Va = 1.4 V, 

VIC = 0 V, 
25°C 1.1 10 1.1 10 

Via Input offset voltage 
RS = 500, 

Full range 12 12 
RL = 1 MD 

Average temperature coefficient 25°Cto 
1.4 1.4 aVIO of input offset voltage 125°C 

Va = VOO/2, 25°C 0.1 0.1 
110 Input offset current Isee Note 4) 

VIC = VOO/2 125°C 1.4 15 1.8 15 

Va = VOo/2, 25°C 0.6 0.7 
liB Input bias current (see Note 4) 

VIC = VOO/2 125°C 9 35 10 35 

0 -0.3 0 -0.3 

25°C to to to to 

Common-mode input voltage 4 4.2 9 9.2 
VICR 

range Isee Note 5) 0 0 

Full range to to 

3.5 8.5 

25°C 3.2 4.1 8 8.9 

VOH High-level output voltage 
VID = 100 mY, 

-55°C 3 4.1 7.8 8.8 
RL = 1 MD 

125°C 3 4.2 7.8 9 

25°C 0 50 0 50 

VOL Low-level output voltage 
VIO = -100 mY, 

-55°C 0 50 0 50 
10L = 0 

125°C 0 50 0 50 

Large-signal differential 
25°C 50 520 50 870 

AVO 
RL = 1 MD, 

-55°C 25 1000 25 1775 
voltage amplification See Note 6 

380 125°C 25 200 25 

25°C 65 94 65 97 

CMRR Common-mode rejection ratio VIC = VICRmin -55°C 60 95 60 97 

125°C 60 85 60 91 

25°C 70 97 70 97 

kSVR 
Supply-voltage rejection ratio VOO = 5 V to 10 V, 

-55°C 60 97 60 97 
(aVoo/aVIO) Va = 1.4V 

125°C 60 98 60 98 

IIiSELI Input current to bias select pin VIISELI = VOO 25°C 65 95 

Va = VOo/2, 25°C 10 17 14 23 

100 Supply current VIC = VOO/2, -55°C 17 30 28 48 

No load 125°C 7 12 9 15 

tFull range is - 55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

2-512 

5. This range also applies to each input individually. 
6. At VOO = 5 V, Va = 0.25 V to 2 V; at VOO = 10 V, Va = 1 V to 6 V. 
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TLC2711, TLC271AI, TLC271 BI 
LinCMOSTM PROGRAMMABLE LOW-POWER 

OPERATIONAL AMPLIFIERS 

LOW-BIAS MODE 

electrical characteristics at specified free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
VDD - 5 V VDD - 10V 

UNIT 
MIN TVP MAX MIN TVP MAX 

25 DC 1.1 10 1.1 10 
TLC2711 

13 Vo = 1.4 V, Full range 13 

VIC = 0 V, 25 DC 0.9 5 0.9 5 
VIO Input offset voltage TLC271AI mV 

RS = 50 Il, Full range 7 7 

RL = 1 Mil 25 DC 0.24 2 0.26 2 
TLC271BI 

3.5 Full range 3.5 

Average temperature coefficient 25 DC to 
aVIO 1.1 1 ~V/DC 

of input offset voltage 85 DC 

Vo = VOO/2, 25 DC 0.1 0.1 
110 Input offset current (see Note 41 

VIC = VOO/2 85 DC 24 1000 26 1000 
pA 

Vo = VOO/2, 25 DC 0.6 0.7 
liB Input bias current (see Note 41 

VIC = VOO/2 85 DC 200 2000 220 2000 
pA 

-0.2 -0.3 -0.2 -0.3 

25 DC to to to to V 

Common-mode input voltage 4 4.2 9 9.2 
VICR 

range (see Note 51 -0.2 -0.2 

Full range to to V 

3.5 8.5 

25 DC 3.2 4.1 8 8.9 

VOH High·level output voltage 
VIO = 100 mY, 

-40 DC 3 4.1 7.8 8.9 V 
RL = 1 Mil 

85 DC 3 4.2 7.8 8.9 

25 DC 0 50 0 50 

VOL Low-level output voltage 
VID = -100 mY, 

-40 DC 0 50 0 50 mV 
IOL = 0 

85 DC 0 50 0 50 

25 DC 50 520 50 870 

AVO 
Large-signal differential RL = 1 Mil, 

-40 DC 50 900 50 1550 V/mV 
voltage amplification See Note 6 

85 DC 50 330 50 585 

25 DC 65 94 65 97 

CMRR Common-mode rejection ratio VIC = VICRmin -40 DC 60 95 60 97 dB 

85 DC 60 95 60 98 

Supply-voltage rejection ratio 
25 DC 70 97 70 97 

kSVR 
VOO = 5Vto 10V, 

-40 DC 60 97 60 97 dB 
ItNoO/ll.VIOI Vo = 1.4 V 

85 DC 60 98 60 98 

IIISELI Input current to bias select pin VIISELI - VOO 25 DC 65 95 nA 

Vo = VOO/2, 25 DC 10 17 14 23 

100 Supply current VIC = VOO/2, -40 DC 16 27 25 43 ~A 

No load 85 DC 7 13 10 18 

tFull range is -40 DC to 85 DC. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
6. At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 
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TLC271C. TLC271AC. TLC271BC 
. LinCMOSTM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

LOW·BIAS MODE 

electrical characteristics at specified free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONOITIONS TAt VOO - 5V VOO - 10 V 
MIN TYP MAX MIN TYP MAX 

TLC271C 
25°C 1.1 10 1.1 10 

Vo = 1.4V, Full range 12 12 

VIO Input offset voltage TLC271AC 
VIC = 0 V, 25°C 0.9 5 0.9 5 

RS = 50 Il, Full range 6.5 6.5 

RL = 1 Mil 25°C 0.24 2 0.26 2 
TLC271BC 

Full range 3 3 

Average temperature coefficient 25°C to 
1.1 "VIO of input offset voltage 70°C 

1 

110 Input offset current (see Note 41 
Va = VOOI2, 25°C 0.1 0.1 

VIC = VOOl2 70°C 7 300 7 300 

Input bias current (see Note 41 
Va - VOO/2, 25°C 0.6 0.7 

liB 
VIC = VOO/2 70°C 40 600 50 600 

-0.2 -0.3 -0.2 -0.3 

25°C to to to to 

VICR 
Common-mode input voltage 4 4.2 9 9.2 
range (see Note 51 -0.2 -0.2 

Full range to to 

3.5 8.5 

25°C 3.2 4.1 8 8.9 

VOH High-level output voltage 
VIO = 100 mY, 

OoC 3 4.1 7.8 8.9 
RL = 1 Mil 

70°C 3 4.2 7.8 8.9 

VIO = -100 mY, 
25°C 0 50 0 50 

VOL Low-level output voltage OOC 0 50 0 50 
10L = 0 

70°C 0 50 0 50 

Large-signal differential 
25°C 50 520 50 870 

AVO 
RL = 1 Mil, 

OoC 50 700 50 1030 
voltage amplification See Note 6 

70°C 50 380 60 660 

26°C 66 94 66 97 

CMRR Common~mode rejection ratio VIC = VICRmin OoC 60 95 60 97 

70°C 60 96 60 97 

Supply-voltage rejection ratio 
25°C 70 97 70 97 

kSVR 
VOO = 5 V to 10 V, 

OoC 60 97 60 97 
(aVoolaVlol Va = 1.4 V 

70°C 60 98 60 98 

IIISELI Input current to bias select pin VIISELl = VOO 25°C 65 95 

Va = VOo/2, 25°C 10 17 14 23 

100 Supply current VIC = VOO/2, OoC 12 21 18 33 

No load 70°C 8 14 11 20 

tFuil range is OoC to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 6 pA were determined mathematically. 

5. This range also applies to each input individually. 
6. At VOO = 5 V, Va = 0.25 V to 2 V; at VOO = 10 V, Va = 1 V to 6 V. 
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TLC271M 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

LOW·BIAS MODE 

operating characteristics. VDD .. 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.03 

Rl = 1 MO. 
VIPP = 1 V -55°C 0.04 

125°C 0.02 
SR Slew rate at unity gain Cl = 20 pF. V/~s 

25°C 0.03 
See Figure 98 

VIPP = 2.5 V -55°C 0.04 

125°C 0.02 

Vn Equivalent input noise voltage 
f = 1 kHz. 
See Figure 99 

RS=1000. 
25°C 68 nV/$> 

25°C 5 

BaM Maximum output swing bandwidth 
Va = VOH. Cl = 20 pF. 

-55°C 8 kHz 
Rl = 1 MO. See Figure 98 

125°C 3 
25°C 85 

B1 Unity-gain bandwidth 
Vi = 10mV. Cl = 20 pF. 

-55°C 140 kHz 
See Figure 100 

125°C 45 

Vi = 10 mV. f = B1. 
25°C 34° 

.pm Phase margin -55°C 39° 
Cl = 20 pF. See Figure 100 

125°C 25° 

operating characteristics. VDD = 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 
. 25°C 0.05 

Rl = 1 MO. 
VIPP = 1 V -55°C 0.06 

125°C 0.03 
SR Slew rate at unity gain Cl = 20 pF. 

25°C 0.04 
V/~s 

See Figure 98 
VIPP = 5.5 V -55°C 0.06 

125°C 0.03 

Vn Equivalent input nOise voltage 
f=1kHz. 
See Figure 99 

RS = 100O. 
25°C 68 nV/$> 

25°C 1 

BaM Maximum output swing bandwidth 
Va = VOH. Cl = 20 pF. 

-55°C 1.5 kHz 
Rl = 1 MO. See Figure 98 

125°C 0.7 

25°C 110 

B1 Unity-gain bandwidth 
Vi = 10 mV. Cl = 20 pF. 

-55°C 165 kHz 
See Figure 100 

125°C 70 

25°C 38° 

.pm Phase margin 
Vi = 10 mV. f = B1. 

-55°C 43° 
Cl = 20 pF. See Figure 100 

125°C 29° 
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nCZ711. nCZ71 AI. nCZ71 BI 
LinCMOSTM PROGRAMMABLE lOW·POWER 
OPERATIONAL AMPLIfiERS 

LOW·BIASMODE 

operating characteristics. VDD - 5 V 

PARAMETER TEST CONDITIONS 

RL = 1 Mil. 
V,PP = 1 V 

SR Slew rate at unity gain CL = 20 pF. 
See Figure 98 

V,PP = 2.5 V 

Vn Equivalent input noise voltage 
f=lkHz. RS = 100 11. 
See Figure 99 

Vo = VOH. CL = 20 pF. 
80M Maximum output swing bandwidth 

RL = 1 Mil. See Figure 98 

Vi = 10mV. CL = 20 pF. 
81 Unity·gain bandwidth 

See Figure 100 

.pm Phase margin 
Vi = 10mV. f = Bl. 

CL = 20 pF. See Figure 100 

3 operating characteristics. VDD - 10 V 
'2. 
=h 
i' 

PARAMETER TEST CONDITIONS 

... 
(I) RL = 1 Mil. 

V,PP = 1 V 

SR Slew rate at unity gain CL = 20 pF. 

See Figure 98 
VIPP = 6.5 V 

Vn Equivalent input noise voltage 
f = 1 kHz. RS=l00ll. 
See Figure 99 

BOM Maximum, output swing bandwidth 
VO= VOH. CL = 20 pF. 

RL = 1 Mil. See Figure 98 

CL = 20 pF. 
Bl Unity-gain bandwidth 

Vi = 10 mV. 

See Figure 100 

Vi = 10mV. f = 81. 
.pm Phase margin 

CL = 20 pF. See Figure 100 

2-516 
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~A MIN TVP MAX UNIT 

26°C 0.03 

-40°C 0.04 

85°C 0.03 

25°C 0.03 
V/~s 

-40°C 0.04 

85°C 0.02 

25°C 88 nVi$. 

26°C 6 

-40°C 7 kHz 

85°C 4 

25°C 86 

-40°C 130 kHz 

85°C 55 

25°C 34° 
-40°C 38° 

85°C 28° 

TA MIN TVP MAX UNIT 

25°C 0.06 
-40°C 0.06 

86°C 0.03 

25°C 0.04 
V/~ 

-40,oC 0.06 

85°C 0.03 

25°C 68 nV/$. 

25°C 1 

-40°C 1.4 kHz 

85°C 0.8 

26°C 110 

-40°C 165 kHz 

85°C 60 

25°C 38° 
-40°C 42° 

85°C 32° 



TLC271C, TLC271AC, TLC271BC 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

LOW-BIAS MODE 

operating characteristics. VDD - 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.03 

RL = 1 Mil. 
VIPP = 1 V OOC 0.04 

70°C 0.03 
SR Slew rate at unity gain CL = 20 pF. 

25°C 0.03 
Vips 

See Figure 98 
VIPP = 2.5 V O°C 0.03 

70°C 0.02 

Vn Equivalent input noise voltage 
f = 1 kHz. RS = 100 II. 

25°C 68 nV/$. 
See Figure 99 

Vo = VOH. CL = 20 pF. 
25°C 5 

BOM Maximum output swing bandwidth OOC 6 kHz 
RL = 1 Mil. See Figure 98 

70°C 4.5 

Vi = 10mV. CL = 20 pF. 
25°C 85 

Bl Unity-gain bandwidth O·C 100 kHz 
See Figure 100 

70°C 85 

Vi = 10mV. f = Bl. 
25·C 34· 

I/lm Phase margin O·C 38· 
CL = 20 pF. See Figure 100 

70·C 30· 

operating characteristics. VDD - 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25·C 0.05 

RL = 1 Mil. 
VIPP = 1 V O·C 0.05 

70·C 0.04 
SR Slew rate at unity gain CL = 20 pF. 

25·C 0.04 
Vips 

See Figure 98 
VIPP = 6.5 V O·C 0.05 

70°C 0.04 

Vn Equivalent Input noise voltage 
f = 1 kHz. RS = 10011. 

25·C 68 nV/$. 
See Figure 99 

25·C 1 

BOM Maximum output swing bandwidth 
Vo = VOH. CL = 20 pF. 

O·C 1.3 kHz 
RL = 1 Mil. See Figure 98 

70°C 0.9 

VI = 10 mY. CL = 20 pF. 
26°C 110 

Bl Unity-gain bandwidth O·C 125 kHz 
See Figure 100 

70·C 90 

Vi = 10 mY. f = Bl. 
25°C 38· 

I/lm Phase margin. O·C 40· 
CL = 20 pF. See Figure 100 

70·C 34° 
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TLC271. TLC271A. TLC271B 
LinCMOS™ PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (LOW·BIAS MODE) t 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

905 Amplifiers 

60 VOo=5V 
TA =25°C 

iI- 50 
r 

P Package 

.~ 5 40~~--~~--~ 

10~~--~-+-

OL-....... _--
-5 -4 -3 -2 -1 0 2 3 

VIO - Input Offset Voltage - mV 

FIGURE 66 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Amplifiers 

60 VOO=5V 
TA =25'Cto 
P Package 

~ 50 Outliers: 
~ (1) 19.2 !lvrc 
5 40 (1) 12.1 !lVrC 
'0 

IL
l 30 

20 ~~--~~--r 

10 ~+---1-+-

0 ............ -"-..--

4 5 

-10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 
aVlO- Temperature coefficient - !lV/'C 

FIGURE 68 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

ror-~~~--~~~~~~~~ 
905 Amplifiers 

60 
VOO = 10 V 
TA = 25°C 
P Package 

iI- 50~~--~~--r 
r 
~ 5 40~~--~~--~ 
'0 

f : ~~--~~--r 
10 ~+---1-+-

0'--...... ----5 -4 -3 -2 -1 0 2 3 
VIO -Input Offset Vollage - mV 

FIGURE 67 

DISTRIBUTION OF TLC271 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Amplifiers laslad 

4 5 

VOO=10V I 
60 T A = 25°C to 125'C --+---1---+---1-----'1--1 

P Package 

~ 50 Outliers: 
~ (1) 18.7 !lV/oC 
::;) 40 (1) 11.6 !lV/oC 

'0 f 30 

l. 20 ~~--~~--t-

.!' 10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 
avlO - Temperature coefflclent-INI'C 

FIGURE 69 

t Data at high and low temperatures are applicable only within the retad operating free-air temperature ranges of various devices. 
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TLC271. TLC271A. TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (LOW-BIAS MODE) t 

HIGH·LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

5r---~----~----~----~----' 
TA =25°C 
VIO = 100 mV 

O~--~----~----~--~----~ 

16 

14 

12 

10 

8 
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4 

2 

o 

o -2 -4 -6 -8 -10 

IOH - Hlgh·Level Output Current - mA 

FIGURE 70 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VIO = 100mV 

- RL =1 MQ 

V TA =25°C 

V 
/V 

/ 
/ 

/ 
V 

/ 
V 

o 2 4 6 8 10 12 14 16 

V DO - Supply Voltage - V 

FIGURE 72 
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& VOO-1.8 

i 
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8 VOO- 2.0 
Ii 

~ VOO-2.1 
.c 

~ 
I VOO- 2.2 

6 > VOO - 2.3 

HIGH·LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VIO =100mV 

r---........... VOO=16V 
TA =25°C 

~ 

.................. 
r--...... 

............. , 
............ 

........... VOO=10V 
r--.. , 

-10 -20 -30 
IOH - High·Level Output Current - mA 

FIGURE 71 

-40 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE·AIR TEMPERATURE 

IOH =-5mA 

........... I VIO = 100 mV 

.......... VOO=5V 

~ 
......... 

-.............. 
............. '-.... 

VOO=10V 
.......... 
~ 

........ 

"'" "" "'" "" VOO- 2.4 
-75 -SO -25 0 25 50 75 100 125 

T A - Free-Air Temperature - °C 

FIGURE 73 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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nC271, nC271A, nC271B 
LinCMOSTM PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (LOW-BIAS MODE)t 

> 
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II 
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700 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

Voo=5V 1 
\ 

IOL =5mA-
TA = 25°C 

600 

\ 
\\ VIO =-100 mV 

\ 
500 

"'-,"'-r-.... 
....... 

~ t'--.. VIO =-1 V 
'j I 

400 

..........: ~ r--
300 

o 

800 

I--

~ 
'\. 

2 3 
VIC - Common-Mode Input Voltage - V 

FIGURE 74 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

I I I 
IOL =5mA 
VIC = IVIO 121 
TA = 25°C 

I I 
I\. VOO=5V 

~ .... 
VOO=10V --

o 
o -2 -4 -6 -8 

VIO - Olffensntlellnput Voltage - V 

FIGURE 76 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 
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I I I 
VOO=10V 
IOL =5mA 
TA =25°C -

\ 

\ l\ 
!------- VIO =-100 mV 

/VIO =-1 V 

~ 
~VIO=-2'5V 

I' ~ ~ t:,... 
250 

o 2 4 6 8 10 

900 

800 

iii 
I 700 
& 
~ 600 

1500 

~400 

1300 

I 200 

6 
> 100 

o 

VIC - Common-Mode Input Voltage - V 

FIGURE 75 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

IOL =5mA 
r- VIO =-1 V 

/ r- VIC = 0,5 V 

VOO=5V V 
// / 

,./ / 
V 

/ f-'" 
/ f-""" VOO=10V 

------
-75 -50 -25 0 25 50 75 100 125 

T A - F __ Alr Temperature - °C 

FIGURE 77 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW-POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (LOW-BIAS MODE) t 

1.0 

0.9 

> 0.8 I , 0.7 

:; 0.6 
S-a 0.5 

§ 0.4 
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LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
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FREE-AIR TEMPERATURE 
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FIGURE 81 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271 I TLC271 A, TLC271 B 
LinCMOS™ PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (LOW·BIAS MODE)t 
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FIGURE 85 

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

NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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TLC271, TLC271A, TLC271B 
LinCMOS™ PROGRAMMABLE LOW-POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS (LOW-BIAS MODE) t 
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. TYPICAL CHARACTERISTICS (LOW-BIAS MODE)t 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of various devices. 
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TLC271, TLC271'A, TLC271 B 
LinCMOS™ PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

single-supply versus split-supply test circuits 

Because the TLC271 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 will give the same result. 

Vo vo 
VI RL 

VI 
RL 

":" ":" 

voo-

(8) Single·Supply Ib) Split-Supply 

FIGURE 98. UNITY-GAIN AMPLIFIER 

10 kO 10 kO 

Voo+ 

1/2 VOO Vo Vo 

1000 

":" ":" 

(8) SlnQle·Supply Ib) Split·Supply 

FIGURE 99. NOISE TEST CIRCUIT 
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FIGURE 100. GAIN-OF-100 INVERTING AMPLIFIER 
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input bias current 

TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Because of the high input impedance of the TLC271 op amp, attempts to measure the input bias current 
can result in erroneous readings. The bias current at normal room 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: 

1. Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 101). Leakages that would otherwise flow to the inputs will be shunted 
away. 

2. 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. 

One word of caution ... many automatic testers as well as some bench-top op amp 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 ('btain a correct reading; therefore, an "open­
socket" reading is not feasible using this method. 

8 5 

C C C c 
crarQlDV - VIC 

1 ~W4 
FIGURE 101. ISOLATION METAL AROUND DEVICE INPUTS 

(JG AND P DUAL-IN-LiNE PACKAGE) 

low-level output voltage 

To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output 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 will result 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. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 

full-power response 

Full-power response, the frequency above which the op amp 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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TLC271.TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

generally measured by monitoring the distortion level of the output whiie 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 98. 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 102). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 

nJ1 A 
(a) I = 100 Hz (b) BOM > I> 100 Hz (C)I=BOM (d)l> BOM 

FIGURE 102. 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. 

TYPICAL APPLICATION DATA 

single-supply operation 

While the TLC271 performs well using dual power supplies (also called balanced or split supplies), the 
design is optimized for single-supply operation. 
This design 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 3 V (C-suffix types), thus allowing operation 
with supply levels commonly available for TTL 
and HCMOS; however, for maximum dynamic 
range, 16-V single-supply operation is 
recommended. 
Many single-supply applications require that a 
voltage be applied to one input to establish a 
reference level that is above ground. A resistive 
voltage divider is usually sufficient to establish 
this reference level (see Figure 103). The low 
input bias current consumption of the TLC271 
permits the use of very large resistive values to 
implement the voltage divider, thus minimizing 
power consumption. 

voo 

R1 
R2 

Vo 

FIGURE 103. INVERTING AMPLIFIER WITH 
VOLTAGE REFERENCE 
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TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW-POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

The TLC271 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: 

1. Power the linear devices from separate bypassed supply lines (see Figure 104); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 

(a) Common Supply Rails 

(b) Separate Bypassed Supply Rails (preferred) 

FIGURE 104. COMMON VERSUS SEPARATE SUPPLY RAILS 

input offset voltage nulling 

The TLC271 offers external input offset null control. Nulling of the input offset voltage may be achieved 
by adjusting a 25-kO potentiometer connected between the offset null terminals with the wiper connected 
as shown in Figure 105. The amount of nulling range varies with the bias selection. In the high-bias mode, 
the nulling range will allow the maximum offset voltage specified to be trimmed to zero. In low-bias and 
medium-bias modes, total nulling may not be possible. 

VDD 

GND 

(a) Single-Supply (b) Split-Supply 

FIGURE 105. INPUT OFFSET VOLTAGE NULL CIRCUIT 
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LinCMOSTM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

bias selection 

Bias selection is achieved by connecting the bias select pin to one of the three voltage levels (see Figure 106). 
For medium-bias applications. it is recommended that the bias select pin be connected to the mid-point 
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 will necessitate using a voltage divider as indicated. 
The use of large-value resistors in the voltage divider will reduce the current drain of the divider from the 
supply line. However. large-value resistors used in conjunction with a large-value capacitor will require 
significant time to charge up to the supply midpoint after the supply is switched on. A voltage other than 
the mid-point may be used if it is within the voltages specified in the following table. 

TO THE BIAS 

SELECT PIN 

LOW 

MEDIUM 

HIGH 

VDD 

1 MO 

1 MO r 0.01 "F 

BIAS MODE 
BIAS SELECT VOLTAGE 

(Single Supply) 

LOW Voo 
MEDIUM 1 V to VOO-1 V 

HIGH GNO 

FIGURE 106. BIAS SELECTION FOR SINGLE-SUPPLY APPLICATIONS 

input characteristics 

The TLC271 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. Note that the lower range limit includes the negative rail. while the upper range 
limit is specified at VOO - 1 V at T A = 25°C and at VOO - 1. 5 V at all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLC271 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 ltV/month. including 
the first month of operation. 

Because of the extremely high input impedance and resulting low bias current requirements. the TLC271 
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 101 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 107). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 
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LinCMOSTN PROGRAMMABLE LOW-POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

noise performance 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC271 results in a very low noise current, which 
is insignificant in most applications. This feature makes the devices especially favorable over bipolar devices 
when using values of circuit impedance greater than 50 kG, since bipolar devices exhibit greater noise 
currents. 

Va Va 

la) Noninverting Amplifier Ib) Inverting Amplifier Ie) Unity·Gain Amplifier 

FIGURE 107. GUARD RING SCHEMES 

feedback 

Op amp circuits nearly always employ feedback, 
and since feedback is the first prerequisite for 
oscillation, some 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 108). The value of 
this capacitor is optimized empirically. 

electrostatic discharge protection 

The TLC271 incorporates an internal 
electrostatic discharge (ESD) protection circuit 
that prevents functional failures at voltages up 

c 

FIGURE 108. COMPENSATION FOR 
INPUT CAPACITANCE 

to 2000 V as tested under MIL-STO-883C, 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. 

latchup 

Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC271 
inputs and output were designed to withstand - 11 O-mA surge currents without sustaining latchup; 
however, techniques should be used to reduce the chance of latchup 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 mV. 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. 
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LinCMOSTM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

The current path established if latchup 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 latchup 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 latchup occurring increases with increasing temperature and supply voltages. 

output characteristics 

The output stage of the TLC271 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. 

All operating characteristics of the TLC27 were 
measured using a 20-pF load. The devices will 
drive 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 110, 111, and 112). In 
many cases, adding some compensation in the 
form of a series resistor in the feedback loop will 
alleviate the problem. 

-2.5 V 

(dl Test Circuit 

TA - 2SoC 
f-1kHz 

VIPp-1V 

FIGURE 109. TEST CIRCUIT FOR OUTPUT 
CHARACTERISTICS 

(al CL - 20 pF. RL - NO LOAD (bl CL - 130 pF. RL - NO LOAD (el CL - 150 pF. RL - NO LOAD 

FIGURE 110. EFFECT OF CAPACITIVE LOADS IN HIGH·BIAS MODE 
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TLC271, TLC271A, TLC271B 
LinCMOS'" PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

(a) CL - 20 pF. RL - NO LOAD Ib) CL - 170 pF. RL - NO LOAD (c) CL - 190 pF. RL - NO LOAD 

FIGURE 111. EFFECT OF CAPACITIVE LOADS IN MEDIUM·BIAS MODE 

(a) CL - 20 pF. RL - NO LOAD (b) CL - 260 pF. RL - NO LOAD (c) CL - 310 pF. RL - NO LOAD 

FIGURE 112. EFFECT OF CAPACITIVE LOADS IN LOW-BIAS MODE 

Although the TLC271 possesses excellent high­
level output voltage and current capability. 
methods for boosting this capability are 
available, if needed. The simplest method 
involves the use of a pullup resistor (Rp) 
connected from the output to the positive supply 
rail (see Figure 113). There are two 
disadvantages to the use of this circuit. First, the 
NMOS pull-down 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 (l and 180 (l, depending on 
how hard the op amp input is driven. With very 
low values of Rp, a voltage offset from 0 V at 
the output will occur. Second, pullup resistor Rp 
acts as a drain load to N4 and the gain of the 
op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 

VDD-VO 
Rp -

IF+IL+lp 

VDD 

Ip - Pullup current requIred by 
the op amp (typicelly 500 ~A) 

FIGURE 113. RESISTIVE PULLUP 

TO INCREASE VOH 
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TLC271, TLC271A, TLC271B 
LinCMOSlM PROGRAMMABLE LOW-POWER 
OPERATIONAL AMPLIFIERS 

2-534 

10 kll 
VI 

5 kll 

TYPICAL APPLICATION DATA (HIGH~BIAS MODE) 

10 kll 

0.016 "F 0.016 "F 

LOW PASS 

'----------------+-------------- HIGH PASS 

~~e-----------~~------------e----------------BANDPASS 
R - 5 kIl13/d-ll, 

Isee Note AI 

NOTES: A. d = damping factor, l/Q 
B. Normalized to 10 kll and fc = 1 kHz 

FIGURE 114. STATE VARIABLE FILTER 

Vo Isee Note Al 

9V 
.n..r 

10 kll 0.1 "F 

>-...... ..-VO Isee Note BI 
10 kll 

NOTES: A. VOpp = 8 V 
B. VOPP= 4 V 

47 kll 

R3 

/'V 
fO - 4CI~21 [~J 

FIGURE 115. SINGLE-SUPPLY FUNCTION GENERATOR 
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TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA (HIGH-BIAS MODE) 

+5 V 

10 kO 100 kO 

5V 

> ......... -VO 

-5V 

-5V 
Rl.l0kO 

10 kO 95 kO (see Note Al 

NOTE A: CMRR adjustment (must be noninductivel. 

10 kO 

FIGURE 116. LOW·POWER INSTRUMENTATION AMPLIFIER 

R 
10 MO 

R 

~~1~ 5 MO 

C C 
270 pF 270 pF 

fNOTCH __ 1_ 
2 .. RC 

Vo 

FIGURE 117. SINGLE·SUPPL Y TWIN· T NOTCH FILTER 
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TlC271, TLC271A, TLC271B 
LinCMOSTMPROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA (HIGH·BIAS MODE) 

VI (see 
lIIota AI--'~--------4~-----'----'>--------' 

1.2 kll 100 kll 0.47 ~F 

TL431 20 kll~.JV\~""'--I 
TIP31 

15 II 

250 ~F. 
25V ~_ 

10 kll 

47 kll 

22 kll 

NOTES: A. VI = 3.5 to 15 V 
B. Vo = 2.0 V. 0 to 1 A 

FIGURE 118. LOGIC·ARRA Y POWER SUPPLY 

12 V 

>-.... ..-Vo 

100 kll 

FIGURE 119. POSITIVE·PEAK DETECTOR 
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TLC271, TLC271A, TLC271B 
LinCMOS™ PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA (MEDIUM-BIAS MODE) 

1N4148 

470 kll 

100 kll 
5V 

47 kll 

100 kll 
>---~"""""""-Vo 

1 "F 
R1 

100 kll 68 kll 
C1 

2.2 nF 

C2 
2.2 nF 

NOTES: VOPP ~ 2 V 

1 
fO =::-~~~ 

2" ,jR1 R2C1 C2 

FIGURE 120. WIEN OSCILLATOR 

1 Mil 
0.01 "F 

VI -ll--....... ~ ........ -I 

1 Mil 

10 kll 

5V 

0.22 "F 
~--__ --__ ~~VO 

100 kll 
100 kll 

0.1 "F 

FIGURE 121. SINGLE·SUPPLY AC AMPLIFIER 
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TLC271. TLC271A. TLC271B 
LinCMOS"" PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA (MEDIUM·BIAS MODE) 

5V 
GAIN CONTROL 

.... ----, 1MII 

100 kll 

BIASSE:E~ 
2.5 V 1100 kll 

NOTE A.: Low to medium impedance dynamic mike 

FIGURE 122. MICROPHONE PREAMPLIFIER 

1 kll 

BIAS SELECT 

~ 

100 kll ":" 

150 pF 

NOTES: VOO = 4 V to 15 V 
VREF = OVtoVoO-2V 

10 Mil 

>--B .. IA ... S .... - Vo 

FIGURE 123. PHOTO DIODE AMPLIFIER WITH AMBIENT LIGHT REJECTION 
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TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA (MEDIUM-BIAS MODE) 

VI----I 

NOTES: VI = 0 V to 3 V 

VI 
IS = Ii 

2N3821 

R 

FIGURE 124. PRECISION LOW·CURRENT SINK 

TYPICAL APPLICATION DATA (LOW-BIAS MODE) 

Voo 

VI ----I 
">--.... -_VO 

-=-
voo 90 kll 

Sl C Xl 
8 

A TlC4066 1 

1 

S2 C X2 
8 ANALOG 2 

A SWITCH 2 

9 kll 

1 kll 

NOTE: VOO = 5 V to 12 V 

FIGURE 125. AMPLIFIER WITH DIGITAL GAIN SELECTION 
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nC271. nC211A. nC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA (LOW-BIAS MODE) 

0.1 "F I 
500 kG 

500 kG 

500 kG 

6V 

BIAS 
SELECT 

+5V 

>--+--- V01 V' 

~~~------------V02LJrl 

500 kG 

FIGURE 126. MULTIVIBRATOR 

10 kll 

Voo 

NOTE: Voo = 5 V to 16 V 

FIGURE 127. FULL·WAVE RECTIFIER 
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TLC271, TLC271A, TLC271B 
LinCMOSTM PROGRAMMABLE LOW·POWER 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA (LOW-BIAS MODE) 

100 kll 

100 kll 
SET -J\M.......-4 ........ 

RESET -~~~ 
100 kll 

33 kll 

NOTE: Vee = 6 V to 16 V 

FIGURE 128. SET/RESET FLIp· FLOP 

0.016 ~F 

10 kll 10 kll 

>-............. - Vo 

NOTE: Normalized to Fe = 1 kHz and RL = 10 kll 

FIGURE 129. TWO·POLE LOW·PASS BUTTERWORTH FILTER 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

• Trimmed Offset Voltage: 
TLC277 ... 500 p.V Max at 25°C. 
VDD - 5 V 

• Input Offset Voltage Drift ... Typically 
0.1 p.V/Month. Including the First 30 Days 

• Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55°C to 125°C ... 4 V to 16 V 
-40°C to 85°C ... 4 V to 16 V 

o °C to 70°C ... 3 V to 16 V 

• Single-Supply Operation 

• Common-Mode Input Voltage Range 
Extends Below the Negative Rail IC-Suffix. 
I-Suffix types} 

• Low Noise ... Typically 25 nV/JHz 
at f - 1 kHz 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance ... 1012 () Typical 

• ESD-Protection Circuitry 

• Small-Outline Package Option Also Available 
in Tape and Reel 

• Designed-In Latchup Immunity 

AVAILABLE OPTIONS 

Vlomax 
PACKAGE 

SMALL CHIP CERAMIC 
TA at 

25·C 
OUTLINE CARRIER DIP 

(01 (FKI (JGI 

500~V TLC277CD - TLC277CJG 
O·C 

2 mV TLC272BCD - TLC272BCJG 
to 

5 mV TLC272ACD - TLC272ACJG 
70·C 

TLC272CD 10 mV - TLC272CJG 

-40·C 
500 ~V TLC277ID - TLC277IJG 

2 mV TLC272BID - TLC272BIJG 
to 

B5°C 
5 mV TLC272AID - TLC272AIJG 

10 mV TLC2721D - TLC2721JG 

-55·C 500 ~V - TLC277MFK TLC277MJG 
to 

125·C 10mV - TLC272MFK TLC272MJG 

D3138, OCTOBER 1S87-REVISED MARCH 1S8S 

D. JG. OR P PACKAGE 

(TOP VIEWI 

1 OUT 08 VDD 
1 IN- 2 7 2 OUT 
1 IN + 3 6 2 IN-

GND 4 5 2 IN + 

NC 4 

FK PACKAGE 

(TOP VIEWI 

f-

u 5 u 8u 
z z>z 

3 2 1 20 19 

18 NC 
1 IN- 5 17 2 OUT 

16 NC NC 6 

IN+ 
NC 8 

9 1011 12 13 

15 21N-

14 NC 

NC - No internal connection 

PLASTIC 

DIP 
(PI 

TLC277CP 

TLC272BCP 

TLC272ACP 

TLC272CP 

TLC277IP 

TLC272BIP 

TLC272AIP 

TLC2721P 

-
-

DISTRIBUTION OF TLC277 
INPUT OFFSET VOLTAGE 

The D package is available in tape and reel. Add R suffix to the device type (e.g., 
TLC277CDRI. 

Vlo-Input Offset Voltage-IN 

LinCMOS is a trademark of Texas Instruments Incorporated 

Copyright @ 1987. Texas Instruments Incorporated 
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TLC272,TLC272A, TLC272B, TLC277 
LinCMOS'" PRECISION DUAL OPERATIONAL AMPLIFIERS 

description 

2-544 

The TLC272 and TLC277 dual operational amplifiers combine a wide range of input offset voltage grades 
with low offset voltage drift, high input impedance, low noise, and speeds approaching that of general­
purpose BiFET devices. 

These devices use Texas Instruments silicon-gate LinCMOS" technology, which provides offset voltage 
stability far exceeding the stability available with conventional metal-gate processes. 

The extremely high input impedance, low bias currents, and high slew rates make these cost-effective 
devices ideal for applications which have previously been reserved for BiFET and NFET products. Four offset 
voltage grades are available (C-suffix and I-suffix types), ranging from the low-cost TLC272 (10 mV) to 
the high-precision TLC277 (500 /LV). These advantages, in combination with good common-mode rejection 
and supply voltage rejection, make these devices a good choice for new state-of-the-art designs as well 
as for upgrading existing designs. 

In general, many features associated with bipolar technology are available on LinCMOS" operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC272 and TLC277. The devices also exhibit low voltage single-supply operation, making them 
ideally suited for remote and inaccessible battery-powered applications. The common-mode input voltage 
range includes the negative rail. 

A wide range of packaging options is available, including small-outline and chip carrier versions for high­
density system applications. 

The device inputs and outputs are designed to withstand - 100-mA surge currents without sustaining 
latchup. 

The TLC272 and TLC277 incorporate internal ESO-protection circuits that prevent functional failures at 
voltages up to 2000 Vas 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. 

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

TEXAS ." 
INSTRUMENlS 

POST OFFICE BOX 656012 " DALLAS, TEXAS 75265 



TLC272. TLC272A. TLC272B. TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

equivalent schematic (each amplifier) 

Voo 

Rl 

IN-, ........... ___ --+t 
P5 P6 

IN+ ---+------1----' 

OUT 

N6 N7 

R7 

GNO 

II 
en ... 
CI) 

:E 
C. 
E 
<t 
ca 
c 
0 

'+0 
C'CI ... 
CI) 
Co 

0 

TEXAS ." 
INSTRUMENTS 2-545 

POST OFFICE BOX 665012 • DALLAS, TeXAS 75265 



o 
"C 
CD 
;; 
r+ S· 
~ 
!!. 
» 
3 
"2-
~ 
ar ... en 

TLC272. TLC272A. TLC272B. TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage range, VI (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VDD 
Input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. ± 5 mA 
Output current, 10 (each·output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±30 mA 
Total current into VDD terminal .............................................. 45 mA 
Total current out of ground terminal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 mA 
Duration of short-circuit current at (or below) 25 DC (see Note 3) . . . . . . . . . . . . . . . . . . .. Unlimited 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature, T A: M-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 

I-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40 DC to 85 DC 
C-suffix ................................ 0 DC to 70 DC 

Storage temperature range ......................................... - 65 DC to 150 DC 
Case temperature for 60 seconds: FK package ................................... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and P package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 

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 shoned to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 

dissipation rating is not exceeded Isee application section). 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 2SoC DERATING FACTOR TA - 70°C TA - SsoC 

POWER RATING ABOVE TA - 2SoC POWER RATING POWER RATING 

0 725mW 5.8 mW/oC 464mW 

FK 1375 mW 11 mW/oC 880mW 

JG 1M-suffix) 1050mW 8.4 mW/oC 672 mW 

JG IC-, I-suffix) 825 mW 6.6 mW/oC 528 mW 

P 1000 mW 8.0 mW/oC 640mW 

recommended operating conditions 

M-SUFFIX 

MIN NOM MAX MIN 

Supply voltage, VOO 4 16 4 

I VOO - 5 V 0 3.5 -0.2 
Common-mode input voltage, VIC I 

VOO = 10 V 0 8.5 -0.2 

Operating free-air temperature, T A -55 125 -40 

TEXAS ~ 
INSTRUMENTS 
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377mW 

715mW 

546mW 

429 mW 

520 mW 

MAX MIN 

16 3 

3.5 -0.2 

8.5 -0.2 

85 0 

TA - 12SoC 
POWER RATING 

275 mW 

210mW 

C-SUFFIX 

NOM MAX 
16 

3.5 

8.5 

70 

UNIT 

V 

V 

°C 



TLC272M, TLC277M 
LinCMOSlM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

Va = l.4V, VIC = 0 V, 25°C 1.1 10 
TlC272M 

RS = 5011; RL = 10 kll Full range 12 
Via Input offset voltage 

Va = 1.4V, VIC = 0 V, 25°C 200 500 
TLC277M 

RS = 50 II, RL = 10 kll Full range 3750 
Average temperature coefficient 25°C to 

2.1 "via of input offset voltage 125°C 

Input offset current (see Note 4) Va = 2.5 V, VIC = 2.5 V 
25°C 0.1 

110 
125°C 1.4 15 

liB Input bias current (see Note 4) Va = 2.5 V, VIC = 2.5 V 
25°C 0.6 

125°C 9 35 

0 -0.3 

25°C to to 

Common-mode input 4 4.2 
VICR voltage range (see Note 5) 0 

Full range to 

3.5 

25°C 3.2 3.B 

VOH High-level output voltage VIO = 100 mV, RL = 10 kll -55°C 3 3.B 

125°C 3 3.B 

25°C 0 50 

VOL Low-level output voltage VIO = -100 mV, 10L = 0 -55°C 0 50 

125°C 0 50 

25°C 5 23 

AVO 
Large-signal differential 

Vo = 0.25 V to 2 V, RL = 10 kll -55°C 3.5 35 
voltage amplification 

125°C 3.5 16 

25°C 65 80 

CMRR Common-mode rejection ratio VIC = VICR min -55°C 60 81 

125°C 60 84 

25°C 65 95 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, VO=l.4V -55°C 60 90 
(AVOO/AVIO) 

125°C 60 97 

25°C 1.4 3.2 

100 
Supply current Vo = 2.5 V, VIC = 2.5 V, 

-55°C 2 5 
(two amplifiers) No load 

125°C 1 2.2 

t Full range is - 55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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mV 

p.V 

p.V/oC 

pA 

nA 

pA 

nA 

V 

V 

V 

mV 

V/mV 
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TLC272M, TLC277M 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo - 10 V (unless otherwise noted) 

II 
o 
'C 
CD 
; ... 
is' 
::s 
!. 

PARAMETER TEST CONOITIONS TAt MIN TYP MAX 

TLC272M 
Vo = '1.4 V, VIC=OV, 25,oC 1.1 10 

VIO Input offset voltage 
RS = 600, RL = 10 kO Full range 12 

Vo - 1.4 V, VIC = 0 V, 26°C 250 800 
TLC277M 

RS = 500, RL = 10 kO Full range 4300 
Average temperature coefficient 26°C to , 

aVIO of input offset voltage 125°C 
2.2 

110 Input offset current (see Note 41 Vo = 6 V, VIC = 6 V 
26°C 0.1 

125°C 1.8 16 

liB Input bias current (see Note 4) Vo = 5 V, V'C = 6 V 
26°C 0.7 

125°C 10 36 
0 -0.3 

26°C to to 

V,CR 
Common-mode input 9 9.2 
voltage range (see Note 61 0 

Full range to 

8.6 

25°C 8 8.6 

VOH High-level output voltage VIO = 100 mV, RL = 10 kO -66°C 7.8 8.6 

126°C 7.8 8.4 

26°C 0 60 

VOL Low-level output voltage V,O = -100 mV, 10L = 0 -66°C 0 60 

126°C 0 60 

Large-signal differential 
26°C 10 36 

AVO Vo = 1 V to 6 V. RL = 10 kO -56°C 7 60 
voltage amplification 

126°C 7 27 

26°C 66 86 
CMRR Common-mode rejection ratio V'C = VICR min -B6°C 60 87 

126°C 60 86 

Supply-voltage rejection ratio 
26°C 66 95 

kSVR VOO = 6 V to 10 V; Vo = 1.4 V -66°C 60 90 
(aVOO/aV,OI 

125°C 60 97 

Vo = 6 V, V'C = Ii V. 
26°C 1.9 4 

100 
Supply current 

-65°C 3 6 
(two amplifiersl No load 

126°C 1.3 2.8 

t Full range is - 55°C to 125°C. 
NOTES: 4. The typical values of input bias currem and input offset current below 6 pA were determined mathematically. 

6. This range also applies to each input Individually. 

2-548 TEXAS • 
INSlRUMENTS 

POST OFFICE BOX 656012 • DALLAS. TeXAS 75265 

UNIT 

mV 

IN 

"V/oC 

pA 

nA 
pA 

nA 

V 

V 

V 

mV 

V/mV 

dB 

dB 

mA 



TLC2721, TLC272AI, TLC272BI, TLC2771 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC2721 
Vo = 1.4 V, VIC = 0 V, 25°C 1.1 10 

RS = 5011, RL = 10 kO Full range 13 

TLC272AI 
VO-1.4V, VIC - 0 V, 25°C 0.9 5 

Rs = 600, RL = 10 kO Full range 7 
VIO Input offset voltage 

Vo = 1.4 V, VIC = 0 V, 25°C 230 2000 
TLC272BI 

RS=600, RL = 10 kll Full range 3500 

Vo = 1.4 V, VIC = 0 V, 25°C 200 500 
TLC2771 

RS = 600, RL = 10 kll Full range 2000 
Average tempereture coefficient 26°C to 

1.8 aVIO of input offset voltage 85°C 

110 Input offset current Isee Note 4) Vo = 2.5 V, VIC = 2.5 V 
26°C 0.1 

85°C 24 1000 

Input bias current Isee Note 4) Vo = 2.6 V, VIC = 2.6 V 
25°C 0.6 

liB 
85°C 200 2000 

-0.2 -0.3 

25°C to to 
Common-mode input 4 4.2 

VICR voltage range Isee Note 5) -0.2 

Full range to 

3.5 

26°C 3.2 3.8 

VOH High-level output voltage Vio = 100 mV, RL = 10 kO -40°C 3 3.8 

85°C 3 3.8 
25°C 0 50 

VOL low-level output voltage Vio = -100 mV, 10l = 0 -40°C 0 50 

86°C 0 50 

large-signal differential 
25°C 5 23 

AVO Vo = 0.26 V to 2 V, RL = 10 kO -40°C 3.5 32 
voltage ampllficetlon 

86°C 3.5 19 

26°C 65 80 
CMRR Common-mode rejection ratio VIC = VICR min -40°C 60 81 

85°C 60 86 

Supply-voltage rejection ratio 
25°C 65 95 

kSVR Voo = 5 V to 10 V, Vo = 1.4 V -40°C 60 92 
IAVoo/AVlo) 

85°C 60 96 

Vo - 2.5 V, 
25°C 1.4 3.2 

100 
Supply current VIC = 2.5 V, 

-40°C 1.9 4.4 
Itwo amplifiers) No load 

86°C 1.1 2.4 

t Full range is -40°C to 86°C. 
NOTES: 4. The typical values of Input bias current and input offset current below 5 pA were determined mathematically. 

6. This range also applies to each Input individually. 
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TLC2721. TLC272AI. TLC212BI, TLC2771 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air tlilmperature, VOO = 10 V (unless otherwise noted) 

E 

PARAMETER TEST CONDITIONS TAt MIN TVP MAX 

TLC2·721 Vo = 1.4 V, VIC = 0 V, 25°C 1.1 10 

RS = 5011, RL = 10 kll Full range 13 

25°C 0.9 
TLC272AI 

Vo = 1.4 V, VIC = 0 V, 5 

RS = 5011, RL = 10 kll full r~nge 7 
VIO Input offset voltage 

Vo = 1.4 V, VIC = 0 V, ·25°C 290 2000 
TLC272BI 

RS = 5011, RL = 10 kll Fqll range 3500 

TLC2771 
Vo = 1.4 V, VIC = 0 V, 25°C 250 800 

RS = 500, RL = 10 kO Full range 2900 

Average temperature coefficient 25°C to 
""10 of input offset voltage 

2 
85°C 

110 Input offset current !see Note 4) Vo = 5 V, VIC = 5 V 
25°C 0.1 

85°C 26 1000 

lIB Input bias current (see Note 4) Vo = 5 V, VIC = 5 V 
25°C 0.7 

85°C 220 2000 

-0.2 -0.3 

25°C to to 

VICR 
Common-mode input 9 9.2 
voltage range (see Note 5) -0.2 

Full range to 

8.5 

25°C 8 8.5 

VOH High-level output voltage VIO = 100 mV, RL = 10 kll -40°C 7.8 8.5 

85°C 7.8 8.5 

25°C 0 50 

VOL Low-level output voltage VIO = -100 mV, 10L = 0 -40°C 0 50 

85°C 0 50 

25°C 10 36 

AVO 
Large-signal differential 

Vo = 1 V to 6 V, RL = 10 kll -40°C 7 46 
voltage amplification 

85°C 7 31 

25°C 65 85 

CMRR Common-mode rejection ratio VIC = VICR min -40°C 60 87 

85°C 60 88 

25°C 65 95 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Vo = 1.4 V -40°C 60 92 
(<l.VOO/<l.VIO) 

85°C 60 96 

25°C 1.\1 4 

100 
Supply currert Vo = 5 V, VIC = 5 V, 

-40°C 2.8 5 
(two amplifiers) No load 

85°C 1.5 3.2 

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 were determined mathematically. 

5. This range also applies to each input individually. 
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TLC272C, TLC272AC, TLC272BC, TLC277C 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo '" 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC272C 
Vo = 1.4 V, VIC = 0 V, 25·C 1.1 10 

RS = 50 D, RL = 10 kD Full range 12 

TLC272AC 
VO=1.4V, VIC = 0 V, 25·C 0.9 5 

VIO Input offset voltage 
RS = 50 D, RL = 10 kD Full range 6.5 

VO=l.4V, VIC = 0 V, 25·C 230 2000 
TLC272BC 

RS = 50 D, RL = 10 kD Full range 3000 

Vo = l.4V, VIC = 0 V, 25·C 200 500 
TLC277C 

RS = 50 D, RL = 10 kD Full range 1500 
Average temperature coefficient 25·C to 

"VIO of input offset voltage 70·C 
1.8 

110 Input offset current (see Note 4) Vo = 2.5 V, 
25·C 0.1 

VIC = 2.5 V 
70·C 7 300 

liB Input bias current (see Note 4) Vo = 2.5 V, VIC = 2.5 V 
25·C 0.6 

70·C 40 600 

-0.2 -0.3 

25·C to to 

Common-mode input 4 4.2 
VICR voltage range (see Note 5) -0.2 

Full range to 

3.5 
25·C 3.2 3.8 

VOH High-level output voltage VID = 100 mV, RL = 10 kD O·C 3 3.8 
70·C 3 3.8 
25·C 0 50 

VOL Low-level output voltage VID = -100 mV, IOL = 0 O·C 0 50 

70·e 0 50 
25·C 5 23 

AVO 
Large-signal differential 

Vo = 0.25 V to 2 V, RL = 10 kD O·C 4 27 
voltage amplification 

70·C 4 20 

25·C 65 80 

CMRR Common-mode rejection ratio VIC = VICR min O·C 60 84 

70·C 60 85 

Supply-voltage rejection ratio 
25·C 65 95 

kSVR VOO = 5 V to 10 V, Vo = 1.4 V O·C 60 94 
(AVOO/AVIO) 

70·C 60 96 

Supply current 
25·C 1.4 3.2 

100 
Vo = 2.5 V, VIC = 2.5 V, 

O·C 1.6 3.6 
(two amplifiers) No load 

70·C 1.2 2.6 

t Full range is O·C to 70 ·C. 
NOTES: 4. The typical values of input bias current and input oftset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC272C, TLC272AC, TLC272BC, TLC277C 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. VOO - 10 V (unless otherwise noted) 

o 
'C 
CD ... 
I» ... 
0" 
::::I 
at 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC272C 
Vo = 1.4 V. VIC = 0 V. 25°C 1.1 10 

RS = 50 II. RL = 10 kll Full range 12 

TLC272AC 
Va = 1.4 V. VIC = 0 V. 25°C 0.9 5 

Input offset voltage 
RS = 50 II. RL = 10 kll Full range 6.5 

Via 
Va = 1.4 V. VIC =' 0 V. 25°C 290 2000 

TLC272BC 
3000 RS = 50 II. RL = 10 kll Full range 

TLC277C 
Va = 1.4 V. VIC = 0 V. 25°C 250 800 

RS = 50 II. RL = 10 kll Full range 1900 

Average temperature coefficient 25°C to 
aVIO 2 

of input offset voltage 70°C 

110 Input offset current (see Note 4) Va = 5 V. 
25°C 0.1 

VIC = 5 V 
70°C 7 300 

liB Input bias current (see Note 4) Va = 5 V. VIC = 5 V 
25°C 0.7 

70°C 50 600 

-0.2 -0.3 

25°C to to 

Common-mode input 9 9.2 
VICR voltage range (see Note 5) -0.2 

Full range to 

B.5 

25°C 8 8.5 

VOH High-level output voltage VID = 100 mY. RL = 10kll OoC 7.8 8.5 

70°C 7.8 8.4 

25°C 0 50 

VOL Low-level output voltage VID = -100 mY. 10L = 0 O°C 0 50 

70°C 0 50 

25°C 10 36 

AVO 
Large-signal differential 

Va = 1 V to 6 V. RL = 10 kll OoC 7.5 42 
voltage amplification 

70°C 7.5 32 

25°C 65 85 

CMRR Common-mode rejection ratio VIC = VICR min OoC 60 88 

70°C 60 88 

25°C 65 95 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V. VO=l.4V OoC 60 94 
(L.vDO/~VIO) 

70°C 60 96 

25°C 1.9 4 

IDD 
Supply current Va = 5 V. VIC = 5 V. OoC 2.3 4.4 
(two amplifiers) No load 

70°C 1.6 3.4 

t Full range is OoC to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC272M, TLC277M 
LinCMOS"" PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics, VOO .. 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 3.6 

VIPP = 1 V -55°C 4.7 
RL = 10 kll. 

125°C 2.3 
SR Slew rate at unity gain CL = 20 pF. VI"" 25°C 2.9 

See Figure 1 
VIPP = 2.5 V -55°C 3.7 

125°C 2 

Vn Equivalent input noise voltage 
f - 1 kHz. 

See Figure 2 
RS - 100 Il. 

25°C 25 nV/$. 

25°C 320 

BaM Maximum output swing bandwidth 
Va = VOH. CL = 20 pF. 

-55°C 400 kHz 
RL = 10 kll. See Figure 1 

125°C 230 
25°C 1.7 

B1 Unity-gain bandwidth 
Vi = 10mV. CL = 20 pF. 

-55°C 2.9 MHz 
See Figure 3 

125°C 1.1 

25°C 46° 

tf>m Phase margin 
Vi = 10 mY. f = B1. 

-55°C 49° 
CL = 20 pF. See Figure 3 

125°C 41° 

operating characteristics, VOO = 10 V 

, PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 5.3 

VIPP = 1 V -55°C 7.1 
RL = 10 kll. 

125°C 3.1 
SR Slew rate at unity gain CL = 20 pF. VII's 

25°C 4.6 
See Figure 1 

VIPP = 5.5 V -55°C 6.1 

125°C 2.7 

Vn Equivalent input noise voltage 
f = 1 kHz. 
See Figure 2 

RS = 100 Il. 
25°C 25 nV/$. 

25°C 200 

BaM Maximum output swing bandWidth Va = VOH. CL = 20 pF. 
-55°C 280 kHz 

RL = 10 kll. See Figure 1 
125°C 110 

25°C 2.2 

B1 Unity-gain bandwidth 
Vi = 10 mY. CL = 20 pF. 

-55°C 3.4 MHz 
See Figure 3 

125°C 1.6 

25°C 49° 

tf>m Phase margin 
Vi = 10 mY. f = B1. 

-55°C 52° 
CL = 20 pF. See Figure 3 

125°C 44° 
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TLC2721, TLC272AI, TLC272BI, TLC2771 
linCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics, VOO - 5 V 

PARAMETER TEST CONDITIONS 

AL = 10 kll. 
VIPP = 1 V 

SA Slew rate at unity gain CL = 20 pF. 

See Figure 1 
VIPP = 2.5 V 

Vn Equivalent input noise voltage 
f=lkHz. AS = 10011. 
See Figure 2 

BOM Maximum output swing bandwidth 
Vo = VOH. CL = 20 pF. 

AL = 10 kll. See Figure 1 

Vi = 10 mV. CL = 20 pF. 
Bl Unity-gain bandwidth 

See Figure 3 

<l>m Phase margin 
Vi = 10 mV. f = Bl. 
CL = 20 pF. See Figure 3 

operating characteristics, VOO - 10 V 

PARAMETER TEST CONDITIONS 

RL = 10 kll. 
VIPP = I V 

SA Slew rate at unity gain CL = 20 pF. 
See Figure I 

VIPP = 5.5 V 

Vn Equivalent input noise voltage 
f = I kHz. AS=1001l. 
See Figure 2 

BOM Maximum output swing bandwidth 
Vo = VOH. CL = 20 pF. 
AL = 10 kll. See Figure 1 

Vi = 10 mV. 
Bl Unity-gain bandwidth 

CL = 20 pF. 

See Figure 3 

<l>m Phase margin 
Vi = 10 mV. f = Bl. 
CL = 20 pF. See Figure 3 
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TA MIN TYP MAX UNIT 

25°C 3.6 

-40 DC 4.5 

86°C 2.8 
V/~s 

26 DC 2.9 

-40°C 3.5 

85°C 2.3 

25°C 25 nV/$. 

25°C 320 

-40 DC 380 kHz 

85°C 250 

25 DC 1.7 
-40 DC 2.6 MHz 

85°C 1.2 

25°C 46° 
·_40DC 49° 

85°C 43 D 

TA MIN TYP MAX UNIT 

25 DC 5.3 

-40 DC 6.8 

85°C 4 
25 DC 

V/~s 
4.6 

-40 DC 5.8 

85 DC 3.5 

25 DC 25 nV/$. 

25°C 200 

-40 DC 260 kHz 

85 DC 130 

25 DC 2.2 
-40 DC 3.1 MHz 

85 DC 1.7 

25°C 49 D 

-40 DC 52° 

85°C 46 D 



TLC272C, TLC272AC, TLC272BC, TLC277C 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics. VOO - 5 V 

PARAMETER TEST CONDmONs TAt MIN TYP MAX UNIT 

25°C 3.6 

VIPP = 1 V OOC 4 
RL = 10kO, 

7QoC 3 
SR Slew rate at unity gain CL = 20 pF, VI".. 

25°C 2.9 
See Figure 1 

VIPP = 2.5 V ooe 3.1 

70°C 2.5 

Vn Equivalent input noise voltage 
f=lkHz, 

See Figure 2 
RS = 100 0, 

25°C 25 nV/$. 

25°C 320 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

OOC 340 kHz 
~L = 10 kO, See Figure 1 

70°C 260 

Vi = 10 mV, 
25°C 1.7 

Bl Unity-gain bandwidth 
CL = 20 pF, 

OOC 2 MHz 
See Figure 3 

70°C 1.3 

Vi = 10 mV, 
25°C 46° 

.pm Phase margin 
f = Bl, OOC 47° 

SL = 20 pF, See Figure 3 
70°C 43° 

operating characteristics. VOO .. 10 V 

PARAMETER Tl:ST CONDITIONS TAt MIN TYP MAX UNIT 

25°C 5.3 

VIPP = 1 V OOC 5.9 
RL = 10 kO, 

70°C 4.3 
SR Slew rate at unity gain CL = 20 pF, VI".. 

See Figure 1 
25°C 4.6 

VIPP = 5.5 V OOC 5.1 

70°C 3.8 

Vn Equivalent input noise voltage 
f = 1 kt"'z, 
See Figure 2 

RS = 1000, 
25°C 25 nV/$. 

- 25°C 200 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

OOC 220 kHz 
RL = 10 kO, See Figure 1 

70°C 140 

25°C 2.2 

Bl Unity-gain bandwidth 
Vi = 10 mV, CL = 20 pF, 

OOC 2.5 MHz 
See Figure 3 

70°C 1.8 

25°C 49° 

.pm Phase margin 
Vi = 10 mV. f = B,. 

O°C 50° 
CL = 20 pF, See Figure 3 

70°C 46° 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOS11I PRECISION DUAL OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

single-supply versus split-supply test circuits 

Because the TLC272 and TLC277 are 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 will give the same result. 

Vo Vo 
VI 

RL 
VI 

RL 

Voo-

(a) SIngle-Supply (b) Spilt-Supply 

FIGURE 1. UNITY-GAIN AMPLIFIER 

10 kll 10 kll 

VOO+ 

112 VDD Vo Vo 

100 II 

'=' 

(a) Single-Supply (b) SpOt-Supply 

FIGURE 2. NOISE TEST CIRCUIT 

10 kll 10 kll 

100 II 
VI VI 

Vo 
112 VOO 

CL 

VOO-

(a) Single-Supply (b) Spilt-Supply 

FIGURE 3. GAIN-OF·100 INVERTING AMPLIFIER 
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input bias current 

TLC272, TLC272A, TLC272B, TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Because of the high input impedance of the TLC272 and TLC277 op amps, attempts to measure the input 
bias current can result in erroneous readings. The bias current at normal room 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: 

1. Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 

2. 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. 

One word of caution ... many automatic testers as well as some bench-top op amp 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 

0000 

a a a a 
-- 4 

FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(JG AND P DUAL-IN-LiNE-PACKAGE) 

low-level output voltage 

To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output 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 Figures 14 through 19 in the Typical Characteristics 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 will result 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. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 
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TLC272, TLC272A, TLC272B, TLC217 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

full-power response 

Full-power response, the frequency' above which the op amp slew rate limits the output voltage swing, 
is often specified two ways ... full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level. of the output while increasing the frequency of a 
sinusoidal input signal until the maximum frequency il! fQund 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 1. 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 lIiril,!soidal 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 ml;lintained (Figure 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 

FlJ1 A Jl 
(a) f - 1 kHz (b) BOM>f>1kHz (e) f - BaM (d) f> BaM 

FIGURE 5. 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. 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLC272 DISTRIBUTION OF TLC272 
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE 

60 

753 Amplifiers 753 Amplifiers tested from 6 wafer lots 

VOO - 5 V VOO - 10 V 

TA - 25°C 
50 TA - 25°C 

'#. P Package 

I 
40 ·i 

;:) 

C 30 
II 

'" E 
II 20 
~ 
IL 

10 r---+--+-+-1 

OL.-...I.-o __ _ 

-5 -4 -3 -2 -1 0 2 3 4 5 -5 -4 -3 -2 -1 0 2 3 4 5 
V,o-Input Offset Voltage-mV 

FIGURE 6 

DISTRIBUTION OF TLC272 AND TLC277 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

324 Amplifiers tested 

VOO - 5 V 
TA - 25°C to 125°C 
P Package 

V,o-Input Offset Voltage-mV 

FIGURE 7 

DISTRIBUTION OF TLC272 AND TLC277 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

324 Amplifiers tested from 8 wafer lots 
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> 
I .. 
III 

i 
> 
~ 

5 
0 
li 
~ ... 
J: 
~ 
I 
:r:: 
0 
> 

16 

> 14 I 

" III 
11 12 
0 
> 
~ 10 

5 
0 8 
a; 
> 
~ 6 
J: 
'" J: 4 I 
:r:: 
0 

2 > 

o 

TYPICAL CHARACTERISTICSt 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

5r---~----~----~--~----~ 

4 -- IVIO - 100 mV 
TA - 25°C ---- ---- --l--
VOO - 5 V 

1 -- - -

O~--~----~----~--~----~ o -2 -4 -6 -8 
IOH-Hlgh-Level Output Current-mA 

FIGURE 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VID - 100 mV 
r-RL = 10 kll 

/ TA = 25°C 

/ 
/ 

/ 

// 

/ 
/ 

-10 

o 2 4 6 8 10 12 14 16 
VOO-Supply Voltage-V 

FIGURE 12 

> 
I .. 
III 

i 
> 
~ 
5-
::I 
0 
li 
> .. ... 
J: 
.2' :r:: 
I 
:r:: 
0 
> 

16 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

_~_ -J VIO - 100 mV 
~ -.......... 

---- TA - 25°C 

~ 
VOO - 16 V 
~---- --f---

1--- ----- I-- '-..... 
"'-. 

i'--... =-~ -- -----

"'" '" VOO - 10 V 
----- ---

...... " 
----- --1---- --

o 
o 

VOO-1.6 

VOO-1.7 

VOO-1.8 

VOO-1.9 

VOO-2.0 

VOO-2.1 

VOO-2.2 

VOO-2.3 

--- --

-10 -20 -30 
10H-High-Level Output Current-mA 

FIGURE 11 

-40 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I 
IOH - -5mA 

............ ~6o - 5V 
VIO - 100 mV 

--- -

""" ......... ----- ~----- -

~ 
-t---'-..... "-

VOO - 10V ............ ~ ........ 

~ ----- ---- ---'--

............ 
!'-.... --

"" ---~-.-- -------- ._-_._-

VOO-2.4 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature- °C 

FIGURE 13 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOSTN PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 17 

tOats at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC272. TLC272A. TLC272B. TLC277 
LinCMOSlM PRECISION DUAL OPEATIONAL AMPLIFIERS 

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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TLC272, TLC272A, TLC272B, TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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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. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOSTN PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC212, TLC212A, TLC212B, TLC217 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 33 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC272, TLC272A,TLC272B, TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

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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single-supply operation 

TLC272, TLC272A, TLC272B, TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

While the TLC272 and TLC277 perform well using dual power supplies (also called balanced or split 
supplies). the design is optimized for single-supply operation. This design 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 3 V (C-suffix typesl. thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however. for maximum dynamic range. 16-V single-supply 
operation is recommended. 

Many single-supply applications require that a voltage be applied to one input to establish a reference level 2 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 381. The low input bias current of the TLC272 and TLC277 permits the use of very large resistive 
values to implement the voltage divider. thus minimizing power consumption. 

The TLC272 and TLC277 work 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: 

1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however. high-frequency applications may require RC decoupling. 

Voo 

Vo 

R3 
VREF - Voo Rl + R3 

FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 

(a) Common Supply Rails 

(b) Separate Bypassed Supply Rails (preferred) 

FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

input characteristics 

The TlC272 and TlC277 are 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. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at VOD -1 Vat T A = 25°C and at VDD -1.5 V at all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TlC272 and TlC277 
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 
apolysilicon 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 /-IV/month, 
including the first month of operation. 

Because of the extremely high input impedance and resulting low bias current requirements, the TlC272 
and TlC277 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 a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 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 40). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 

noise performance 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TlC272 and TlC277 result in a very low noise 
current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kll, since bipolar devices exhibit 
greater noise currents. 

v,=st>L 
la} Noninverting Amplifier Ib} Inverting Amplifier Ie} Unity-Gain Amplifier 

FIGURE 40. GUARD-RING SCHEMES 

output characteristics 

The output stage of the TlC272 and TlC277 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. 

All operating characteristics of the TlC272 and TlC277 were measured using a 20-pF load. The devices 
will drive 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 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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TLC272. TLC272A. TLC272B. TLC277 
LinCMOS"" PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

lal CL - 20 pF. RL - No load 

leI CL - 150 pF. RL - No load 

Ibl CL - 130 pF. RL - No load 

-2.5 V 

Idl Test Circuit 

TA - 25°C 
f - 1 kHz 

VIPP - 1 V 

FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 

Although the TLC272 and TLC277 possess excellent high-level output voltage and current capability. 
methods for boosting this capability are available. if needed. The simplest method involves the use of a 
pullup resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First. the NMOS pull-down 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 11 and 180 11. depending on how hard the op amp input is 
driven. With very low values of Rp. a voltage offset from 0 V at the output will occur. Second. pullup 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 

feedback 

Op amp circuits nearly always employ feedback. and since feedback is the first prerequisite for oscillation. 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) 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. 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

Voo 

Rp _ Voo-Vo 
IF+IL+lp 

Ip - PuHup current required by 

the op amp (typically 500 ,.AI 

FIGURE 42. RESISTIVE PULLUP TO INCREASE VOH 

electrostatic discharge protection 

c 

FIGURE 43. COMPENSATION FOR 
INPUT CAPACITANCE 

The TLC272 and TLC277 incorporate an internal electrostatic discharge (ESO) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STO-883C, 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. 

latch up 

Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC272 
and TLC277 inputs and outputs were designed to withstand -1 OO-mA surge currents without sustaining 
latch up; however, techniques should be used to reduce the chance of latchup 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 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 p.F typical) 
located across the supply rails as close to the device as possible. 

The current path established if latchup 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 latchup 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 latchup occurring increases with increasing temperature and supply voltages. 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

10 klJ 

0.016 "F 0.016 "F 

LOW PASS 

'---------+-------- HIGH PASS 

~~~------~~---------~--------BANDPASS 
R - 5 klJ (3/d-1). 

(see Not. A) 

NOTES: A. d = damping factor. 1/Q 
B. Normalized to 10 klJ and f c = 1 kHz 

FIGURE 44, STATE VARIABLE FILTER 

12 V 

FIGURE 45. POSITIVE-PEAK DETECTOR 

">-+-+-VO 

100 klJ 

• 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

VI l.ee~'-_______ --4'-__ -""-4I~_-4I~ ______ -' 
Not. A) 

1.2 kll 100 kll 0.47 p.F 

TL431 20 kll~""""~~-I 
TIP31 

1 kll 

1511 
TIS193 ......... """ ..... --.... -I 

250 p.F, 
25V *,_ 

10 kll 

47 kll 

22 kll 

NOTES: A. VI = 3.5 to 15 V 
B. Vo = 2.0 V, 0 to 1 A 

FIGURE 46. LOGIC ARRAY POWER SUPPLY 

Vo I ••• Not. A) 

9V 

10 kll 9V 

10 kll 

NOTES: A. VOPP = B V 
B. VOPP = 4 V 

..ru 
0.1 p.F 

"">-..... _Vo I ... Not. B) 

/'V 
47 kll fO - 4CI~2) ~iJ 

R3 

FIGURE 47. SINGLE-SUPPLY FUNCTION GENERATOR 
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TLC272, TLC272A, TLC272B, TLC277 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

+6 V 

10 hll 100 kll 

'"> .......... -VO 

10 hll 

R1,10 hll 
10 kll 96 hll (s •• Note A) 

-6V 

NOTE A: CMRR adjustment (must be noninductive). 

FIGURE 48. LOW-POWER INSTRUMENTATION AMPLIFIER 

R 
10 mil 

~:'h 
~I 
C C 

270 pF 270 pF 

'NOTCH __ 1 
2 .. RC 

Vo 

FIGURE 49. SINGLE-SUPPLY TWIN-T NOTCH FILTER 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

• Trimmed Offset Voltage: 
TLC279 ... 900 p.V Max at 25°C. 
VDD - 5 V 

• Input Offset Voltage Drift ... Typically 
0.1 p.V/Month. Including the First 30 Days 

• Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55°C to 125°C ... 4 V to 16 V 
-40°C to 85°C ... 4 V to 16 V 

OOC to 70°C' ... 3 V to 16 V 

• Single-Supply Operation 

• Common-Mode Input Voltage Range 
Extends 8elow the Negative Rail IC-Suffix. 
I-Suffix types) 

• Low Noise ... Typically 25 nV/JHi 
atf - 1 kHz 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance ... 1012 (l Typical 

• ESD-Protection Circuitry 

• Small-Outline Package Option Also Available 
in Tape and Reel 

• Designed-In Latchup Immunity 

AVAILABLE OPTIONS 

Vlomax 
PACKAGE 

SMALL CHIP CERAMIC 
TA at 

OUTLINE CARRIER DIP 
25·C 

(01 (FK) (J) 

O·C 
900 IN TLC279CD - r-LC279CJ 

2 mV TLC274BCD - r-LC274BCJ 
to 

TLC274ACD r-LC274ACJ 
70·C 

5 mV -
10 mV TLC274CD - r-LC274CJ 

-40·C 
900 ~V TLC2791D - r-LC2791J 

2 mV TLC274BID - rrLC274BIJ 
to 

TLC274AID r-LC274AIJ 5 mV -
85·C 

10 mV TLC2741D r-LC2741J -
-55·C 900 ~V - TLC279MFK r-LC279MJ 

to 
125°C 10mV - TLC274MFK r-LC274MJ 

PLASTIC 

DIP 
(N) 

TLC279CN 

TLC274BCN 

TLC274ACN 

TLC274CN 

TLC2791N 

TLC274BIN 

TLC274AIN 

TLC2741N 

-
-

The 0 package is available in tape and reel. Add R suffix to the device type (e.g., 
TLC279CDR). 

LinCMOS is a trademark of Texas Instruments Incorporated 

03141, SEPTEMBER 1987-REVISEO AUGUST 1988 

D. J. OR N PACKAGE 

ITOPVIEWI 

lOUT 
l1N-
l1N+ 

VDD 
21N+ 
21N-
2 OUT 

FK PACKAGE 

ITOP VIEWI 

I~ ~I 
~OUO~ 
~~Z ...... 

3 2 1 20 19 

4 OUT 
41N-
41N+ 
GND 
31N+ 
31N-
3 OUT 

l1N+ 
NC 

VDD 
NC 

21N+ 

4 18 

5 17 

6 16 

15 

8 14 

9 1011 1213 

II-UI- I 
~6Z6~ 
NN ('f)('I') 

NC -No internal connection 

25 

"l-
I 
.~ 20 
~ 

DISTRIBUTION OF TLC279 
INPUT OFFSET VOLTAGE 

b 15 1--+-+---+ 

t 
Ii 10 1---+-----1f--

l 
5 )---t---~r--

Vlo-lnput Off •• t Voltage-,.V 

Copyright @ 1987, Texas Instruments Incorporated 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOSlM PRECISION QUAD OPERATIONAL AMPLIFIERS 

description 

The TLC274 and TLC279 quad operational amplifiers combine a wide range of input offset voltage grades 
with low offset voltage drift, high input impedance, low noise, and speeds approaching that of general­
purpose BiFET devices. 

These devices use Texas Instruments silicon-gate LinCMOS" technology, which provides offset voltage 
stability far exceeding the stability available with conventional metal-gate processes. 

The extremely high input impedance, low bias currents, and high slew rates make these cost-effective 
devices ideal for applications which have previously been reserved for BiFET and NFET products. Four offset 
voltage grades are available (C-suffix and I-suffix types). ranging from the low-cost TLC274 (10 mV) to 
the high-precision TLC279 (900 IN). These advantages, in combination with good common-mode rejection 
and supply voltage rejection, make these devices a good choice for new state-of-the-art designs as well 
as for upgrading existing designs. 

In general, many features associated with bipolar technology are available on LinCMOS" operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC274 and TLC279. The devices also exhibit low voltage single-supply operation, making them 
ideally suited for"remote and inaccessible battery-powered applications. The common-mode input voltage 
range includes the negative reil. 

A wide range of packaging options is available, including small-outline and chip carrier versions for high­
density system applications. 

The device inputs and outputs are designed to withstand - 100-mA surge currents without sustaining 
latchup. 

The TLC274 and TLC279 incorporate internal ESD-protection circuits that prevent functional failures at 
voltages up to 2000 Vas 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. 

M-suffix devices are characterized for operation over the full military temperature range of - 55°C 
to 125°C. I-suffix devices are characterized for operation from -40°C to 85°C, and C-suffix devices 
are characterized for operation from OOC to 70°C. 
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TlC274, TLC274A, TlC2748, TlC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

equivalent schematic (each amplifier) 

VDD 

R1 

IN-, ............ ___ -+t 

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

GND 

P5 P6 

~f__--l-----I-OUT 

N6 

R7 

N7 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage range, VI (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VDD 
Input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 mA 
Output current, 10 (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Total current into VOD terminal .............................................. 45 mA 
Total current out of ground terminal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 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, T A: M-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

I-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 
C-suffix ................................ OOC to 70°C 

Storage temperature range ......................................... - 65°C to 1 50°C 
Case temperature for 60 seconds: FK package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

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 Isee application section). 

DISSIPATION RATING TABLE 

PACKAGE 
TA:S 25·C DERATING FACTOR TA - 70·C TA - 85·C 

POWER RATING ABOVE TA - 2S·C POWER RATING POWER RATING 

D 950 mW 7.6 mW/oC 608mW 494mW 

FK 1375 mW 11 mW/oC 880mW 715 mW 

J IM·suffix) 1375 mW 11 mW/oC 880 mW 715 mW 

J IC·, I-suffix) 1025 mW 8.2 mW/oC 656 mW 533 mW 

N 1575 mW 12.6 mW/·C 1008 mW 819mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN 

Supply voltage, VDD 4 16 4 16 3 

I VDD = 5 V 0 3.5 -0.2 3.5 -0.2 
Common-mode input voltage, VIC I VDD _ 10 V 

0 8.5 -0.2 8.5 -0.2 

Operating free-air temperature, T A -55 125 -40 85 0 

TA - 125·C 
POWER RATING 

275 mW 

275 mW 

C-SUFFIX 

NOM MAX 

16 

3.5 

8.5 

70 

UNIT 

V 

V 

°C 
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TLC274M, TLC279M 
LinCMOS"" PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC274M 
Vo = 1.4 V. VIC = 0 V. 25°C 1.1 10 

RS = 50 Il. RL = 10 kll Full range 12 
VIO Input offset voltage 

Vo = 1.4V. VIC - 0 V. 25°C 320 900 
TLC279M 

RL = 10 kll 3750 RS = 50 Il. Full range 
Average temperature coefficient 25°C to 

"'via 2.1 
of input offset voltage 125°C 

110 Input offset current (see Note 4) Va = 2.5 V. VIC = 2.5 V 
25°C 0.1 

125°C 1.4 15 

liB Input bias current (see Note 4) Va = 2.5 V. VIC = 2.5 V 
25°C 0.6 

125°C 9 3S' 

0 -0.3 

25°C to to 

Common·mode input 4 4.2 
VICR voltage range (see Note 5) 0 

Full range to 

3.5 

25°C 3.2 3.8 

VOH High-level output voltage VIO = 100 mY. RL = 10 kll -55°C 3 3.8 

125°C 3 3.8 

25°C 0 50 

VOL Low-level output voltage VID = -100 mY. 10L = 0 -55°C 0 50 

125°C 0 50 

25°C 5 23 

AVO 
large-signal differential 

Va = 0.25 V to 2 V. RL = 10 kIl -55°C 3.5 35 
voltage amplification 

125°C 3.5 16 

25°C 65 80 

CMRR Common-mode rejection ratio VIC = VICR min -55°C 60 81 

125°C 60 84 

25°C 65 95 

kSVR 
Supply-voltage rejection ratio 

VOD = 5 V to 10 V. Va = 1.4V -55°C 60 90 
(aVoO/aVIO) 

125°C 60 97 

25°C 2.7 6.4 

100 
Supply current Va = 2.5 V. VIC = 2.5 V. 

-55°C 4 10 
(four amplifiers) No load 

125°C 1.9 4.4 

t Full range is - 55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 

UNIT 

mV 

~V 

~V/oc 

pA 

nA 
pA 

nA 

V 

V 

V 

mV 

V/mV 

dB 

dB 

mA 

PI 
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TLC274M, TLC279M 
linCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo - 10 V (unless otherwise noted) 
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PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC274M 
Vo = 1.4 V, VIC = 0 V, 25°C 1.1 10 

RS = 50 D, RL = 10 kD Full range 12 
VIO Input offset voltage 

Vo = 1.4V, VIC = 0 V, 25°C 370 1200 
TLC279M 

RS = 50 D, RL = 10 kD Full range 4300 
Average temperature coefficient 25°C to 

2.2 "'VIO of input offset voltage 125°C 

110 Input offset current (see Note 4) Vo = 5 V, VIC = 5 V 
25°C 0.1 

125°C 1.8 15 

118 Input bias current (see Note 4) Vo = 5 V, VIC = 5 V 
25°C 0.7 

125°C 10 35 
0 -0.3 

25°C to to 

VICR 
Common-mode input 9 9.2 
voltage range (see Note 5) 0 

Full range to 
8.5 

25°C 8 8.5 

VOH High-level output voltage VIO = 100 mV, RL = 10 kD -55°C 7.8 8.5 

125°C 7.8 8.4 

25°C 0 50 

VOL low-level output voltage VIO = -100 mV, 10l = 0 -55°C 0 60 
125°C 0 50 

large-signal differential 
25°C 10 36 

AVD Vo = 1 V to 6 V, Rl = 10 kD -55°C 7 50 
voltage amplification 

125°C 7 27 

25°C 65 85 

CMRR Common-mode rejection ratio VIC = VICR min -55°C 60 87 

125°C 60 86 

Supply-voltage rejection ratio 
26°C 66 95 

kSVR VOO = 5 V to 10 V, Vo = 1.4 V -66°C 60 90 
(aVOO/aVIO) 

126°C 60 97 

Supply current Vo = 5 V, VIC = 5 V, 
25°C 3.8 8 

IDO -55°C 6.0 12 
(four amplifiers) No load 

125°C 2.5 5.6 

t Full range is -55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 6 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC2741. TLC274AI. TLC274BI. TLC2791 
LinCMOS" PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TVP MAX 

TLC2741 
Vo = 1.4 V. V'C = 0 V. 26°C 1.1 10 

RS = 601l. RL = 10 kll Full range 13 

TLC274AI 
Vo = 1.4V. V'C = 0 V. 26°C 0.9 5 
RS = 60 Il. RL = 10 kll Full range 7 

V,O Input offsat voltage 
VO-l.4V. V'C = 0 V. 26°C 340 2000 

TLC274BI 
RS = 60 Il. RL = 10 kll Full range 3500 

Vo = 1.4V. V'C = 0 V. 25°C 320 900 
TLC2791 

RS = 601l. RL = 10 kll Full range 2000 
Avarage temparatura coefficient 26°C to 

1.8 "'VIO of input offset voltage 86°C 

',0 Input offset current (see Note 4) Vo = 2.6 V. V'C = 2.5 V 
26°C 0.1 
86°C 24 1000 

liB Input bias current (see Note 4) Vo = 2.6 V. V'C = 2.6 V 
26°C 0.6 
85°C 200 2000 

-0.2 -0.3 

25°C to to 

V,CR 
Common-mode Input 4 4.2 
voltage range (see Note 5) -0.2 

Full range to 
3.5 

25°C 3.2 3.8 

VOH High-level output voltage V,O = 100 mV. RL = 10 kll -40°C 3 3.8 
85°C 3 3.8 
25°C 0 50 

VOL Low-level output voltage V,O = -100 mV. IOL = 0 -40°C 0 60 
85°C 0 50 

large-signal differential 
26°C 6 23 

AVO Vo = 0.25 V to 2 V. RL = 10 kll -40°C 3.5 32 
voltage amplification 

86°C 3.6 19 
25°C 65 80 

CMRR Common-mode rejection ratio V'C = V,CR min -40°C 60 81 
86°C 60 86 

Supply-voltege rejection ratio 
25°C 65 96 

kSVR VOO = 6 V to 10 V. VO=I.4V -40°C 60 92 
(4VOO/4V,O) 

86°C 60 96 

Supply current Vo = 2.6 V. V'C = 2.6 V. 
26°C 2.7 6.4 

100 -40°C 3.8 8.8 
(four amplifiers) No load 

85°C 2.1 4.8 

t Full range Is -40°C to 86°C. 
NOTES: 4. The typical values of Input bias current and Input offset current below 6 pA were determined mathematically. 

6. This range also applies to each Input Individually. 
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TLC2741, nC274AI, TLC274BI, TLC2791 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo - 10 V (unless otherwise noted) 
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PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

Va - 1.4 V, VIC = 0 V, 25 DC 1.1 10 
TLC2741 

RS = 5011, RL = 10 kll Full range 13 

Va = 1.4 V, VIC = 0 V, 25 DC 0.9 5 
TLC274AI 

RL = 10 kll Full range RS = 50 II, 7 
Via Input offset voltage 

Vo = lAV, VIC = 0 V, 25 DC 390 2000 
TLC274BI 

3500 RS = 5011, RL = 10 kll Full range 

Va = 1.4 V, VIC = 0 V, 25 DC 370 1200 
TLC2791 

RS = 5011, RL = 10kll Full range 2900 

Average temperature coefficient 25 DC to 
2 "'via of input offset voltage 85°C 

110 Input offset current (see Note 4) Va = 5 V, VIC = 5 V 
25 DC 0.1 

85 DC 26 1000 

Input bias current (see Note 4) Va = 5 V, VIC = 5 V 
25 DC 0.7 

liB 
85 DC 220 2000 

-0.2 -0.3 

25 DC to to 

Common-mode input 9 9.2 
VICR voltage range (see Note 5) -0.2 

Full range to 

8.5 

25 DC 8 8.5 

VOH High-level output voltage VIO = 100 mY, RL = 10kll _40DC 7.8 8.5 

85 DC 7.8 8.p 
25 DC 0 50 

VOL Low-level output voltage VIO = -100 mY, 10L = 0 _40DC 0 50 

85 DC 0 50 

25 DC 10 36 

AVO 
Large-signal differential 

Va = 1 V to 6 V, RL = 10 kll _40DC 7 4~ 
voltage amplification 

85°C 7 31 

25°C 65 86 

CMRR Common-mode rejection ratio VIC = VICR min -40 DC 60 87 

85 DC 60 88 

25 DC 65 95 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, VO=1.4V _40DC 60 92 
(dVOD/dVIO) 

85 DC 60 96 

25 DC 3.8 8 

100 
Supply current Va = 5 V, VIC = 5 V, _40DC 5.5 10 
(four amplifiers) No load 

85 DC 2.9 6.4 

t Full range is _40DC to 85 DC. 
NOTES: 4. The typical values of input bias current end input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC274C, TLC274AC, TLC274BC, TLC279C 
LinCMOS"" PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo .. 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC274C 
Va = 1.4 V, VIC = 0 V, 25°C 1.1 10 

RS = 50 U, RL = 10 kU Full range 12 

Va = 1.4 V, VIC = 0 V, 25°C 0.9 5 
TLC274AC 

RS = 50 U, 6.5 RL = 10 kU Full range 
Via Input offset voltage 

Va = 1.4 V, VIC = 0 V, 25°C 340 2000 
TLC274BC 

RS = 50 U, RL = 10kU Full range 3000 

Va = 1.4 V, VIC = 0 V, 25°C 320 900 
TLC279C 

RS = 50 U, RL = 10 kU Full range 1500 

Average temperature coefficient 25°C to 
1.8 "'via of input offset voltage 70°C 

110 Input offset current (see Note 4) Va = 2.5 V, VIC = 2.5 V 
25°C 0.1 

70°C 7 300 

liB Input bias current (see Note 4) Va = 2.5 V, VIC = 2.5 V 
25°C 0.6 

70°C 40 600 

-0.2 -0.3 

25°C to to 

Common-mode input 4 4.2 
VICR voltage range (see Note 51 -0.2 

Full range to 

3.5 

25°C 3.2 3.8 

VOH High-level output voltage VID = 100 mY, RL = 10 kU OoC 3 3.8 

70°C 3 3.8 

25°C a 50 

VOL Low-level output voltage VIO = -100 mY, 10L = 0 O°C a 50 

70°C 0 50 

25°C 5 23 

AVO 
Large-signal differential 

Va = 0.25 V to 2 V, RL = 10 kU O°C 4 27 
voltage amplification 

70°C 4 20 

25°C 65 80 

CMRR Common-mode rejection ratio VIC = VICR min O°C 60 84 

70°C 60 85 

25°C 65 95 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Va = 1.4 V O°C 60 94 
(.1VOO/.1VIO) 

70°C 60 96 

25°C 2.7 6.4 

100 
Supply current Va = 2.5 V, VIC = 2.5 V, 

O°C 3.1 7.2 
(four amplifiers) No load 

70°C 2.3 5.2 

t Full range is OOC to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC274C, TLC274AC, TLC274BC, TLC279C 
LinCMOSTM PRECISIONOUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo .. 10 V (unless otherwise noted) 

E 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC274C 
Vo = 1.4V. VIC = 0 V. 25°C 1.1 10 

RS = 50 Il. RL = 10 kll Full range 12 

TLC274AC 
Vo = 1.4V. VIC = 0 V. 25°C 0.9 5 

RS = 50 Il. RL = 10 kll Full range 6.5 
VIO Input offset voltage 

Vo - 1.4V. VIC - 0 V. 25°C 390 2000 
TLC274BC 

RS = 50 Il. RL = 10 kll Full range 3000 

TLC279C 
Vo = 1.4 V. VIC = 0 V. 25°C 370 1200 

RS = 50 Il. RL = 10 kIl Full range 1900 

Average temperature coefficient 25°C to 
"VIO 2 

of input offset voltage 70°C 

25°C 0.1 
110 Input offset current (see Note 4) Vo = 5 V. VIC = 5 V 

70°C 7 300 

liB Input bias current (see Note 4) Vo = 5 V. 
25°C 0.7 

VIC = 5 V 
70°C 50 600 

-0.2 -0.3 

25°C to to 

Common-mode input 9 9.2 
VICR voltage range (see Note 5) -0.2 

Full range to 

8.5 

25°C 8 8.5 

VOH High-level output voltage VID = 100 mV. RL = 10 kll ooC 7.8 8.5 

70°C 7.8 8.4 

25°C 0 50 

VOL Low-level output voltage VIO = -100 mV. 10L = 0 DoC 0 50 

70°C 0 50 

25°C 10 36 

AVO 
Large-signal differential 

Vo = 1 V to 6 V. RL = 10 kll ooC 7.5 42 
voltage amplification 

70°C 7.5 32 

25°C 65 85 

CMRR Common-mode rejection ratio VIC = VICR min ooC 60 88 

70°C 60 88 

25°C 65 95 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 1 Q. v. Vo = 1.4 V ooC 60 94 
(<lVDO/<lVIO) 

70°C 60 96 

25°C 3.8 8 

100 
Supply current Vo = 5 V. VIC = 5 V. DoC 4.5 8.8 
(four amplifiers) No load 

70°C 3.2 6.8 

t Full range is ooC to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC274M, TLC279M 
LinCMOS"" PRECISION QUAD OPERATIONAL AMPLIFIERS 

operating characteristics. VOO = 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 3.6 

VIPP = 1 V -55°C 4.7 
RL = 10 kll, 

125°C 2.3 
SR Slew rate at unity gain CL = 20 pF, 

25°C 2.9 
V/~s 

See Figure 1 
VIPP = 2.5 V -55°C 3.7 

125°C 2 

Vn Equivalent input noise voltage 
f = 1 kHz, 

See Figure 2 
RS = 10011, 

25°C 25 nV/$. 

25°C 320 

BaM Maximum output swing bandwidth 
Va = VOH, CL = 20 pF, 

-55°C 400 kHz 
RL = 10 kll, See Figure 1 

125°C 230 

25°C 1.7 

B1 Unity-gain bandwidth 
Vi = 10 mV, CL = 20 pF, 

-55°C 2.9 MHz 
See Figure 3 

125°C 1.1 

25°C 46° 

<Pm Phase margin 
Vi = 10 mV, f = B1, 

-55°C 49° 
CL = 20 pF, See Figure 3 

125°C 41° 

operating characteristics. VOO - 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 5.3 

VIPP = 1 V -55°C 7.1 
RL = 10 kll, 

125°C 3.1 
SR Slew rate at unity gain CL = 20 pF, V/~s 

25°C 4.6 
See Figure 1 

VIPP = 5.5 V -55°C 6.1 

125°C 2.7 

Vn Equivalent input noise voltage 
f - 1 kHz, 

See Figure 2 

RS - 10011, 
25°C 25 nV/$. 

25°C 200 

BaM Maximum output swing bandwidth 
Va = VOH, CL = 20 pF, 

-55°C 280 kHz 
RL = 10 kll, See Figure 1 

125°C 110 

25°C 2.2 

B1 Unity-gain bandwidth 
Vi = 10 mV, CL = 20 pF, 

-55°C 3.4 MHz 
See Figure 3 

125°C 1.6 

25°C 49° 

<Pm Phase margin 
Vi = 10 mV, f = B1, 

-55°C 52° 
CL = 20 pF, See Figure 3 

125°C 44° 
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TLC2741, TLC274AI, TLC274BI, TLC2791 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

operating characteristics. VOO - 5 V 

PARAMETER TEST CONDITIONS 

RL = 10 kO, 
VIPP = 1 V 

SR Slew rate at unity gain CL = 20 pF. 

See Figure 1 
VIPP = 2.5 V 

Vn Equivalent input noise voltage 
f - 1 kHz, RS - 100 0, 
See Figure 2 

80M Maximum output swing bandwidth 
Vo = VOH. CL = 20 pF, 

RL = 10 kO, See Figure 1 

CL = 20 pF, 
81 Unity-gain bandwidth 

Vi = 10mV, 
See Figure 3 

oi>m Phase margin 
Vi = 10mV, f = 81, 

CL = 20 pF, See Figure 3 

operating characteristics. VOO - 10 V 

PARAMETER TEST CONDITIONS 

RL = 10 kO, 
VIPP = 1 V 

SR Slew rate at unity gain CL = 20 pF, 
See Figure 1 

VIPP = 5.5 V 

Vn Equivalent input noise voltage 
f = 1 kHz, RS = 100 0, 
See Figure 2 

80M Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

RL = 10 kO, See Figure 1 

CL = 20 pF, 
81 Unity-gain bandwidth 

Vi = 10mV, 
See Figure 3 

oi>m Phase margin 
Vi = 10mV, f = 81, 
CL = 20 pF, See Figure 3 
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TA MIN TVP MAX UNIT 

25°C 3.6 

-40°C 4.5 

86°C 2.8 
V/psJ 

25°C 2.9 

-40°C 3.5 

85°C 2.3 

25°C 25 nV/$. 

25°C 320 

-40°C 380 kHz 

85°C 250 

25°C 1.7 

-40°C 2.6 MHz 

85°C 1.2 

25°C 46° 

-40°C 49° 

85°C 43° 

TA MIN TVP MAX UNIT 

25°C 5.3 

-40°C 6.7 

85°C 4 
25°C 4.6 

V/~s 

-40°C 5.8 

85°C 3.5 

25°C 25 nVI$. 

25°C 200 

-40°C 260 kHz 

85°C 130 

25°C 2.2 

-40°C 3.1 MHz 

85°C 1.7 

25°C 49° 

-40°C 52° 

85°C 46° 



TLC274C, TLC274AC, TLC274BC, TLC279C 
LinCMOSTM PR~CISION QUAD OPERATIONAL AMPLIFIERS 

operating characteristics. VOO - 5 V 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX UNIT 

25°C 3.6 

VIPP = 1 V OOC 4 
RL = 10 kll. 

70°C 3 
SR Slew rate at unity gain CL = 20 pF. 

25·C 2.9 
V/~s 

See Figure 1 
VIPP = 2.5 V OOC 3.1 

70°C 2.5 

Vn Equivalent input noise voltage 
f = 1 kHz. 

See Figure 2 

RS = 100 0. 
25°C 25 nV/$. 

'25°C 320 

BOM Maximum output swing bandwidth 
Vo = VOH. CL = 20 pF. 

OOC 340 kHz 
RL = 10 kll. See Figure 1 

70°C 260 

25°C 1.7 

Bl Unity-gain bandwidth 
Vi = 10 mV. CL = 20 pF. OOC 2 MHz 
See Figure 3 

70°C 1.3 

Vi = 10 mV. 
25°C 46° 

<Pm Phase margin 
f = Bl. OOC 47° 

CL = 20 pF. See Figure 3 
70·C 44· 

operating characteristics. VOO - 10 V 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX UNIT 

25°C 5.3 

VIPP = 1 V O·C 5.9 
RL = 10 kO. 

70°C 4.3 
SR Slew rate at unity gain CL = 20 pF. V/~ 

25·C 4.6 
See Figure 1 

VIPP = 5.5 V O·C 5.1 

70·C 3.8 

Vn Equivalent input noise voltage 
f=lkHz. RS = 1000. 

25·C 25 nV/$. 
See Figure 2 

25·C 200 

BOM Maximum output swing bandwidth 
Vo = VOH. CL = 20 pF. 

O·C 220 kHz 
RL = 10kll. See Figure 1 

70·C 140 

25·C 2.2 

Bl Unity-gain pandwidth 
Vi = 10 mV. CL = 20 pF. 

O·C 2.5 MHz 
See Figure 3 

70·C 1.8 

25°C 49· 

<Pm Phase margin 
Vi = 10 mV. f = Bl. 

O·C 50· 
CL = 20 pF. See Figure 3 

70·C 46· 
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TLC274, TLC274A, TLC2l4B, TLC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIfiERS 

PARAMETER MEASUREMENT INFORMATION 

single-supply versus split-supply test circuits 

Because the TLC274 lind TLC279 are 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 will give the same result . 

VI RL VI 
RL 

Voo-

(al Slnllle·SuPply (bl Spnt·supply 

FIGURE 1. UNITY-GAIN AMPLIFIER 

10 kl} 10 kl} 

Voo+ 

1/2 Voo Vo Vo 

100 I} 

':' 

(al Slnllle·Supply Ibl spnt·supply 

FIGURE 2. NOISE TEST CIRCUIT 

10 kl} 10 kl} 

VI 
100 I} 

VI 

1/2 VOO 
CL 

Voo-

lal Slnllle'Supply (bl SpOt·Supply 

FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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input bias current 

TLC214. TLC214A. TLC214B. TLC219 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Because of the high input impedance of the TLC274 and TLC279 op amps, attempts to measure the input 
bias current can result in erroneous readings. The bias current at normal room 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: 

1 . Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would.otherwise flow to the inputs will be shunted 
away. 

2. 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. 

One word of caution ... many automatic testers as well as some bench-top op amp 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. 

ccccccc 
ccccccc 
s 

FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(J AND N DUAL-IN-LiNE-PACKAGEI 

low-level output voltage 

To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output 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 Figures 14 through 19 in the Typical Characteristics 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 will result 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. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 
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TLC274, TLC274A, TLC274B, TLC279 ~ 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

full-power response 

FUll-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways ... full-linear response and full-peak response. The full-linear response is 
generally measured by monitoring the distortion level of the output while increasing the frequency of a 
sinusoidal input signal until the maximum frequency i~ fbund 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 "significaHt" distortion, the full-peak response is 
specified in this data sheet and is measured using the circuit of Figure 1. 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 sinUl~oidal 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 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 

fLJ1 A 
(alf-1kHz (bIBOM>f>1kHz (el f - BaM (dl f > BaM 

FIGURE 5. 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. Intemal 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. 
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TLC274. TLC274A. TLC274B. TLC279 
LinCMOS'" PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLC274 
INPUT OFFSET VOLTAGE 

753 Amplifiers 

VOO - 5 V 
50 TA _ 25·C 

'#. N Package 
I ~ 40r-4--+--r-~ 

·c 
;:) 

C 30r--r-+---i--r 

f ~r-~-~---r-~ 

c 

J 

10 r--j---t----j-

01...-........ --l1li 
-5 -4 -3 -2 -1 0 2 3 4 5 

Vlo-lnput Offset Voltage-mV 

FIGURE 6 

DISTRIBUTION OF TLC274 AND TLC279 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

01..-..... -
-10 -8 -6 -4 -2 0 2 4 6 8 10 

avlO - Temperature Coefflcient-,.V I·C 

FIGURE 8 
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DISTRIBUTION OF TLC274 
INPUT OFFSET VOLTAGE 

60~~~--______ --______ --__ ~ 

f 201--+--+---1i-

'#. 

0'---'---.... 
-5 -4 -3 -2 -1 0 2 3 4 5 

Vlo-lnput Offset Voltage-mV 

FIGURE 7 

DISTRIBUTION OF TLC274 AND TLC279 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

Amplifiers tested 

VOO - 10 V 
50 T A - 25·C to 125·C --ie-4---j----I--'I 

I 40 
i 

N Package 
Outliers: 
(11 21.2,.V/·C 

;:) 
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f 201f-.----t--t---i-

:. 
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FIGURE 9 
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TLC274. TLC274A. TLC274B. TLC279 
LinCMOSTM PRECISION QUAD OPEATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

5r---~----'-----~--~----~ 16 

VIO - 100 rnV 
TA ~ 25°C 

T 
VOO - 5 V 

1----+---+---t---+--
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~ 14 
8, 
:J 12 
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S 10 
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IOH-Hlgh-Level Output Current-rnA 

FIGURE 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VID = 100 rnV 

-10 

-RL = 10 kO 
TA - 25°C / 
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4 6 8 10 12 14 16 
VOO-Supply Voltage-V 

FIGURE 12 
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FIGURE 11 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

1 
IOH - -5 rnA 

............. .1 iVIO - 100 rnV 
~OO - 5V 

~ 
~ --

............... "'-I'--- r-..... 

VOO - 10 V ............ " ~ --_. --" - i:'-....... 
~ 

"'" ~ 
1--

VOO-2.4 
-75 -50 -25 0 25 50 75 100 125 

T A -Free-Air Ternperature- °C 

FIGURE 13 

toats at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOS'" PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

VOO - 5 V t ----- f-.- - r--.- -IOl - 5 mA-
TA - 25°C 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 16 

TA-free-Air Temperature- °C 

FIGURE 17 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 
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SUPPLY CURRENT 
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FREE-AIR TEMPERATURE 
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FIGURE 25 

tOata at high arid low temperatures are applicable only within .the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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TLC274, TLC274A, TLC274B, TLC2.79 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 
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toata at high· and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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FIGURE 32 
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FIGURE 33 

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

fI 
CI) .. 
Q) 

:e 
Q. 
E 

<C 
'i c o '., ca .. 
Q) 
Q. o 

TEXAS ~ 
INSTRUMENTS 

2-597 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



II 
0 
"C 
CD ... 
I» 
~ 

S' 
::::I 
!!. 
l> 
3 
'E. 
=h 
(ii' ... 
(I) 
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LinCMOSlM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toataat high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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single-supply operation 

TLC274, TLC274A, TLC274B, TLC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

While the TLC274 and TLC279 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design 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 3 V (C-suffix types), thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 

Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC274 and TLC279 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 

The TLC274 and TLC279 work 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: 

1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is ohen adequate; however, high-frequency applications may require RC decoupling. 

voo 

R1 
R2 

C 
R3 "'Pn t·01PF

"::, 

Vo 

R3 
VREF - Voo R1 + R3 

FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 

(a) Common Supply Ralls 

(b) Sepa,ata Bypassad Supply Reils (preferred) 

FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

input characteristics 

The TLC274 and TLC279 are 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. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at VDD -1 Vat T A = 25°C and at VDD -1.5 Vat all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLC274 and TLC279 
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 ,.N/month, 
including the first month of operation. 

Because of the extremely high input impedance and resulting low bias current requirements, the TLC274 
and TLC279 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 a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 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 40). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 

noise performance 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC274 and TLC279 result in a very low noise 
current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kO, since bipolar devices exhibit 
greater noise currents. 

la) Noninverting Amplifier Ibl Inverting Amplifier lei Unity·Gain Amplifier 

FIGURE 40. GUARD-RING SCHEMES 

output characteristics 

The output stage of the TLC274 and TLC279 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. 

All operating characteristics of the TLC274 and TLC279 were measured using a 20-pF load. The devices 
will drive 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 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

lal CL - 20 pF. RL - No load 

Icl CL - 150 pF. RL - No load 

Ibl CL - 130 pF. RL - No load 

-2.5 V 

Idl Test Circuit 

TA - 25°C 

f - 1 kHz 

VIPP - 1 V 

FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 

Although the TLC274 and TLC279 possess excellent high-level output voltage and current capability. 
methods for boosting this capability are available. if needed. The simplest method involves the use of a 
pullup resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First. the NMOS pull-down 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 11 and 180 11. depending on how hard the op amp input is 
driven. With very low values of Rp. a voltage offset from 0 V at the output will occur. Second. pullup 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is·not supplying the output current. 

feedback 

Op amp circuits nearly always employ feedback. and since feedback is the first prerequisite for oscillation. 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) 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. 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

Voo 

Rp 

Vo 

R2 
Rl 

TYPICAL APPLICATION DATA 

Rp __ V",O",O_--,V-"O,­
IF + IL + Ip 

Ip - Pullup current required by 
the op amp (typically 500 ,.AI 

c 

FIGURE 42. RESISTIVE PULLUP TO INCREASE VOH FIGURE 43. COMPENSATION FOR 
INPUT CAPACITANCE 

electrostatic discharge protection 

The TLC274 and TLC279 incorporate an internal electrostatic discharge (ESD) protection circuit that 
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. 

latchup 

2-602 

Because CMOS devices are susceptible to latch up due to their inherent parasitic thyristors, the TLC274 
and TLC279 inputs and outputs were designed to withstand - 1 OO-mA surge currents without sustaining 
latch up; however, techniques should be used to reduce the chance of latchup 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 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 /LF typical) 
located across the supply rails as close to the device as possible. 

The current path established if latchup 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 latchup 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. 
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nC274, nC274A, nC274B, nC279 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 
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R - 5 kll (3/d-ll. 

(see Note AI 

NOTES: A. d = damping factor. I/Q 
B. Normalized to 10 kG and fc = 1 kHz 

FIGURE 44. STATE VARIABLE FILTER 
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FIGURE 45. POSITIVE-PEAK DETECTOR 
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TLC274. TLC274A. TLC274B. TLC279 
LinCMOSTM PRECISION QUAD OPEATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

VI (.ee~I--_______ --4I--___ """ __ ~""-______ "" 
Note AI 

1.2 kO 100 kO 0.47 p.F 

TL431 20 kO~-A,f\~"'---I 
TIP31 

160 

10 kO 

47 kO 

22 kO 

NOTES: A. VI = 3.5 to 15 V 
B. Va = 2.0 V, 0 to 1 A 

FIGURE 46. LOGIC ARRAY POWER SUPPLY 

Va (.ee Note AI 

9V 

10 kO 9V 

10 kO 

NOTES: A. VoPp = B V 
B. Vopp = 4 V 

.n..r 
0.1 p.F 

>-..... ..-VO (8" Note BI 

,/'V 

47 kO fa - 4C(~21 [~J 
R3 

FIGURE 47. SINGLE-SUPPLY FUNCTION GENERATOR 
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TLC274, TLC274A, TLC274B, TLC279 
LinCMOS'" PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

+5V 

10 kl! 100 kl! 

> ......... -VO 

10 kl! 

Rl.l0 kl! 
lOkI! 9& kl! Isee Note AI 

-5V 

NOTE A: CMRR adjustment (must be noninductivel. 

FIGURE 48. LOW-POWER INSTRUMENTATION AMPLIFIER 

R 
10 ml! 

~~1! 5MI! 

C C 
270 pF 270 pF 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

• Trimmed Offset Voltage: 
TLC27L7 .•. 500 p.V Max at 25°C. 
VDD - 5V 

• Input Offset Voltage Drift ... Typically 
0.1 p.V/Month. Including the First 30 Days 

• Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55°C to 125°C ... 4 V to 16 V 
-40°C to 85°C ... 4 V to 16 V 

OOC to 70°C •.. 3 V to 16 V 

• Single-Supply Operation 

• Common-Mode Input Voltage Range 
Extends Below the Negative Rail IC-Suffix. 
I-Suffix types) 

• Ultralow Power ... Typically 95 p.W at 
25°C. VDD - 5 V 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance ... 1012 !l Typical 

• ESD-Protection Circuitry 

• Small-Outline Package Option Also Available 
in Tape and Reel 

• Designed-In Latchup Immunity 

AVAILABLE OPTIONS 

Vlomax 
PACKAGE 

SMALL CHIP CERAMIC 
TA at 

OUTLINE CARRIER 
25·C 

DIP 

(D) (FK) (JG) 

O·C 
500 ",V TLC27L7CD - TLC27L7CJG 

2 mV TLC27L2BCD - TLC27L2BCJG 
to 

70·C 
5 mV TLC27L2ACD - TLC27L2ACJG 

10mV TLC27L2CD - TLC27L2CJG 

-40°C 
500 ",V TLC27L71D - TLC27L71JG 

2 mV TLC27L2BID - TLC27L2BIJG 
to 

85°C 
5 mV TLC27L2AID - TLC27L2AIJG 

10mV TLC27L21D - TLC27L21JG 

-55°C 500 ",V - TLC27L7MFK TLC27L7MJG 
to 

125°C 10mV - TLC27L2MFK TLC27L2MJG 

PLASTIC 

DIP 

(P) 

TLC27L7CP 

TLC27L2BCP 

TLC27L2ACP 

TLC27L2CP 

TLC27L71P 

TLC27L2BIP 

TLC27L2AIP 

TLC27L21P 

-
-

The 0 package is available taped and reeled. Add R suffix to the device type le.g .. 
TLC27L7CDR). 

LinCMOS is a trademark of Texas Instruments Incorporated 

03139. OCTOBER 19B7-REVISEO AUGUST 19B8 

D. JG. OR P PACKAGE 

(TOP VIEW) 

10UT[]B VDD 
1 IN- 2 7 2 OUT 
1 IN+ 3 6 21N-

GND 4 5 21N+ 

NC 4 
1 IN- 5 

NC 6 

l1N+ 
NC 8 

FK PACKAGE 

(TOP VIEWI 

I-

u is u gu 
Z~Z>z 

3 2 1 20 19 

9 1011 1213 

NC - No internal connection 

18 

17 

16 

15 

14 

DISTRIBUTION OF TLC27L7 
INPUT OFFSET VOLTAGE 
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20 . ., 
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" '" ~ 
" 10 
~ .... 
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-800 -400 0 400 

Vlo-lnput Offsat Voltaga-",V 

800 
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TLC27L2, TLC27L2A, TLC27L28, TLC27L1 
LinCMOSlM PRECISION DUAL OPERATIONAL AMPLIFIERS 

description 

The TLC27L2 and TLC27L7 dual operational amplifiers combine a wide range of input offset voltage grades. 
with low offset voltage drift, high input impedance, extremely low power, and high gain. 

These devices use Texas Instruments silicon-gate LinCMOS" technology, which provides offset voltage 
stability far exceeding the stability available with conventional metal-gate processes. 

The extremely high input impedance, low bias currents, and low power consumption make these cost­
effective devices ideal for high gain, low frequency, low power applications. Four offset voltage grades 
are available (C-suffix and I-suffix types), ranging from the low-cost TLC27L2 (10 mV) to the high-precision 
TLC27L7 (500 /LV). These advantages, in combination with good common-mode rejection and supply 
voltage rejection, make these devices a good choice for new state-of-the-art designs as well as for upgrading 
existing designs. 

In general, many features associated with bipolar technology are available on LinCMOS" operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC27L2 and TLC27L7. The devices also exhibit low voltage single-supply operation and ultra­
low power consumption, making them ideally suited for remote and inaccessible battery-powered 
applications. The common-mode input voltage range includes the negative rail. 

A wide range of packaging options is available, including small-outline and chip carrier versions for high­
density system applications. 

The device inputs and outputs are designed to withstand - 100-mA surge currents without sustaining 
latchup. 

The TLC27L2 and TLC27L7 incorporate 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. 

M-suffix devices are characterized for operation over the full military temperature range of - 55°C 
to 125°C. I-suffix devices are characterized for operation from - 40°C to 85 °C, and C-suffix devices 
are characterized for operation from OOC to 70°C. 
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TLC21L2, TLC21L2A, TLC21L2B, TLC21L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

equivalent schematic leach amplifier) 
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Rl 
IN-jl+-...... ___ --+i 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage range, VI (any input) ............... . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VDD 
Input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 mA 
Output current, 10 (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Total current into VDD terminal .............................................. 45 mA 
Total current out of ground terminal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 mA 
Duration of short-circuit current at (or below) 25 DC (see Note 3) . . . . . . . . . . . . . . . . . . .. Unlimited 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature, T A: M-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 

I-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40 DC to 85 DC 
C-suffix ................................ 0 DC to 70 DC 

Storage temperature range ......................................... -65DC to 150DC 
Case temperature for 60 seconds: FK package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 DC 
Lead temperature 1,6 mm (1'16 inch) from case for 10 seconds: D and P package ....... 260 DC 
Lead temperature 1,6 mm (1'16 inch) from case for 60 seconds: JG package ........... 300 DC 

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 s 2SoC DERATING FACTOR TA - 70°C TA - BSoC 

POWER RATING ABOVE TA - 2SoC POWER RATING POWER RATING 

D 726 mW 5.B mW/oC 464mW 377 mW 

FK 1375 mW 11 mW/oC B80mW 715 mW 

JG (M-suffix) 1050mW B.4 mW/oC 672 mW 546 mW 

JG (C-, I-suffix) B25 mW 6.6 mW/oC 52B mW 429mW 
p 1000 mW B.O mW/oC 640mW 520 mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN 

Supply voltage, VDD 4 16 4 16 3 

I VDD = 5 V 0 3.5 -0.2 3.5 -0.2 
Common-mode input voltage, VIC I 

VDD = 10 V 0 B.5 -0.2 B.5 -0.2 

Operating free-sir temperature, T A -55 125 -40 B5 0 
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POWER RATING 
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TLC21L2M, TLC21L7M 
LjnCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. VDD - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27L2M 
Va - 1.4 V, VIC - 0 V, 25°C 1.1 10 

RS = 50 D, RL = 1 MD Full range 12 
Via Input offset voltage 

Va = 1.4V, VIC = 0 V, 25°C 170 500 
TLC27L7M 

RS = 50 D, RL = 1 MD Full range 3750 
Average temperature coefficient 25°C to 

aVIO 1.4 
of input offset voltage 125°C 

110 Input offset current (see Note 41 Va = 2.5 V, VIC = 2.5 V 
25°C 0.1 

125°C 1.4 15 

liB Input bias current (see Note 41 Va = 2.5 V, 
25°C 0.6 

VIC = 2.5 V 
125°C 9 35 

0 -0.3 

25°C to to 
Common-mode input 4 4.2 

VICR voltage range (see Note 51 0 

Full range to 

3.5 

25°C 3.2 4.1 

VOH High-level output voltage VID = 100 mY, RL = 1 MD -55°C 3 4.1 

125°C 3 4.2 

25°C 0 50 

VOL Low-level output voltage VIO = -100 mY, 10L = 0 -55°C 0 50 

125°C 0 50 

25°C 50 500 

Avo 
Large-signal differential 

Va = 0.25 V to 2 V, RL = 1 MD -55°C 25 1000 
voltage amplification 

125°C 25 200 

25°C 65 94 

CMRR Common-mode rejection ratio VIC = VICR min -55°C 60 95 

125°C 60 85 

25°C 70 97 

kSVR 
Supply-voltage rejection ratio 

VOO - 5 V to 10 V, Va = 1.4V -55°C 60 97 
(.1VOO/.1VIOI 

125°C 60 98 

25°C 20 34 

100 
Supply current Va = 2.5 V, VIC = 2.5 V, 

-55°C 35 60 
(two amplifier.I No load 

125°C 14 24 

t Full range is - 55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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nC27L2M, TLC27L7M 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free·alr temperature, VDD - 10 V (unless otherwise noted) 

II 
o 
"0 
CD 
iil .... 
0' 
:::I 
!!. 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27L2M 
Vo = 1.4 V. VIC = 0 V. 25°C 1.1 10 

RS = 5011. RL = 1 Mil Full range 12 
VIO Input offset voltage 

Vo - 1.4 V. VIC - 0 V. 25°C 190 800 
TLC27L7M 

RS = 500. RL = 1 MO Full range 4300 
. Average temperature coefficient 25°C to 

1.4 aVIO of input offset voltage 125°C 

110 Input offset current (see Note 4) Vo = 5 V. VIC = 5 V 
25°C 0.1 

125°C 1.8 15 

liB Input bias current (see Note 4) Vo = 5 V. VIC = 5 V 
25°C 0.7 

125°C 10 35 

0 -0.3 

25°C to to 

VICR 
Common-mode Input 9 9.2 
voltage range (see Note 5) 0 

Full range to 

8.5 

25°C 8 8.9 

VOH High-level output voltage VIO = 100 mY. RL = 1 MO -5SoC 7.8 B.8 

125°C 7.8 9 

25°C 0 50 

VOL Low-level output voltage VIO = -100 mY. 10L = 0 -5SoC 0 50 
125°C 0 50 

Large-signal differential 
25°C 50 860 

AVO Vo = 1 V to 8 V. RL - 1 Mil -Ssoc 2S 1760 
voltage amplification 

12SoC 25 380 

26°C 85 97 

CMRR Common-mode rejection ratio VIC = VICR min -55°C 60 97 

125°C 60 91 

. Supply-voltage rejection ratio 
25°C 70 97 

kSVR VOO = 5 V to 10 V. VO=1.4V -56°C 60 97 
(AVOO/AVIO) 

126°C 60 98 

Vo = 5 V. VIC = 5 V. 
25°C 29 46 

100 
Supply current 

-55°C 56 96 
(two amplifiers) No load 

12SoC 18 30 

t Full range is -55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below S pA were determined mathematically. 

5. This range also applies to each input Individually. 
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TLC27L2C. TLC27L2AC. TLC27L2BC. TLC27L7C 
LinCMOSTM PRECISION OUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air tamparature, VOO - 10 V (unless otherwisa noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27L21 
Vo = 1.4 V. VIC = 0 V. 25°C 1.1 10 

Rs = 50 D. RL = 1 MD Full range 13 

TLC27L2AI 
VO=1.4V. VIC = 0 V. 25°C 0.9 5 

Input offset voltage 
RS = 50 D. RL = 1 MD Full range 7 

VIO 
Vo = 1.4 V. VIC = 0 V. 25°C 236 2000 

TLC27L2BI 
RS = 50 D. RL = 1 MD Full range 3500 

Vo = l.4V. VIC = 0 V. 25°C 190 800 
TLC27L71 

RS = 50 D. RL=lMD Full range 2900 
Average temparature coefficient 25°C to 

aVIO 
of input offset voltage 86°C 

2.1 

110 Input offset currant Isae Note 41 Vo = 5 V. VIC = 6 V 
25°C D.l 

85°C 26 1000 

118 Input bias current Isee Note 41 Vo = 6 V. VIC = 6 V 
26°C 0.7 

85°C 220 2000 
-0.2 -0.3 

26°C to to 

VICR 
Common~mode input 9 9.2 
voltage range Isee Note 51 -0.2 

Full range to 

8.5 

25°C 8 8.9 

VOH High-level output voltage VID = 100 mV. RL = 1 MD -40°C 7.8 8.9 

85°C 7.8 8.9 
25°C 0 50 

VOL Low-level output voltege VID = -100 mV. 10L = 0 -40°C 0 50 

85°C 0 50 

Large-signal differential 
25°C 50 860 

AVD Vo = 1 V to 6 V. RL = 1 MD -40°C 50 1550 
voltage amplification 

85°C 50 585 

25°C 65 97 

CMRR Common-mode rejection ratio VIC = VICR min -40°C 60 97 

85°C 60 98 

Supply-voltage rejection ratio 
25°C 70 97 

kSVR VDO = 5 V to 10 V. Vo = 1.4 V -40°C 60 97 
lo1VOO/o1VIOI 

85°C 60 98 

Vo = 5 V. VIC = 5 V. 
25°C 29 46 

100 
Supply current 

-40°C 49 86 
Itwo amplifiers I No load 

85°C 20 36 

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 were determined mathematically. 

5. This range also applies to each input individually. 
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TLC21L21, TLC21L2AI, TLC21L2BI, TLC21L71 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLlF.IERS 

electrical characteristics at specified free-air temperature, Voo '" 1 0 V (unless otherwise notedl 

E 
o 

"CI 
CD .. m .... 
S" 
~ 
et 
l> 
3 
'Eo 
:::;; 
i" .. 
(I) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 
-- Va - 1.4 V, VIC - 0 V, 25°C 1.1 10 

TLC27L21 
RS = 50 II, RL = 1 Mil Full range 13 

VIC = 0 V, 25°C 0.9 
TLC27L2AI 

Va = 1.4 V, 5 

Via Input offset voltage 
RS = 50 II, RL = 1 Mil Full range 7 

TLC27L2BI 
Va = 1.4 V, VIC = 0 V, 25°C 235 2000 

RS=501l, RL = 1 Mil Full range 3500 

Va - 1.4 V, VIC - 0 V, 25°C 190 BOO 
TLC27L71 

RS=501l, RL = 1 Mil Full range 2900 

Average temperature coefficient 25°C to 
aVIO 1 

of input offset voltage 85°C 

110 Input offset current (see Note 4) Va = 5 V, VIC = 5 V 
25°C 0.1 

85°C 26 1000 

liB Input bias current (see Note 4) Va = 5 V, VIC = 5 V 
25°C 0.7 

85°C 220 2000 
-0.2 -0.3 

25°C to to 

VICR 
Common-mode input 9 9.2 
voltage range (see Note 5) -0.2 

Full range to 

8.5 

25°C 8 8.9 

VOH High-level output voltage VIO = 100 mY, RL = 1 Mil -40°C 7.8 8.9 

85°C 7.8 8.9 

25°C 0 50 

VOL Low-level output voltage VID = -100 mY, 10L = 0 -40°C 0 50 

85°C 0 50 

25°C 50 860 

AVO 
Large-signal differential 

Va = 1 V to 6 V, RL = 1 Mil -40°C 50 1550 
voltage amplification 

85°C 50 585 

25°C 65 97 

CMRR Common-mode rejection ratio VIC = VICR min -40°C 60 97 

85°C 60 98 

Supply-voltage rejection ratio 
25°C 70 97 

kSVR VOO = 5 V to 10 V, Va = 1.4 V -40°C 60 97 
(aVOO/aVIO) 

85°C 60 98 

25°C 29 46 

100 
Supply current Va = 5 V, VIC = 5 V, 

-40°C 49 86 
(two amplifiers) No load 

85°C 20 36 

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 were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27L21. TLC27L2AI. TLC27L2BI. TLC27L71 
LinCMOS"" PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, VDD .. 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

Vo = 1.4 V, VIC = 0 V, 2S DC 1.1 10 
TLC27L2C 

12 RS = SO II, RL = 1 Mil Full range 

Vo = 1.4 V, VIC = 0 V, 2S DC 0.9 S 
TLC27L2AC 

6.S 
Input offset voltage 

RS = SO II, RL = 1 Mil Full range 
VIO 

Vo = 1.4 V, VIC = 0 V, 2S DC 204 2000 
TLC27L2BC 

3000 RS = SO II, RL = 1 Mil Full range 

Vo = 1.4 V, VIC = 0 V, 2S DC 170 SOO 
TLC27L7C 

RS = SO II, RL = 1 Mil Full range lSoo 

Average temperature coefficient 2S DC to 
aVIO 1.1 

of input offset voltage 70 DC 

Input offset current (see Note 4) 
2S DC 0.1 

110 Vo = 2.S V, VIC = 2.S V 
70 DC 7 300 

Input bias current (see Note 4) Vo = 2.S V, VIC = 2.S V 
2S DC 0.6 

liB 
70 DC SO 600 

-0.2 -0.3 

2S DC to to 
Common-mode input 4 4.2 

VICR voltage range (see Note S) -0.2 

Full range to 

3.S 

2S DC 3.2 4.1 

VOH High-level output voltage VIO = 100 mV, RL = 1 Mil ODC 3 4.1 

70 DC 3 4.2 

2S DC 0 50 

VOL Low-level output voltage VIO = -100 mV, 10L = 0 ODC 0 SO 

70DC 0 50 

Large-signal differential 
25·C 50 500 

AVO Vo = 0.25 V to 2 V, RL = 1 Mil ODC 50 700 
voltage amplification 

70 DC 50 380 

2S·C 65 94 

CMRR Common-mode rejection ratio VIC = VICR min O·C 60 95 

70 DC 60 95 

25 DC 70 97 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Vo = 1.4 V O·C 60 97 
(aVOO/avIO) 

70 DC 60 98 

Supply current VIC = 2.5 V, 
25 DC 20 34 

100 
Vo = 2.5 V, 

ODC 24 42 
(two amplifiers) No load 

70 DC 16 28 

t Full range is 0 DC to 70·C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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JLC27L2C, TLC27L2AC, TLC27L2BC, TLC27L7C 
LinCMOS1>1 PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo - 10 V (unless otherwise noted) 

o 
"'0 
CD ... m 
r+ o· 
;:, 
!!. 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27L2C 
Vo = 1.4 V. VIC = 0 V. 25°C 1.1 10 

RS = 5011. RL = 1 Mil Full range 12 

TLC27L2AC 
Vo = 1.4 V. VIC = 0 V. 25°C 0.9 5 

VIO Input offset voltage 
RS. = 50 II. RL = 1 Mil Full range 6.5 

TLC27L2BC 
Vo = 1.4 V. VIC - 0 V. 25°C 235 2000 

RS=501l. RL = 1 Mil Full range 3000 

Vo = 1.4 V. VIC = 0 V. 25°C 190 800 
TLC27L7C 

RS = 50 Il. RL = 1 Mil Full range 1900 
Average temperature coefficient 25°C to 

"VIO 1 
of input offset voltage 70°C 

110 Input offset current (see Note 4) Vo = 5 V. VIC = 5 V 
25°C 0.1 

70°C 8 300 

118 Input bias current Isee Note 41 VIC = 5 V 
25°C 0.7 

Vo = 5 V. 
70°C 50 600 

-0.2 -0.3 

25°C to to 

Common-mode input 9 9.2 
VICR 

voltage range Isee Note 51 -0.2 

Full range to 

8.5 

25°C 8 8.9 

VOH High-level output voltage VIO = 100 mV. RL = 1 Mil OOC 7.8 8.9 

70°C 7.8 8.9 

25°C 0 50 

VOL Low-level output voltage VID = -100 mV. 10L = 0 O°C 0 50 

70°C 0 50 

25°C 50 860 

AVO 
Large-signal differential 

Vo = 1 Vt06V. RL = 1 Mil OOC 50 1025 
voltage amplification 

70°C 50 660 

25°C 65 97 

CMRR Common-mode rejection ratio VIC = VICR min OoC 60 97 

70°C 60 97 

25°C 70 97 

kSVR 
Supply-voltage rejection ratio 

VDO = 5 V to 10 V. Vo = 1.4V OoC 60 97 
Ib.VOO/b.VIOI 

70°C 60 98 

26°C 29 46 

100 
Supply current Vo = 5 V. VIC = 5 V. OoC 36 66 
Itwo amplifiersl No load 

70°C 22 40 

t Full range is OoC to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.' 

5. This range also applies to each input individually. 

2-616 TEXAS .." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TeXAS 75265 

UNIT 

mV 

~V 

~V/oC 

pA 

pA 

V 

V 

V 

mV 

V/mV 

d8 

dB 

~ 



TLC21L2M. TLC21L7M 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics. VOO = 5 V 

PARAMETER TEST CONOITIONS 

RL = 1 Mil, 
VIPP = 1 V 

SR Slew rate at unity gain CL = 20 pF, 

See Figure 1 
VIPP = 2.5 V 

Vn Equivalent input noise voltage 
f = 1 kHz, RS=1001l, 

See Figure 2 

BOM Maximum output swing bandwidth 
Va = VOH, CL = 20 pF, 

RL = 1 Mil, See Figure 1 

B1 Unity-gain bandwidth 
Vi = 10mV, CL = 20 pF, 

See Figure 3 

Vi = 10mV, 
<l>m Phase margin 

f = Bl, 

CL = 20 pF, See Figure 3 

operating characteristics. VOO 10 V 

PARAMETER TEST CONDITIONS 

RL = 1 Mil, 
VIPP = 1 V 

SR Slew rate at unity gain CL = 20 pF, 

See Figure 1 
VIPP = 5.5 V 

Vn Equivalent input noise voltage 
f= 1 kHz, RS = 100 Il, 

See Figure 2 

BaM Maximum output swing bandwidth 
Va = VOH, CL = 20 pF, 

RL = 1 Mil, See Figure 1 

Bl Unity-gain bandwidth 
Vi = 10 mV, CL = 20 pF, 

See Figure 3 

<l>m Phase margin 
Vi = 10mV, f = Bl, 

CL = 20 pF, See Figure 3 
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TA MIN TYP 

25°C 0.03 

-55°C 0.04 

125°C 0.02 

25°C 0.03 

-55°C 0.04 

125°C 0.02 

25°C 68 

25°C 5 

-55°C 8 

125°C 3 

25°C 85 

-55°C 140 

125°C 45 

25°C 34° 

-55°C 39° 

125°C 25° 

TA MIN TYP 

25°C 0.05 

-55°C 0.06 

125°C 0.03 

25°C 0.04 

-55°C 0.06 

125°C 0.03 

25°C 68 

25°C 1 

-55°C 1.5 

125°C 0.7 

25°C 110 

-55°C 165 

125°C 70 

25°C 38° 

-55°C 43° 

125°C 29° 

MAX 

MAX 

UNIT 

VI"",, 

nV/$. 

kHz 

kHz 

UNIT 

V/~s 

nV/$. 

kHz 

kHz 
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TLCZ7LZI, TLC27LZAI, TLCZ7L2BI, TLC27L71 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics. VOO - 5 V 

PARAMETER TEST CONDITIONS 

RL = • MO, 
V,PP = • V 

SR Slew rate at unity gain CL = 20 pF, 
See Figure 1 

VIPP = 2.5 V 

• 
Vn Equivalent input noise voltage 

f=.kHz, RS = '000, 
See Figure 2 

CL = 20 pF, 
BOM Maximum output swing bandwidth 

Vo = VOH, 
RL = • MO, See Figure' 

Vi = 10 mV, CL = 20 pF, 
B. Unity-gain bandwidth 

See Figure 3 

Vi = .0 mV, 
tPm Phase margin 

f = B., 
CL = 20 pF, See Figure 3 

operating characteristics. VOO .. 10 V 

PARAMETER TEST CONDITIONS 

RL = • MO, 
VIPP = 1 V 

SR Slew rate et unity gain CL = 20 pF, 
See Figure 1 

VIPP = 5.5 V 

Vn Equivalent input noise voltage 
f = 1 kHz, RS = 1000, 
See Figure 2 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

RL = • MO, See Figure' 

CL = 20 pF, 
B. Unity-gain bandwidth 

Vi = 10mV, 
See Figure 3 

Vi = .0 mV, f = B" 
tPm Phase margin 

CL = 20 pF, See Figure 3 
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TA MIN TYP MAX UNIT 

25°C 0.03 
-40°C 0.04 

85°C 0.03 
V/p.S 

25°C 0.03 
-40°C 0.04 

85°C 0.02 

25°C 68 nV/$. 

25°C 5 

-40°C 7 kHz 

85°C 4 
25°C 85 

-40°C 130 kHz 

85°C 55 
25°C 34° 

-40°C 38° 
85°C 29° 

TA MIN TYP MAX UNIT 

25°C 0.05 

-40°C 0.06 
85°C 0.03 
25°C 0.04 

V/p.S 

-40°C 0.05 

85°C 0.03 

25°C 68 nV/$. 

25°C 1 

-40°C '.4 kHz 

85°C 0.8 

25°C •• 0 

-40°C 155 kHz 

85°C 80 

25°C 38° 
-40°C 42° 

85°C 32° 



TLC27L2C, TLC27L2AC, TLC27L2BC, TLC27L7C 
LinCMOS11I PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics. VDD - 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.03 

RL = 1 Mil. 
V,PP = 1 V O°C 0.04 

70°C 0.03 
SR Slew rate at unity gain CL = 20 pF. 

25°C 0.03 
V/p.s 

See Figure 1 
V,PP = 2.5 V OOC 0.03 

70°C 0.02 

Vn Equivalent input noise voltage 
f=lkHz. RS = 100 Il. 

25°C 68 nV/$. 
See Figure 2 

CL = 20 pF. 
25°C 5 

BOM Maximum output swing bandwidth 
Vo = VOH. OOC 6 kHz 
RL = 1 Mil. See Figure 1 

70°C 4.5 

CL = 20 pF. 
25°C 85 

Bl Unity-gain bandwidth 
Vi = 10 mV. OOC 100 kHz 
See Figure 3 

70°C 65 

25°C 34° 

tl>m Phase margin 
Vi = 10 mV. f = Bl. 

O°C 36° 
CL = 20 pF. See Figure 3 

70°C 30° 

operating characteristics. VDD - 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.05 

V,PP = 1 V OOC 0.05 
RL = 1 Mil. 

70°C 0.04 
SR Slew rate at unity gain CL = 20 pF. V/p.s 

25°C 0.04 
See Figure 1 

V,PP = 5.5 V O°C 0.05 

70°C 0.04 

Vn Equivalent input noise voltage 
f = 1 kHz. RS = 1001l. 

25°C 68 nV/$. 
See Figure 2 

25°C 1 

BOM Maximum output swing bandwidth Vo = VOH. CL = 20 pF. OOC 1.3 kHz 
RL = 1 Mil. See Figure 1 

70°C 0.9 

25°C 110 

Bl Unity-gain bandwidth 
Vi = 10mV. CL = 20 pF. 

O°C 125 kHz 
See Figure 3 

70°C 90 

25°C 38° 

tl>m Phase margin 
Vi = 10mV. f = Bl. OOC 40° 
CL = 20 pF. See Figure 3 

70°C 34° 
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TLC27L2. TLC27L2A. TLC27L2B. TLC27L7 
LinCMOS"'PRECISION DUAL OPERATlONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

single-supply versus split-supply test circuits 

2-620 

Because the TLC27L2 and TLC27L7 are 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 will give the same result. 

Vo Vo 
vI RL vI 

RL 

VOO-

Cal Single-Supply Cbl Spill-Supply 

FIGURE 1. UNITY-GAIN AMPLIFIER 

10 kll 10 kll 

VOO+ 

1/2 VOO Vo Vo 

100 II 
":' 

lal Single-Supply Ibl Spilt-Supply 

FIGURE 2. NOISE TEST CIRCUIT 

10 kll 10 kll 

100 II 
VI 

Vo 
1/2Voo---I 

CL 

VOO-

Cal Single-Supply Ibl Spill-Supply 

FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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input bias current 

TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOS'" PRECISION DUAL OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Because of the high input impedance of the TLC27L2 and TLC27L7 op amps, attempts to measure the 
input bias current can result in erroneous readings. The bias current at normal room 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: 

1 . Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 

2. 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. 

One word of caution ... many automatic testers as well as some bench-top op amp 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 

a a a a 
a a a a 

4 

FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(JG AND P DUAL-IN-LiNE-PACKAGE) 

low-level output voltage 

To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output 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 Figures 14 through 19 in the Typical Characteristics 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 will result 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. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT . INFORMATION 

full-power response 

Full-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways ... full-linear response and full-peak response .. the full-linear response is 
·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 1. 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 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached . 

JLJ1 A 
(8) f - 100 Hz Ib) BOM > f > 100 Hz Ie) f - BOM Id) f > 10M 

FIGURE 5. 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 arid lower temperatures. 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOStM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

'iF-
I .. 

.t: 
C 
:::l 

'li .. 

70 

60 

50 

40 

DISTRIBUTION OF TLC27L2 
INPUT OFFSET VOLTAGE 

905 Amplifiers 

VOO - 5 V 
TA - 25°C 
P Package 

!: 30 
C 
~ :. 20 

10 

01.-..1...-..0...1_ 
-5 -4 -3 -2 -1 0 2 3 4 5 

Vlo-lnput Offset Voltage-mV 

FIGURE 6 

DISTRIBUTION OF TLC27L2 AND TLC27L7 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Amplifiers tested 

60 VOO- 5V 

~ 50 
.~ 

TA - 25°C to 125°C 
P Packaga 
Outliers: 
(1) 19.2,.V/oC 
(1) 12.1 ,.VI 

c 
:::l 40 
'li 

101---+--+----j-

O~-'-...... -III 
-10 -8 -6 -4 -2 0 2 4 6 8 10 

""10 - Temparature Coefficient-,.V 1°C 

FIGURE 8 

70 

60 

50 

905 

DISTRIBUTION OF TLC27L2 
INPUT OFFSET VOLTAGE 

VOO - 10 
TA - 25°C 
P Package 

101---+--+---j-

01...-..1...-..0...1_ 
-5 -4 -3 -2 -1 0 2 3 4 5 

Vlo-lnput Offset Voltage-mV 

FIGURE 7 

DISTRIBUTION OF TLC27L2 AND TLC27L7 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Amplifiers tested 

VOO - 10 V 
60 TA _ 250C to 125°C 

~ 50 

·i 

P Package 
Outliers: 
(1) 18.7,.V/oC 
(1) 11.6,.V/oC :::l 40 

... 

J :: I------+---+-+--__+_ 

101---+--+-----11-

0~...J.... .... -· 
-10-8-6 -4-20 2 4 6 8 10 

""10-Temperature Coefficient-,.V/oC 

FIGURE 9 
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TLC21L2. TLC21L2A. TLC21L2B. TLC21L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICSt 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

-2 -4 -6 -8 
10H-Hlgh-Level Output Current-rnA 

FIGURE 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VIO - 100 rnV 
RL-1MO 

V TA - 25°C 

V 
V 

// 

/ 
V 

/ 
/ 

-10 

o 2 4 6 8 10 12 14 16 
VOO-Supply Voltage-V 

FIGURE 12 

16 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VIO - 100 rnV 

-.... ~~O - 16V 
TA - 25°C 
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o 
o 

VOO-1.6 

~ VOO-1.7 
II 
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10H-High-Level Output Current-rnA 

FIGURE 11 

-40 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

1 
10H - -5 rnA 

~ .1 I VIO - 100 rnV 
~OO - 5V 

~ 
'-.... r--- j';;;:::: 

I'-- ~~ 
VOO - 10 V ............. ~ 

........ 

~ 
""-i'-.. 

"" -~.~--

VOO-2.4 
-75 -50 -25 0 25 50 75 100 125 

T A -Free-Air Ternperature-·C 

FIGURE 13 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC27L2. TLC27L2A. TLC27L2B. TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 16 

I 

---

-10 

> 
E 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

~ 450 

'" B 
"0 
> 
S c. 
S o 
~ 
!l 
~ 
.3 

-100 mV 
-1 V 
-2.5 V 

I 300r--r~~~ __ r--r-r--r~--r-1 
....I 
o 
> 

> 
E 
I .. 
'" B 
"0 
> 
S 
S-
::J 
0 
"ii 
> ., 

....I 

~ 
0 

....I 

I 
....I 
0 
> 

250LL.L...L-1::::l~=t:::t:L..J 
o 2 4 6 8 10 

900 

800 

700 

600 

500 

400 

300 

200 

100 

o 

Vlc-Common-Mode Input Voltage-V 

FIGURE 15 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 17 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC21L2, TLC21L2A, TLC21L2B, TLC21L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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DIFFERENTIAL VOLTAGE AMPLIFICATION 
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LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 
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FIGURE 21 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSlM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 22 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

125 

Vo - Voo/2 TA - -55°5-
No load I y 

/ 
VV 

-40°C 

/' ~ 
h V V ~C 

.0 V / 
,..-
V~ ..... 

# /-V ~ --Hoi 
~ -~ f:.--- 1~5OC 

.f o 
024 6 8 10 12 14 16 

VOO-Supply Voltage-V 

FIGURE 24 

> 14 
I 
at 
a> 
~ 12 
0 
> 
~ 10 
Q, 

.5 
at 

" 0 
::E 
C 
0 
E 
E 
0 

U 
I 
U 
'> 

« ... 
I 
E 
~ ,. 
u 

~ 
Q, ,. 

I/) 

I 
Q 

9 

8 

6 

4 

2 

o o 

60 

50 

40 

30 

20 

10 

o 

/ 
/ 

/ 
/ 

/ 

/V 
/ 

/ 
/ 

/ 
/V 

2 4 6 8 10 12 14 

, 

VOO-Supply Voltage-V 

FIGURE 23 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vo - Voo/2 

r\. No load 
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r-..... 

~DO. 10V 

"" t"-..... I'-.. ........... ........... -- -VOO - 5 V roo-- -

16 

-75 -50 -25 0 25 50 75 100 125 
TA-Free-Air Temperature- °C 

FIGURE 25 
toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSlM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 26 

NORMALIZED SLEW RATE 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 28 

SLEW RATE 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 27 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC21L2, TLC21L2A, TLC21L2B, TLC21L7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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FIGURE 30 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
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FREQUENCY 
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 
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FIGURE 32 FIGURE 33 

tOata at high and low temparaturas ara applicable only within tha rated operating free·air temperatura rangas of the various davicas. 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSTM PRECISION DUAL OPEATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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SUPPLY VOLTAGE 

1 .1 
Vi - 10 mV 

.. 40 
_CL-20pF /' 

l 
-8 38 
I 
.~ 
~ 36 

J _ 34 
I 

i 
32 

30 

TA - 25°C /'" See Figure 3 1/ 
/ 
/ 

V 
/ 

V 
/ 

/ 

o 2 4 6 8 10 12 14 16 

37 

, 35 

l' 33 

·t 
:!l 31 

j 
~ 29 

i 
27 

""-

25 
o 

VOD-Supply Voltage-V 

FIGURE 34 

PHASE MARGIN 
vs 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature renges of the various devices. 
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single-supply operation 

TLC27L2. TLC27L2A. TLC27L2B. TLC27L7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

While the TLC27L2 and TLC27L7 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design 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 3 V (C-suffix types). thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 

Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC27L2 and TLC27L7 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 

The TLC27L2 and TLC27L7 work 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: 

1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 

VDD 

Vo 

R3 
VREF - VDD Ri"+"R3 

FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 

(a} Common Supply Rails 

(b} Separate Bypassed Supply Rails (preferred} 

FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TLC27L2. TLC27L2A. TLC27L2B. TLC21L7 
LinCMOS"" PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

input characteristics 

The TLC27L2 and TLC27L7 are 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. Note that the lower range limit includes the negative rail. while the 
upper range limit is specified at VOO -1 Vat T A = 25 ac and at VOO -1.5 V at all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLC27L2 and TLC27L7 
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 /IV/month. 
including the first month of operation. 

Because of the extremely high input impedance and resulting low bias current requirements. the TLC27L2 
and TLC27L7 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 a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 in the 
Parameter Measurement Information sectionl. These guards should be driven from a low-impedance source 
at the same voltage level as the common-mode input (see Figure 40). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 

noise performance 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC27L2 and TLC27L7 result in a very low noise 
current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kll, since bipolar devices exhibit 
greater noise currents. 

la) Naninverting Amplifier Ib) Inverting Amplifier Ie) Unity·Gain Amplifier 

FIGURE 40. GUARD-RING SCHEMES 

output characteristics 

The output stage of the TLC27L2 and TLC27L7 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. 

All operating characteristics of the TLC27L2 and TLC27L7 were measured using a 20-pF load. The devices 
will drive 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 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

la) CL - 20 pF. RL - No load 

Ie) CL - 310 pF. RL - No load 

Ib) CL - 260 pF. RL - No load 

-2.5 V 

Vo 

CL TA - 25°C 
f - 1 kHz 

VIPp-1V 

Id) Test Circuit 

FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 

Although the TLC27L2 and TLC27L7 possess excellent high-level output voltage and current capability. 
methods for boosting this capability are available. if needed. The simplest method involves the use of a 
pullup resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First, the NMOS pull-down 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 () and 180 (), depending on how hard the op amp input is 
driven. With very low values of Rp, a voltage offset from a v at the output will occur. Second, pull up 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 

feedback 

Op amp circuits nearly always employ feedback, and since feedback is the first prerequisite for oscillation, 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) 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. 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOS"" PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

VOD 

Rp __ V""D""D_-_V ... O,­
IF+ll+lp 

Ip - Pullup current required by 

the op amp (typically 500,.A) 

FIGURE 42. RESISTIVE PULLUP TO INCREASE VOH 

electrostatic discharge protection 

c 

FIGURE 43. COMPENSATION FOR 
INPUT CAPACITANCE 

The TLC27L2 and TLC27L7 incorporate an internal electrostatic discharge (ESO) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL·STO·883C, 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. 

latchup 

Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC27L2 
and TLC27L 7 inputs and outputs were designed to withstand -1 OO·mA surge currents without sustaining 
latchup; however, techniques should be used to reduce the chance of latchup 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 mV. 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 latchup 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 latchup 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 latchup occurring increases with increasing temperature and supply voltages. 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

500 kO >-...... --V01 ~ 

5V 

500 kO 

V02 Lfl 

500 kO 
500 kO 

FIGURE 44. MUL TIVIBRA TOR 

100 kO 

Voo 
100 kO 

SET 

RESET 
100 kO 

33 kll 
": 

NOTE: VOO = 5 V to 16 V 

FIGURE 45. SET/RESET FLIP-FLOP 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL ·AMPLIFIERS 

TYPICAL APPLICATION DATA 

Voo 
1/2 

VI-----t 

>--.... ---Vo 

Voo 90 kll 

81 C Xl 
B 

A TLC4066 1 
1 

82 C X2 
ANALOG B 

2 A 8WITCtI 2 

9 kll 

1 kll 

NOTE: VOO = 5 V to 12 V 

FIGURE 46. AMPLIFIER WITH DIGITAL GAIN SELECTION 

10 kll 

VOD 

NOTE: VOO = 5Vto 16V 

FIGURE 47. FULL-WAVE RECTIFIER 
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TLC27L2, TLC27L2A, TLC27L2B, TLC27L7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

0.016 ".F 

5V 
10 kO 10 kO 

NOTE: Normalized to Fe = 1 kHz and RL = 10 kO 

>-........... - Vo 
1/2 

FIGURE 4B. TWO-POLE LOW-PASS BUTTERWORTH FILTER 

Rl 
10 kO 

Rl 
10 kll 

R2 
100 kO 

Voo 

A2 ':'" 
100 kll 

NOTES: VOO = 5 V to 16 V 
R2 

Vo = R1 IVIS-VIA) 

>-..... -- Vo 
1/2 

FIGURE 49. DIFFERENCE AMPLIFIER 
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TLC27L4, TLC27L4A, TLC27L48, TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

• Trimmed Offset Voltage: 
TLC27L9 ... 900 poV Max at 25 DC. 

VDD - 5V 

• Input Offset Voltage Drift ... Typically 
0.1 poV/Month. Including the First 30 Days 

• Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55DC to 125°C ... 4 V to 16 V 
-40°C to 85°C ... 4 V to 16 V 

OOC to 70°C ... 3 V to 16 V 

• Single-Supply Operation 

• Common-Mode Input Voltage Range 
Extends Below the Negative Rail IC-Suffix. 
I-Suffix types) 

• Ultra-Low Power ... Typically 195 poW 
at 25°C. VDD - 5 V 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance ... 1012 !l Typical 

• ESD-Protection Circuitry 

• Small-Outline Package Option Also Available 
in Tape and Reel 

• Designed-In Latchup Immunity 

AVAILABLE OPTIONS 

Vlomax 
PACKAGE 

SMALL CHIP CERAMIC 
TA at 

OUTLINE 
25·C 

CARRIER DIP 

10) IFK) IJ) 

O·C 
900 ~V TLC27L9CD - TLC27L9CJ 

2 mV TLC27L4BCD - TLC27L4BCJ 
to 

70·C 
5 mV TLC27L4ACD - TLC27L4ACJ 

10 mV TLC27L4CD - TLC27L4CJ 

-40°C 
900 ~V TLC27L91D - TLC27L91J 

2 mV TLC27L4BID - TLC27L4BIJ 
to 

5 mV TLC27L4AID - TLC27L4AIJ 
B5°C 

10 mV TLC27L41D - TLC27L41J 

-55°C 900 ~V - TLC27L9MFK TLC27L9MJ 
to 

125°C 10 mV - TLC27L4MFK TLC27L4MJ 

PLASTIC 

DIP 

IN) 

TLC27L9CN 

TLC27L4BCN 

TLC27L4ACN 

TLC27L4CN 

TLC27L91N 

TLC27L4BIN 

TLC27L4AIN 

TLC27L41N 

-
-

The 0 package is available in tape and reel. Add R suffix to the device type le.g .• 
TLC27L9CDR). 

LinCMOS is a trademark of Texas Instruments Incorporated 

03142. OCTOBER 1987-REVISEO AUGUST 1988 

D. J. OR N PACKAGE 

ITOP VIEW) 

1 OUT 
11N-
11N+ 

VDD 
21N+ 
21N-
2 OUT 

FK PACKAGE 

ITOP VIEW) 

3 2 1 20 19 

4 OUT 
41N-
41N+ 
GND 
3 )N+ 
31N-
3 OUT 

l1N+ 4 18 41N+ 
17 NC NC 5 

VDD 6 16 
NC 15 NC 

2 IN + 8 14 3 IN + 
9 1011 1213 

II-UI- I 

~6Z6~ 
NN Me"') 

NC - No internal connection 

DISTRIBUTION OF TLC27L9 
INPUT OFFSET VOLTAGE 

35 

~ 30 

.~ 5 25~-+--~--+--+ 

b 20~-+--~--+--+ 

i ~ 151---+-+--+ 

j 10 ~-+--~--+-
5~-+--+---j 

Vlo-lnput Offset Voltage-"V 

Copyright @ 1987. Texas Instruments Incorporated 
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TLC27L4, TLC27L4A, nC27L4B, TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

description 

The TLC27L4 and TLC27L9 quad operational amplifiers combine a wide range of input offset voltage grades 
with low offset voltage drift, high input impedance, extremely low power, and high gain. 

These devices use Texas Instruments silicon-gate LinCMOS" technology, which provides offset voltage 
stability far exceeding the stability available with conventional metal-gate processes. 

The extremely high input impedance, low bias currents, and low power consumption make these cost­
effective devices ideal for high gain, low frequency, low power applications. Four offset voltage grades 
are available (C-suffix and I-suffix types), ranging from the low-cost TLC27L4 (10 mV) to the high-precision 
TLC27L9 (900 IN). These advantages, in combination with good common-mode rejection and supply 
voltage rejection, make these devices a good choice for new state-of-the-art designs as well as for upgrading 
exisitng designs. 

In general. many features associated with bipolar technology are available on LinCMOS'" operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC27L4 and TLC27L9. The devices also exhibit low voltage single-supply operation and ultra­
low power comsumption, making them ideally suited for remote and inaccessible battery-powered 
applications. The common-mode input voltage range includes the negative rail. 

A wide range of packaging options is available, including small-outline and chip carrier versions for high­
density system applications. 

The device inputs and outputs are designed to withstand -1 ~O-rnA surge currents without sustaining 
latchup. 

The TLC27L4 and TLC27L9 incorporate internal ESO-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 ESO may result in the degradation of the device 
parametric performance. 

M-suffix devices are characterized for operation over the full military temperature range of - 55°C 
to 125°C. I-suffix devices are characterized for operation from - 40°C to 85 °C, and C-suffix devices 
are characterized for operation from ooC to 70°C. 
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TLC27L4. TLC27L4A. TLC27L4B. TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

equivalent schematic (each amplifier) 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage range, VI (any input) ............. '. . . . . . . . . • . . . . . . . . . . . . .. -0.3 V to VDD 
Input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 mA 
Output current, 10 (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Total current into VDD terminal·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 mA 
Total current out of ground terminal ........................................... 45 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, T A: M-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

I-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 
C-suffix ................................ OOC to 70°C 

Storage temperature range ......................................... - 65°C to 1 50°C 
Case temperature for 60 seconds: FK package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D and N package . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

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 s 25°C DERATING FACTOR TA - 70°C TA - B5°C 

POWER RATING ABOVE TA - 25°C POWER RATING POWER RATING 

0 950mW 7.6 mW/oC 608mW 494mW 

FK 1375 mW 11 mW/oC 880mW 715mW 

J (M-suffixl 1375 mW 11 mW/oC 880mW 715mW 

J (C-, I-suffixl 1025 mW 8.2 mW/oC 656 mW 533 mW 

N 1575 mW 12.6 mW/oC 1008 mW 819 mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN 

Supply voltage, VOO 4 16 4 16 3 

I VOO - 5 V 0 3.5 -0.2 3.5 -0.2 
Common-mode input voltage, VIC J 

VOO = 10V 0 8.5 -0.2 8.5 -0.2 

Operating free-air temperature, T A -55 125 -40 85 0 

TA - 125°C 
POWER RATING 

275 mW 

275 mW 

C-SUFFIX 

NOM MAX 

16 

3.5 

8.5 

70 

UNIT 

V 

V 

·C 
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TLC27L4M, TLC27L9M 
LinCMOSTN PRECISION QUAD OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

Vo = 1.4 V, VIC = 0 V, 25°C 1.1 10 
TLC27L4M 

Input offset voltage 
RS = 500, RL = 1 MO Full range 12 

VIO 
Vo = 1.4V, VIC = 0 V, 25°C 200 900 

TLC27L9M 
RS = 500, RL = 1 MO Full range 3750 

Average temperature coefficient 25°C to 
1.4 aVIO of input offset voltage 125°C 

110 Input offset current (see Note 4) Vo = 2.5 V, VIC = 2.5 V 
25°C 0.1 

125°C 1.4 15 

Input bias current (see Note 4) Vo = 2.5 V, VIC = 2.5 V 
25°C 0.6 

liB 
125°C 9 35 

0 -0.3 

25°C to to 

Common-mode input 4 4.2 
VICR voltage range (see Note 5) 0 

Full range to 

3.5 

25°C 3.2 4.1 

VOH High-level output voltage VIO = 100 mV, RL = 1 Mil -55°C 3 4.1 

125°C 3 4.2 

25°C 0 50 

VOL Low-level output voltage VIO = -100mV, 10L = 0 -55°C 0 50 

125°C 0 50 

Large-signal differential 
25°C 50 480 

AVO Vo = 0.25 V to 2 V, RL = 1 Mil -55°C 25 950 
voltage amplification 

125°C 25 200 

25°C 65 94 

CMRR Common-mode rejection ratio VIC = VICR min -55°C 60 95 

125°C 60 85 

25°C 70 97 

kSVR 
Supply-voltage rejection ratio 

VOO = 5Vto 10V, VO=1.4V -55°C 60 97 
(AVOO/AVIO) 

125°C 60 98 

25°C 39 68 

100 
Supply Current Vo = 2.5 V, VIC = 2.5 V, 

-55°C 69 120 
(four amplifiers) No load 

125°C 27 48 

t Full range is - 55°C to 125°C. 
NOTES: 4. The typical values of input bias CUrrent and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27L4M, TLC27L9M 
LinCMOS'" PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, VDD- 10 V (unless otherwise noted) 

o 
"0 
CD 
iil .... 
0' 
~ 

!!. 
l> 
3 
'2. 
::;: 
i' .. en 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27L4M 
Vo = 1.4 V, VIC = 0 V, 25°C 1.1 10 

Via Input offset voltage 
RS=501l, RL = 1 Mil Full range 12 

Va = 1.4 V, VIC = a V, 25°C 210 1200 
TLC27L9M 

RS = 50 Il, RL = 1 Mil Full range 4300 
Average temperature coefficient 25°C to 

"'via of input offset voltage 125°C 
1.4 

110 Input offset current (see Note 4) Va = 5 V, VIC = 5 V 
25°C 0.1 

125°C 1.8 15 

Input bias current (see Note 4) Va = 5 V, VIC = 6 V 
25°C 0.7 

liB 
125°C 10 36 

0 -0.3 

25°C to to 

VICR 
Common-mode input 9 9.2 

voltage range (see Note 5) 0 
Full range to 

8.5 

25°C 8 8.9 

VOH High-level output voltage VID = 100 mY, RL = 1 Mil -55°C 7.8 8.B 

125°C 7.8 9 

26°C 0 50 

VOL Low-level output voltage VID = -100 mY, 10L = 0 -56°C 0 60 

125°C 0 50 

Large-signal differential 
25°C 50 800 

AVO Va = 1 V to 8 V, RL = 1 MO -55°C 25 1750 
voltage amplification 

125°C 25 380 

26°C 66 97 

CMRR Common-mode rejection ratio VIC = VICR min -56°C 80 97 

126°C 80 91 

25°C 70 97 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Va = 1.4V -55°C 60 97 
(aVOO/aVIO) 

126°C 60 98 

VIC = 5 V, 
26°C 67 92 

100 
Supply current Va = 5 V, 

-56°C 111 192 
(four amplifiers) No load 

126°C 35 60 

t Full range is - 55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27L41. TLC27L4AI. TLC27L4BI. TLC27L91 
LinCMOS'" PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo - 5 V (unless otherwise noted) 

PARAMETER TEST CONOITIONS TAt MIN TVP MAX 

Vo = 1.4 V. VIC = 0 V, 25°C 1.1 10 
TLC27L41 

RS = 5011, RL = 1 Mil Full range 13 

TLC27L4AI 
Vo - 1.4 V, VIC - 0 V, 25°C 0.9 5 

Rs = 50 II, RL = 1 Mil Full range 7 
VIO Input offset voltage 

Vo = 1.4 V, VIC = 0 V, 25°C 240 2000 
TLC27L4BI 

RS = 50 II, RL = 1 Mil Full range 3500 

Vo = 1.4 V, VIC = 0 V, 25°C 200 900 
TLC27L91 

RS=501l, RL = 1 Mil Full range 2000 
Average temperature coefficient 25°C to 

1.1 aVIO of input offset voltage B5°C 

110 Input offset current Isee Note 4) Vo = 2.5 V, VIC = 2.5 V 
25°C 0.1 

B5°C 24 1000 

Input bias current Isee Note 4) VIC = 2.5 V 
25°C 0.6 

liB Vo = 2.5 V, 
85°C 200 2000 

-0.2 -0.3 

25°C to to 

Common·mode input 4 4.2 
VICR voltage range Isee Note 5) -0.2 

Full range to 

3.5 

25°C 3.2 4.1 

VOH High-level output voltage VIO = 100 mV, RL = 1 Mil -40°C 3 4.1 

85°C 3 4.2 
25°C 0 50 

VOL Low-level output voltage VIO = -100 mV, 10L = 0 -40°C 0 50 

85°C 0 50 

Large-signal differential 
25°C 50 480 

AVO Vo = 0.25 V to 2 V, RL = 1 Mil -40°C 50 900 
voltage amplification 

85°C 50 330 

25°C 65 94 
CMRR Common-mode rejection ratio VIC = VICR min -40°C 60 95 

85°C 60 95 

Supply-voltage rejection ratio 
25°C 70 97 

kSVR VOO = 5Vto 10V, Vo = 1.4 V -40°C 60 97 
14VOO/4V10) 

85°C 60 98 

Supply current 
25°C 39 68 

100 
Vo = 2.5 V, VIC = 2.5 V, 

-40°C 62 108 
Ifour ampllfiars) No load 

85°C 29 52 

t Full range Is -40°C to 8SoC. 
NOTES: 4. The typical valuas of Input bias currant and Input offeat current below 5 pA were determined mathematically. 

5. This range also applies to each Input individually. 
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TLC27UI, TLC27L4AI, TtC27L4BI, TLC27L91 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo - 10 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27L41 
Va = 1.4 V, VIC = 0 V, 25°C 1.1 10 

RS = 50 II, RL = 1 Mil Full range 13 

Va = l.4V, VIC = 0 V, 25°C 0.9 5 
TLC27L4AI 

RS = 50 II, RL = 1 Mil Full range 7 
Via Input offset voltage 

Va = 1.4 V, VIC = 0 V, 25°C 260 2000 
TLC27L4BI 

3500 RS = 5011, RL = 1 Mil Full range 

Va = 1.4 V, VIC = 0 V, 25°C 210 1200 
TLC27L91 

RS = 5011, RL = 1 Mil Full range 2900 

Average temperature coefficient 25°C to 
"'via 1 

of input offset voltage 85°C 

25°C 0.1 
110 Input offset current (see Note 4) Va = 5 V, VIC = 5 V 

85°C 26 1000 

IJ 
liB Input bias current (see Note 4) Va = 5 V, VIC = 5 V 

25°C 0.7 

85°C 220 2000 

-0.2 -0.3 

25°C to to 

Common-mode input 9 9.2 
VICR voltage range (see Note 5) -0.2 

Full range to 

8.5 

25°C 8 8.9 

VOH High-level output voltage VIO = 100 mV, RL = 1 Mil -40°C 7.8 8.9 

85°C 7.8 8.9 

25°C 0 50 

VOL Low-level output voltage VIO = -100 mV, 10L = 0 -40°C 0 50 

85°C 0 50 

25°C 50 800 

AVO 
Large-signal differential 

Va = 1 V to 6 V, RL = 1 Mil -40°C 50 1550 
voltage amplification 

85°C 50 585 

25°C 65 97 

CMRR Common-mode rejection ratio VIC = VICR min -40°C 60 97 

86°C 60 98 

25°C 70 97 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, VO=l.4V -40°C 60 97 
(AVOO/AVIO) 

85°C 60 98 

VIC = 5 V, 
25°C 57 92 

100 
Supply current Va = 5 V, 

-40°C 98 172 
(four amplifiers) No load 

85°C 40 72 

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 were determined mathematically. 
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TLC27L4C, TLC27L4AC, TLC27L4BC, TLC27L9C 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

Vo = 1.4 V, VIC = 0 V, 25°C 1.1 10 
TLC27L4C 

RS = 5011, RL = 1 Mil Full range 12 

Vo = 1.4 V, VIC = 0 V, 25°C 0.9 5 
TLC27L4AC 

Input offset voltage 
RS = 5011, RL = 1 Mil Full range 6.5 

VIO 
Vo = 1.4 V, VIC = 0 V, 25°C 240 2000 

TLC27L4BC 
RS = 5011, RL = 1 Mil Full range 3000 

Vo - 1.4 V, VIC - a V, 25°C 200 900 
TLC27L9C 

RS = 5011, RL = 1 Mil Full range 1500 
Average temperature coefficient 25°C to 

"VIO 70°C 
1.1 

of input offset voltage 

110 Input offset current (see Note 4) Vo = 2.5 V, VIC = 2.5 V 
25°C 0.1 

70°C 7 300 

liB Input bias current (see Note 4) Vo = 2.5 V, VIC = 2.5 V 
25°C 0.6 

70°C 40 600 

-0.2 -0.3 

25°C to to 

Common-mode input 4 4.2 
VICR voltage range (see Note 5) -0.2 

Full range to 

3.5 

25°C 3.2 4.1 

VOH High-level output voltage VID = 100 mV, RL = 1 Mil ooC 3 4.1 

70°C 3 4.2 

25°C a 50 

VOL Low-level output voltage VIO = -100 mV, 10L = a ooc a 50 

70°C a 50 

25°C 50 520 

Avo 
Large-signal differential 

Vo = 0.25 V to 2 V, RL = 1 Mil ooC 50 6BO 
voltage amplification 

70°C 50 380 

25°C 65 94 

CMRR Common-mode rejection ratio VIC = VICR min ooC 60 95 

70°C 60 95 

25°C 70 97 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Vo = 1.4 V ooC 60 97 
(a.VOO/a.VIO) 

70°C 60 98 

Supply current Vo = 2.5 V, 
25°C 40 68 

100 
VIC = 2.5 V, 

ooC 48 84 
(four amplifiers) No load 

70°C 31 56 

t Full range is ooC to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27L4C, TLC27L4AC, TLC27L4BC, TLC27L9C 
UnCMOS™ PRECISION "QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo - 10 V (unless otherwise noted) 

o 
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PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

Vo = 1.4 V, VIC = 0 V, 25·C 1.1 10 
TLC27L4C 

RS = 5011, RL ",,1 Mil Full range 12 

TLC27L4AC 
Vo = 1,4 V, VIC = 0 V, 25·C 0,9 5 

VIO Input offset voltage 
RS = 5011, RL = 1 Mil Full range 6.5 

Vo = 1.4 V, VIC = 0 V, 25·C 260 2000 
TLC27L4BC 

RS = 5011, RL = 1 Mil Full range 3000 

Vo = 1.4 V, VIC = 0 V, 25·C 210 1200 
TLC27L9C 

RS = 5011, RL = 1 Mil Full range 1900 
Average temperature coefficient 25·C to 

aVIO 70·C 
1 

of input offset voltage 
25·C 0.1 

110 Input offset current (see Note 4) Vo = 5 V, VIC = 5 V 
70·C 7 300 

25·C 0.7 
liB Input bias current (see Note 4) Vo = 5 V, VIC = 5 V 

70·C 50 600 

-0.2 -0.3 

25·C to to 

Common-mode input 9 9.2 
VICR voltage range (see Note 5) -0,2 

Full range to 

B,5 

25·C B 8.9 

VOH High-level output voltage VID = 100 mV, RL = 1 Mil O·C 7.8 8.9 

70·C 7.8 8.9 
25·C 0 50 

VOL Low-level output voltage VID = -100 mV, IOL = 0 O·C 0 50 
70·C 0 50 
25·C 50 870 

AVO 
Large-signal differential 

Vo = 1 V to 6 V, RL = 1 Mil O·C 50 1020 
voltage amplification 

70·C 50 660 
25·C 65 97 

CMRR Common-mode rejection ratio VIC = VICR min O·C 60 97 

70·C 60 97 

25·C 70 97 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Vo = 1.4 V O·C 60 97 
(AVOO/AVIO) 

70·C 60 98 

25·C 57 92 

100 
Supply current Vo = 5 V, VIC = 5 V, 

O·C 72 132 
(four amplifiers) No load 

70·C 44 80 

t Full range is O·C to 70·C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27L4M, TLC27L9M 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 

operating characteristics. VOO - 5 V 

PARAMETER TEST CONDITIONS TA MIN TVP MAX UNIT 

25°C 0.03 

RL = 1 MD, 
VIPP = 1 V -55°C 0.04 

125°C 0.02 
SR Slew rate at unity gain CL = 20 pF, 

25°C 0.03 
V/~s 

See Figure 1 
VIPP = 2.5 V -55°C 0.04 

125°C 0.02 

Vn Equivalent input noise voltage 
f = 1 kHz, 

See Figure 2 
RS = 100D, 

25°C 70 nV/$. 

25°C 5 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

-55°C 8 kHz 
RL = 1 MD, See Figure 1 

125°C 3 

25°C 85 

B1 Unity-gain bandwidth 
Vi = 10 mV, CL = 20 pF, 

-55°C 140 kHz 
See Figure 3 

125°C 45 

25°C 34° 

<l>m Phase margin 
Vi = 10 mV, f = B1, 

-55°C 39° 
CL = 20 pF, See Figure 3 

125°C 25° 

operating characteristics. VOO = 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.05 

VIPP = 1 V -55°C 0.06 
RL = 1 Mil, 

125°C 0.03 
SR Slew rate at unity gain CL = 20 pF, V/~ 

See Figure 1 
25°C 0.04 

VIPP = 5.5 V -55°C 0.06 

125°C 0.03 

Vn Equivalent input noise voltage 
f=1kHz, 

See Figure 2 

RS = 10011, 
25°C 70 nV/$. 

25°C 1 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

-55°C 1.5 kHz 
RL = 1 Mil, See Figure 1 

125°C 0.7 

25°C 110 

B1 Unity-gain bandwidth 
Vi = 10mV, CL = 20 pF, 

-55°C 165 kHz 
See Figure 3 

125°C 70 

25°C 38° 

<l>m Phase margin 
Vi = 10 mV, f = B1, 

-55°C 43" 
CL = 20 pF, See Figure 3 

125°C 29° 
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TLC21L41, TLC21L4AI, TLC21L4BI, TLC21L91 
LinCMOSN PRECISION QUAD OPERATIONAL AMPLIFIERS 

operating characteristics. VOO - 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25·C 0.03 

VIPP = 1 V -40·C 0.04 
RL = 1 MO. 

S5·C 0.03 
SR Slew rate at unity gain CL = 20 pF. V/~s 

25·C 0.03 
See Figure 1 

VIPP = 2.5 V -40·C 0.04 

S5·C 0.02 

Vn Equivalent input noise voltage 
f = 1 kHz. RS = 100 O. 

25°C 70 nV/$. 
See Figure 2 

25·C 5 

BaM Maximum output swing bandwidth 
Va = VOH. CL = 20 pF. 

-40°C 7 kHz 
RL = 1 MO. See Figure 1 

B5·C 4 E 
25·C B5 

Bl Unity-gain bandwidth 
Vi = 10 mY. CL = 20 pF. 

-40°C 130 kHz 
See Figure 3 

S5°C 55 

25°C 34· 

<Pm Phase margin 
Vi = 10 mY. f = Bl. 

-40·C 3S· 
CL = 20 pF. See Figure 3 

S5·C 2S· 

operating characteristics. VOO - 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25·C 0.05 

RL = 1 MO. 
VIPP = 1 V -40·C 0.06 

85·C 0.03 
SR Slew rate at unity gain CL - 20 pF. 

25·C 0.04 
VIpS 

See Figure 1 
VIPP = 5.5 V -40·C 0.05 

85·C 0.03 

Vn Equivalent input noise voltage 
f=lkHz. 

See Figure 2 
RS = 100 O. 

25·C 70 nV/$. 

25·C 1 

BaM Maximum output swing bandwidth 
Va = VOH. CL = 20 pF. 

-40·C 1.4 kHz 
RL = 1 MO. See Figure 1 

85·C 0.8 

Vi = 10mV. CL = 20 pF. 
25·C 110 

Bl Unity-gain bandwidth -40°C 155 kHz 
See Figure 3 

85·C 80 

25°C 38° 

<Pm Phase margin 
Vi = 10mV. f = Bl. 

-40°C 42· 
CL = 20 pF. See Figure 3 

S5°C 32· 
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TLC27L4C. TLC27L4AC. TLC27L4BC. TLC27L9C 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

operating characteristics. VOO - 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25·C 0.03 

VIPP = 1 V O·C 0.04 
RL = 1 Mil. 

70·C 0.03 
SR Slew rate at unity gain CL = 20 pF. 

25·C 0.03 
V/~s 

See Figure 1 
VIPP = 2.5 V O·C 0.03 

70·C 0.02 

Vn Equivalent input noise voltage 
f - 1 kHz. RS - 10011. 

25·C 70 nV/$. 
See Figure 2 

CL = 20 pF. 
25·C 5 

BaM Maximum output swing bandwidth 
Vo = VOH. 

O·C 6 kHz 
RL = 1 Mil. See Figure 1 

70·C 4.5 

Vi = 10mV. CL = 20 pF. 
25·C 85 

Bl Unity-gain bandwidth O·C 100 kHz 
See Figure 3 

70·C 65 

25·C 34· 

<Pm Phase margin 
Vi = 10 mY. f = Bl. 

O·C 36· 
CL = 20 pF. See Figure 3 

70·C 30· 

operating characteristics. VOO - 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25·C 0.05 

VIPP = 1 V O·C 0.05 
RL = 1 Mil. 

70·C 0.04 
SR Slew rate at unity gain CL = 20 pF. V/~s 

See Figure 1 
25·C 0.04 

VIPP = 5.5 V O·C 0.05 

70·C 0.04 

Vn Equivalent input noise voltage 
f = 1 kHz. RS=1001l. 

25·C 70 nV/$. 
See Figure 2 

25·C 1 

BaM Maximum output swing bandwidth 
Va = VOH. CL = 20 pF. 

O·C 1.3 kHz 
RL = 1 Mil. See Figure 1 

70·C 0.9 

Vi = 10 mY. CL = 20 pF. 
25·C 110 

Bl Unity-gain bandwidth O·C 125 kHz 
See Figure 3 

70·C 90 

Vi = 10mV. f = Bl. 
25·C 38· 

<Pm Phase margin O·C 40· 
CL = 20 pF. See Figure 3 

70·C 34· 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL ~MPLIFIERS 

PARAMETER MEASU~EMENT INFORMATION 

single-supply versus split-supply test circuits 

Because the TLC27L4 and TLC27L9 are 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 will give the same result. 

> ......... - ..... -Vo 

VOD-

(81 SINGLE·SUPPLY (bl SPLIT ·SUPPL Y 

FIGURE 1. UNITY·GAIN AMPLIFIER 

10 kll 10 kll 

VOO+ 

1/2 VOO Vo Vo 

100 II 

(81 SINGLE·SUPPL Y (bl SPLIT ·SUPPL Y 

FIGURE 2. NOISE TEST CIRCUIT 

10 kll 10 kll 

100 II 

1/2Voo---I 

VOO-

(al SINGLE·SUPPL Y (bl SPLIT·SUPPLY 

FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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input bias current 

TLC27L4. TLC27L4A. TLC27L4B. TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Because of the high input impedance of the TLC27L4 and TLC27l9 op amps, attempts to measure the 
input bias current can result in erroneous readings. The bias currerit at normal room 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: 

1. Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 

2. 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. 

One word of caution ... many automatic testers as well as some bench-top op amp 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. 

7 

ccccccc 
ccccccc 
8 

FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(J AND N DUAl-IN-L1NE-PACKAGEI 

low-level output voltage 

To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output 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 Figures 14 through 19 in the Typical Characteristics 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 will result 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. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 
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TLC27L4, TLC27L4A, TLC27L4B, TLJ~7L9 . 
LinCMOSTM PRECISION QUAD OPERAtiONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

full-power response 

Full-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways ... full-linear response' and full-peak response. The full-linear response is 
gener.ally 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 da.ta sheet and is measured using the circuit of Figure 1. 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 5). A square w!lve is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached . 

JL 11 A 
lal f - 100 Hz Ibl BOM > f > 100 Hz lei f - BOM Idl f> BOM 

FIGURE 5. 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 . 
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TLC27L4. TLC27L4A. TLC27L4B. TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLC27L4 
INPUT OFFSET VOLTAGE 

905 Amplifiers 

60 VOO - 5 V 
TA - 25°C 

~ 50 
I 

N Package 

.~ c 
~ 40~~--~~--~ 

1 0 ~~--~-I--

oL--............... • 
-5 -4 -3 -2 -1 0 2 3 4 5 

Vlo-lnput Offset Voltage-mV 

FIGURE 6 

DISTRIBUTION OF TLC27L4 AND TLC27L9 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Amplifiers tested 

60 VOO - 5 V 
TA - 25°C to 125 

~ 50 N Package 

!l 
·2 
~ 40 

1 0 ~~--f--+-

0 .................. ..-... 
-10 -8 -6 -4 -2 0 2 4 6 8 10 

"'VIO-Temperature Coefficient-INI °C 

FIGURE 8 

DISTRIBUTION OF TLC27L4 
INPUT OFFSET VOLTAGE 

70~~~----~--~~~~~~--, 
905 Amplifiers 

60 VOO - 10 V-l--+-l--+-l---I--I 
TA - 25°C 
N Package 

~ 501---+--+-t--+­I 
In 

'2 
~ 40~~--f-~--~ 

., 
go 301-+--1--+--f--­
E ., 
i! 
~ 20~~--f-~--~ 

1 0 ~~--f--+-

0L--....... __ • 

-5 -4 -3 -2 -1 0 2 3 4 5 
Vlo-lnput Offset Voltage-mV 

FIGURE 7 

DISTRIBUTION OF TLC27L4 AND TLC27L9 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Amplifiers tested 

60 VOO - 10 V 
TA - 25°C to 125°C 

~ 50 
!l 

N Package 

·2 
~ 40 

" go 301-+--1--+--f---
E 

1 20~~--f-~--~ 
1 0 ~~--f--+-

0 .................. .-... 
-10-8-6 -4-20 24 6810 

"'VIO- Temperature Coefficient-I'V/oC 

FIGURE 9 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

> 
I 
3-

! 
~ o 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

5r-~-r----~---r----~--, 

VIO - 100 mV 
TA - 25°C 

~ 2 
.i: 
'" :r 
~ 1~--~-----+-----r-----r--~ 
~ 

16 

~ 14 .. 
'" ~ 12 
> 
!:i 10 

g 8 

! 6 
.c 
J!.' T 4 
:z: o > 2 

o 

O~--~----~----~--~----~ o -2 -4 -6 -8 
IOH-Hlgh-Level Output Current-mA 

FIGURE 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

-10 

VIO - 100 mV 
RL-1MO 

V TA - 25°C 

/ 
V 

// 

/ 
V 

/ 
/ 

o 2 4 6 8 10 12 14 16 
VOO-Supply Voltage-V 

FIGURE 12 

16 

....., 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CYRRENT 

VIO" 100 mV 

-...... ~OO - 16V 
TA - 25°C 

............. r--.... 

:--- ............. 
""-

o 
o 

VOO-1.6 

~ VOO-1.7 .. 
'" S VOO-1.8 

~ 
!:i VOO-1.9 

~ 
o VOO-2.0 

~ 
~ VOO-2.1 
j 
T VOO-2.2 
:z: 
~ VOO-2.3 

.......... 
~~O - 10V 

............ 

-10 -20 -30 -40 

IOH-High-Level Output Current-mA 

FIGURE 11 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I 
IOH - -5 mA 

............. ~~O - 5V 
VIO - 100 mV 

~ 
........ 

r---... r-----.. ~ 
VOO - 10 V ........... 

"" '",,-
'-.... 

I'-..... 

"" VOO-2.4 
-75 -50-25 0 25 50 75 100 125 

TA-Free-Air Temperature- °C 

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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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

VOO - 5 V .\ IOl - 5mA-

\ TA - 25·C 

\ 
i\VIO - -100 mV 

\ 

'" t"-.." i'-.. 
VIO - -1 V ...... ~ ::-.....---I I 

-.....: ~ r--
2 3 

Vlc-Common-Mode Input Voltage-V 

r----

\: 
'\.. 

FIGURE 14 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

I I I 

IOl-5mA 
VIC - I VIO/21 
TA - 25·C 

I I I 
,VOO - 5 V 

~ 
VOO - 10 V-

. - _ . ---
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J 
1400 

] 350 

j 
, 300 ... 
o 
> 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

I 

I I I 

VOO - 10 V 
IOl-5mA 

1\ 
I TA - 25°C -

\ 
-100 mV 

\ .~ 
____ VIO -

/VIO - -1V 

~ 
(:JVIO -

-2:5 V 

~ ~ ~ 
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o 2 4 6 8 10 

900 

~ 800 , 
8. 700 

i > 600 
; 
... 500 

~ 
'ii 400 

! , 300 
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Vlc-Common-Mode Input Voltage-V 

FIGURE 15 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I-IOl - 5 mA 
VIO - -1 V V I- VIC - 0.5 V 

/' VOO - 5 V 

/V V 
~ V/ 

--

/ V 
V ....... VOO - 10 V ..-

~--

o 
o -2 -4 -6 

o 
-8 -10 -75 -50 -25 0 25 50 75 100 125 

Vlo-Oifferentiallnput Voltage-V 

FIGURE 16 

TA -Free·Air Temperature-·C 

FIGURE 17 

toats at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

I I 
0.9 -VIO--1V 

VIC - 0.5 V o.s 
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./ 0.1 
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IOL -Low-Level Output Current-rnA 

FIGURE 18 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 
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FIGURE 20 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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IOL -Low-Level Output Current-rnA 

FIGURE 19 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

RL-1MO_ , 
\ 

\ VOO - 10 V 

'" '" 
""-... ...... 

............. I'-..... 
VOO - 5 V ........ '-.. ............. 

.......... 
........ r--~ 

o 
-75 -50 -25 o 25 50 75 100 125 

T A - Free-Air Ternperature- DC 

FIGURE 21 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

COMMON-MODE 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT INPUT VOLTAGE POSITIVE LIMIT 

vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 

10000 16 
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1000 "See Note 4 

1 
I 
C 
! 100 
:; 
u 
I 
g 

10 ... c .. 
~ 

0_1 
25 

180 

160 

C 140 ... 
1.120 
~ 
:; 100 
u 

j 80 

ur 60 
Q 
S 40 

liB 

/' ./ 

110 

V V 

~ ~ 

~ ~ 

~ , 
45 65 85 105 
TA-Free-Air Temperature- °C 

FIGURE 22 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
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FIGURE 24 
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FIGURE 23 

SUPPLY CURRENT 
vs 

/ 
/ 

14 

FREE-AIR TEMPERATURE 

Vo - VOO/2 
No load 
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............ 
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16 

-75 -50 -25 0 25 50 75 100 125 
TA -Free-Air Temperature- DC 

FIGURE 25 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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TLC27L4. TLC27L4A. TLC27L4B. TLC27L9 
LinCMOSTM PRECISION QUAD OPEATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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NORMALIZED SLEW RATE 
vs 

FREE-AIR TEMPERATURE 
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TA-Free-Air Temperature- °C 

FIGURE 28 

SLEW RATE 
vs 

FREE-AIR TEMPERATURE 

0.07 r--..,.-"'I"'-'!-".....,.-~-.,........,-"'II 

0.061----f ...... -+ 

RL-1MO 
CL-20pF 
AV - 1 
See Figure 1 
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II 0.041--"t-o;;;::-+--l---+-~~ 
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j 0.031---+-ft--t-= ...... ::="'-...!:::--+-"""",......-I 
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lJi 0.02 

0.011--+-+--l-VOO - 6 V 
VIPP - 2.6 V 

0.00 ......... _ .... --'-..... _"-...... -...1---' 
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TA-Free-Alr Temperature- °C 

FIGURE 27 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

10 

9 
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VOO - 10 v\ ~ TA - 126°C 
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r-- See Figure 1 
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FIGURE 29 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC27L4. TLC27M2A. TLC27M2B. TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

UNITY-GAIN BANDWIDTH 
vs 

FREE-AIR TEMPERATURE 

I 1 
VDD - & V 
VI - 10 mV 

\ CL-20pf 

N 
% ... 
I 

140 

130 

120 

UNITY-GAIN BANDWIDTH 
vs 

SUPPLY VOLTAGE 

..! 
VI - 10 mV 

-CL-20pf 

/ _TA-25·C 

/ 

See figure 3 

'\ 
~ 

i 110 

J 
1 110 
'1:1 c , 100 

See figure 3 V 
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30 
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""" '-.... ........ 
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FIGURE 30 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 

VDD - 5 V 

~ 
RL-1MIl 
TA - 25·C 

i',. 
'\ ~VD 1\ 

'- "-
Phase Shift " ~ ~ 

~ 

O· 

30· :: 
:c 
II) 
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CD .c 
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150· 

180· 0.1 
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FIGURE 32 
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FIGURE 31 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHifT 

vs 
FREQUENCY 

~DD - 10 V 

~ 
RL - 1 Mil -
TA - 25·C 
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'" 
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FIGURE 33 

fOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC21L4, TLC21L4A, TLC21L4B, TLC21L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

42 

PHASE MARGIN 
vs 

SUPPLY VOLTAGE 

1 .1 
Vi - 10 mV 

r- CL - 20 pF /"" 
TA - 25°C / 

co 40 

~ 
138 
I 

S •• Figur. 3 V 
.~ 
:i 36 

: 
f 34 
I 

J 
32 

30 

/ 
V 

/ 
/ 

V 
/ 

/ 

o 2 4 6 8 10 12 14 16 

37 

~ 

27 

25 
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" 

VOO-Supply Voltag.-V 

FIGURE 34 

PHASE MARGIN 
vs 

CAPACITIVE LOAD 

V~O ~ 5 J 
Vi - 10mV_ 
TA - 25°C 

I"-. S •• Figur. 3 

I'---

" !"-... '" "-'" " 
20 40 60 80 100 

CL -Capacitiv. Load-pF 

FIGURE 36 

40 
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PHASE MARGIN 
vs 

FREE-AIR TEMPERATURE 
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S •• Figure 3-
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FIGURE 35 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 
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·1 z 100 

i 
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FIGURE 37 

t Data at high and low temperatures are applicable only within the rated operating free-air temper~ture ranges of the various devices. 
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single-supply operation 

TLC27L4. TLC27L4A. TLC27L4B. TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

While the TLC27L4 and TLC27LS perform well using dual power supplies (also called balanced or split 
supplies). the design is optimized for single-supply operation. This design 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 3 V (C-suffix types). thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however. for maximum dynamic range. 16-V single-supply 
operation is recommended. 

Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC27L4 and TLC27LS permits the use of very large resistive 
values to implement the voltage divider. thus minimizing power consumption. 

The TLC27L4 and TLC27LS work 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: 

1. Power the linear devices from separate bypassed supply lines (see Figure 3S); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however. high-frequency applications may require RC decoupling. 

VDD 

Vo 

R3 
VREF - voo R1 ... R3 

FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 

(al COMMON SUPPLY RAILS 

(bl SEPARATE BYPASSED SUPPLY RAILS (PREFERREDI 

FIGURE 3S. COMMON VS SEPARATE SUPPLY RAILS 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

input characteristics 

The TLC27L4 and TLC27L9 are 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. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at VOO -1 Vat T A = 25°C and at VOO -1.5 V at all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLC27L4 and TLC27L9 
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 poly silicon 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 ,N/month, 
including the first month of operation. 

Because of the extremely high input impedance and resulting low bias current requirements, the TLC27L4 
and TLC27L9 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 a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 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 40). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 

noise performance 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC27L4 and 1LC27L9 result in a very low noise 
current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kD, since bipolar devices exhibit 
greater noise currents. 

lal NONINVERTING AMPLIFIER Ibl INVERTING AMPLIFIER lei UNITY-GAIN AMPLIFIER 

FIGURE 40. GUARD-RING SCHEMES 

output characteristics 

2-664 

The output stage of the TLC27L4 and TLC27L9 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. 

All operating characteristics of the TLC27L4 and TLC27L9 were measured using a 20-pF load. The devices 
will drive 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 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

la) CL - 20 pF, RL - NO LOAD 

Ie) CL - 310 pF, RL - NO LOAD 

Ib) CL - 260 pF, RL - NO LOAD 

-2.SV 

Vo 

CL TA - 2S GC 
f - 1 kHz 

VIPp-1V 

Id) TEST CIRCUIT 

FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 

Although the TLC27L4 and TLC27L9 possess excellent high-level output voltage and current capability, 
methods for boosting this capability are available, if needed. The simplest method involves the use of a 
pullup resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First, the NMOS pull-down 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 D and 180 D, depending on how hard the op amp input is 
driven. With very low values of Rp, a voltage offset from 0 V at the output will occur. Second, pull up 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 

feedback 

Op amp circuits nearly always employ feedback, and since feedback is the first prerequisite for oscillation, 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) 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. 
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TLC21L4, TLC21L4A, TLC21L4B, TLC21L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

Voo 

Rp 

Vo 
Ip - Pullup current required by 

R2 the op amp (typically 500 pAl 

R1 

FIGURE 42. RESISTIVE PULLUP TO INCREASE VOH 

electrostatic discharge protection 

c 

FIGURE 43. COMPENSATION FOR 
INPUT CAPACITANCE 

The TLC27L4 and TLC27L9 incorporate an internal electrostatic discharge (ESD) protection circuit that 
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. 

latchup 

Because CMOS devices are susceptible to latch up due to their inherent parasitic thyristors, the TLC27L4 
and TLC27L9 inputs and outputs were designed to withstand -1 ~O-rnA surge currents without sustaining 
latchup; however, techniques should be used to reduce the chance of latchup 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 (0.1 "F typical) 
located across the supply rails as dose to the device as possible. 

The current path established if latchup 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 latchup 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 latchup occurring increases with increasing temperature and supply voltages. 
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0.1 "F I 
500 kll 

500 kll 

TLC27L4. TLC27L4A. TLC27L4B. TLC27L9 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

500 kll >-...... --V01 V' 
5V 

>-.......... ------- V02 Lfl 

500 kll 

FIGURE 44. MULTIVIBRATOR 

100 kll 

VDD 
100 kll 

SET 

RESET 
100 kll 

":' 
33 kll 

NOTE: Vee = 5 V to 16 V 

FIGURE 45. SET/RESET FLIP-FLOP 
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TLC27L4, TLC27L4A, TLC27L4B, TLC27L9 
LinCMOS"" PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

VDD 

VI----I 

>--+---VO 

.". 

VDD 90 kO 

S1 C Xl 
B 

A TlC4088 1 
1 

S2 C X2 
B ANALOG 2 

A SWITCH 2 

9 kO 

1 kO 

NOTE: VOO = 5 V to 12 V 

FIGURE 46. AMPLIFIER WITH DIGITAL GAIN SELECTION 

10 kO 

VDD 

NOTE: VOO = 5 V to 16 V 

FIGURE 47. FULL-WAVE RECTIFIER 
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TLC27L4, TLC27L4A, TLC27L48, TLC27L9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

0.016 "F 

6V 
10 kll 10 kll 

>-.......... - Vo 

NOTE: Normalized to Fe = 1 kHz and RL = 10 kll 

FIGURE 48. TWO·POLE LOW·PASS BUTTERWORTH FILTER 

R2 
100 kll 

R1 VOO 
10 kll 

R1 
10 kll R2 

100 kll 

NOTES: VOO = 5 V to 16 V 
R2 

Vo = ii1 (VIS - VIA) 

>-...... --Vo 

FIGURE 49. DIFFERENCE AMPLIFIER 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS 

• Trimmed Offset Voltage: 
TLC27M7 ... 500,.V Max at 25°C, 
VDD - 5V 

• Input Offset Voltage Drift ... Typically 
0.1 ,.V/Month, Including the First 30 Days 

• Wide Range of Supply Voltages over 
Specified Temperature Range: 
-55°C to 125°C ... 4 V to 16 V 
-40°C to 85°C ... 4 V to 16 V 

OOC to 70°C ... 3 V to 16 V 

• Single-Supply Operation 

• Common-Mode Input Voltage Range 
Extends Below the Negative Rail IC-Suffix, 
I-Suffix types) 

• Low Noise ... Typically 32 nV/JHz 
atf - 1 kHz 

• Low Power ... Typically 2.1 mW at 25°C, 
VDD - 5 V 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance .•. 1012 {) Typical 

• ESD-Protection Circuitry 

• Small-Outline Package Option Also Available 
in Tape and Reel 

• Designed-In Latchup Immunity 

AVAILABLE OPTIONS 

Vlomax 
PACKAGE 

SMALL CHIP CERAMIC 
TA at 

25·C 
OUTLINE CARRIER DIP 

(D) (FK) (JG) 

O·C 
500p.V TLC27M7CD - TLC27M7CJG 

2 mV TLC27M2BCD - TLC27M2BCJG 
to 

5 mV TLC27M2ACD 
70·C 

- TLC27M2ACJG 

10mV TLC27M2CD - TLC27M2CJG 

-40·C 
500p.V TLC27M71D - TLC27M71JG 

2 mV TLC27M2BID - TLC27M2BIJG 
to 

85·C 
5 mV TLC27M2AID - TLC27M2AIJG 

10 mV TLC27M21D - TLC27M21JG 

-55°C 500p.V - TLC27M7MFK TLC27M7MJG 
to 

125°C 10mV - TLC27M2MFK TLC27M2MJG 

03140. OCTOBER 19B7-REVISEO FEBRUARY 19B9 

D. JG. OR P PACKAGE 
(TOP VIEW) 

10UTD8 VDD 
1 IN- 2 7 2 OUT 

1 IN + 3 6 21N-

GND 4 5 21N+ 

NC 4 
1 IN- 5 

NC 6 

11N+ 

NC 8 

FK PACKAGE 

(TOP VIEW) 

I-

u 5 u gu 
z~z>z 

3 2 1 20 19 

9 1011 12 13 

NC-No internal connection 

18 

17 

16 

15 

14 

DISTRIBUTION OF TLC27M7 
INPUT OFFSET VOLTAGE 

PLASTIC 

DIP 
(P) 

TLC27M7CP ?P-
TLC27M2BCP 

TLC27M2ACP 

I 

·i 
" TLC27M2CP b 15 

TLC27M71P 

TLC27M2BIP 

.. 
! c 10 .. 

TLC27M2AIP 

TLC27M21P 

2 
I-

5 

-
0 

- -400 o 400 
Vlo-lnput Off.et Voltage-p.V 

800 

The D package is available in tape and reel. Add R suffix to the device type (e.g., 
TLC27M7CDR). 

LinCMOS is a trademark of Texas Instruments Incorporated 

PRODUCTION DATA doc.ments contain 
information current as of publication data. 

Copyright @ 1987, Texas Instruments Incorporated 
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TLC27M2. TLC27M2A. TLC27M2B. TLC2'7M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

description 

The TLC27M2 and TLC27M7 dual operational amplifiers combine a wide range of input offset voltage 
grades with low offset voltage drift, high input impedance, low noise, and speeds comparable to that of 
general-purpose bipolar devices. These devices use Texas Instruments silicon-gate LinCMOS" technology, 
which provides offset voltage stability far exceeding the stability available with conventional metal-gate 
processes. 

The extremely high input impedance and low bias currents make these cost-effective devices ideal for 
applications which have previously been reserved for general-purpose bipolar products, but with only a 
fraction of the power consumption. Four offset voltage grades are available (C-suffix and I-suffix types), 
ranging from the low-cost TLC27M2 (10 mY) to the high-precision TLC27M7 (500 p.V). These advantages, 
in combination with good common-mode rejection and supply voltage rejection, make these devices a good 
choice for new state-of-the-art designs as well as for upgrading existing designs. 

In general, many features associated with bipolar technology are available on LinCMOS'" operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC27M2 and TLC27M7. The devices also exhibit low voltage single-supply operation and low 
power consumption, making them ideally suited for remote and inaccessible battery-powered applications. 
The common-mode input voltage range includes the negative rail. 

A wide range of packaging options is available, including small-outline and chip carrier versions for high­
density system applications. 

The device inputs and outputs are designed to withstand - 100-mA surge currents without sustaining 
latchup. 

The TLC27M2 and TLC27M7 incorporate 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. 

M-suffix devices are characterized for operation over the full military temperature range of - 55 DC 
to 125 DC. I-suffix devices are characterized for operation from - 40 DC to 85 DC, and C-suffix devices 
are characterized for operation from ODC to 70 DC. 

2-672 TEXAS .." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOS'" PRECISION DUAL OPERATIONAL AMPLIFIERS 

equivalent schematic leach amplifier) 
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TLC27M2. TLC27M2A. TLC27M2B. TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage range, VI (any input) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VDD 
Input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 mA 
Output current, 10 (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Total current into VDD terminal ..................... . . . . . . . . . . . . . . . . . . . . . . . .. 45 mA 
Total current out of ground terminal ........................................... 45 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, T A: M-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

I-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 
C-suffix ................................ OOC 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: D and P package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C 

NOTES: 1. All voltage values. except differential voltages. are with respect to network ground. 
2. Differential voltages are at the non inverting 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 Isee application section). 

DISSIPATION RATING TABLE 

PACKAGE 
TA :s 25°C DERATING FACTOR TA - 70°C TA - B5°C 

POWER RATING ABOVE TA - 26°C POWER RATING POWER RATING 

D 725 mW 5.8 mW/oC 464mW 377 mW 

FK 1375 mW 11 mW/DC 880mW 715 mW 

JG 1M-suffix) 1050 mW 8.4 mW/DC 672mW 546 mW 

JG IC-. I·suffix) 825 mW 6.6 mW/DC 528 mW 429mW 
p 1000mW 8.0 mW/DC 640mW 520mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN 

Supply voltage. VDD 4 16 4 16 3 

I VOD = 5 V 0 3.5 -0.2 3.5 -0.2 
Common-mode input voltage. VIC I 0 

0 8.5 -0.2 8.5 -0.2 VDD = 1 V 
Operating free-air temperature. T A -55 125 -40 85 0 

TA - 125°C 
POWER RATING 

275 mW 

210mW 

C-SUFFIX 

NOM MAX 

16 

3.5 
8.5 

70 

UNIT 

V 

V 

DC 
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TLC27M2M, TLC27M7M 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified fre~"air temperature. VOO - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TlC27M2M 
Vo = 1.4 V, VIC = 0 V, 25°C 1.1 10 

RS = 50 Il, Rl = 100 kll Full range 12 
Via Input offset voltage 

Va - 1.4 V, VIC - 0 V, 25°C 185 500 
TlC27M7M 

RS = 501l, Rl = 100 kll Full range 3750 

Average temperature coefficient 25°C to 
1.7 aVIO of input offset voltage 125°C 

110 Input offset current (see Note 4) Va = 2.5 V, VIC = 2.5 V 
25°C 0.1 

125°C 1.4 15 

liB Input bias current (see Note 4) Va = 2.5 V, VIC = 2.5 V 
25°C 0.6 

125°C 9 35 

0 -0.3 

25°.C to to 

Common-mode input 4 4.2 
VICR voltage range (see Note 5) 0 

Full range to 

3.5 

25°C 3.2 3.9 

VOH High-level output voltage VIO = 100 mY, Rl = 100 kll -55°C 3 3.9 

125°C 3 4 

25°C 0 50 

Val low-level output voltage VIO = -100 mY, 10l = 0 -55°C 0 50 

125°C 0 50 

25°C 25 170 

AVO 
large-signal differential 

Va = 0.25 V to 2 V, Rl = 100 kll -55°C 15 290 
voltage amplification 

125°C 15 120 

25°C 65 91 

CMRR Common-mode rejection ratio VIC = VICR min -55°C 60 89 

125°C 60 91 

25°C 70 93 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Vo = 1.4V -55°C 60 91 
(aVOO/aVIO) 

125°C 60 94 

VIC = 2.5 V, 
25°C 210 560 

100 
Supply current Va = 2.5 V, 

-55°C 340 880 
(two amplifiers) No load 

125°C 140 360 

t Full range is - 55°C to 125°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27M2M, TLC27M7M 
LinCMOSlM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo - 10 V (unless otherwise noted) 

o 
'a 
CD ;;; ... 
S· 
~ 
!. 

PARAMETER TEST CONDITIONS TAt MIN TYP' MAX 

TLC27M2M 
Va = 1.4 V, VIC = 0 V, 2S oC 1.1 10 

Via Input offset voltage 
RS = 500, RL = 100 kO Full range 12 

Va = 1.4 V, VIC = 0 V, 25°C 190 800 
TLC27M7M 

RS = 500, RL = 1,00 kO Full range 4300 
Average temperature coefficient 2S oC to 

2.1 "'VIO of input offset voltage 125°C 

Input offset current (see Note 4) Va = 5 V, VIC = S V 
25°C 0.1 

110 
125°C 1.8 15 

liB Input bias current (see Note 4) Vo = 5 V, VIC = 5 V 
25°C 0.7 

125°C 10 35 
0 -0.3 

25°C to to 

VICR 
Common-mode input 9 9.2 
voltage range (see Note 5) 0 

Full range to 
8.5 

25°C 8 8.7 

VOH High-level output voltage VID = 100 mV, RL = 100 kO -55°C 7.8 8.6 

126°C 7.8 8.8 

25°C 0 50 

VOL Low-level output voltage VID = -100 mV, IOL = 0 -55°C 0 60 

125°C 0 50 

Large-signal differential 
25°C 25 275 

AVO Va = 1 V to 6 V, RL = 100 kIl -55°C 15 420 
voltage amplification 

125°C 15 190 

25°C 65 94 
CMRR Common-mode rejection ratio VIC = VICR min -55°C 60 93 

125°C 60 93 

Supply-voltage rejection ratio 
25°C 70 93 

kSVR VDD = 5 V to 10 V, Vo = 1.4 V -56°C 60 91 
(aVDD,aVIO) 

125°C 60 94 

Vo = 5 V, VIC = 5 V, 
2S oC 286 600 

100 
Supply current 

-5S oC 490 1000 
(two amplifiers) No load 

125°C 180 480 

t Full range is - 55 DC to 125 DC. 
NOTES: 4. The typical values of input bias current and input offset current below S pA were determined mathematically. 

5. This range also applies to each input Individually. 
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TLC27M21, TLC27M2AI, TLC27M2BI, TLC27M71 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

Vo = 1.4 V, V'C = OV, 25°C 1.1 10 
TLC27M21 

RS = 5011, RL = 100 kll Full range 13 

TLC27M2AI 
Vo = 1.4 V, V'C = 0 V, 25°C 0.9 5 

RS = 5011, RL = 100 kll Full range 7 
V,O Input offset voltage 

Vo = 1.4 V, V'C = 0 V, 25°C 220 2000 
TLC27M2BI 

RL = 100 kll 3500 RS = 5011, Full range 

Va = 1.4 V, V'C = 0 V, 25°C 185 500 
TLC27M71 

RS = 5011, RL = 100 kll Full range 2000 

Average temperature coefficient 25°C to 
1.7 "'VIO of input offset voltage 85°C 

',0 Input offset current (see Note 4) Vo = 2.5 V, VIC = 2.5 V 
25°C 0.1 

85°C 24 1000 

Input bias current (see Note 4) Vo = 2.5 V, VIC = 2.5 V 
25°C 0.6 

liB 85°C 200 2000 

-0.2 -0.3 

25°C to to 

Common-mode input 4 4.2 
V,CR 

voltage range (see Note 5) -0.2 

Full range to 

3.5 

25°C 3.2 3.9 

VOH High-level output voltage V,D = 100 mV, RL = 100 kll -40°C 3 3.9 

85°C 3 4 

25°C 0 50 

VOL Low-level output voltage V,O = -100 mV, 10L = 0 -40°C 0 50 

85°C 0 50 

25°C 25 170 

AVO 
Large-signal differential 

Vo = 0.25 V to 2 V, RL = 100 kll -40°C 15 270 
voltage amplification 

85°C 15 130 

26°C 65 91 

CMRR Common-mode rejection ratio V'C = V,CR min -40°C 60 90 

85°C 60 90 

25°C 70 93 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Vo = 1.4 V -40°C 60 91 
(4VOO/4VI0) 

85°C 60 94 

Supply current 
25°C 210 560 

100 
Va = 2.5 V, VIC = 2.5 V, 

-40°C 315 800 
(two amplifiers) No load 

85°C 160 400 

t Full range is -40°C to 8S·C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27M21. TLC27M2AI. TLC27M2BI. TLC27M71 
linCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. VOO'''' 10 V (unless otherwise noted) 

E 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27M21 
Va = 1,4 V, VIC = a V, 25°C 1.1 10 

RS = 50 D, RL = 100 kD Full range 13 

VIC = 0 V, 25°C 
TLC27M2AI 

Va = 1.4 V, 0.9 5 

Input offset voltage 
RS = 50 D, RL = 100 kD Full range 7 

Via 
Va = 1.4 V, VIC = 0 V, 25°C 224 2000 

TLC27M2BI 
RS = 50 D, RL = 100 kD Full range 3500 

Va = 1.4 V, VIC = 0 V, 25°C 190 BOO 
TLC27M71 

RS = 50 D, RL = 100 kD Full range 2900 

Average temperature coefficient 25°C to 
2.1 "'via of input offset voltage 85°C 

110 Input offset current (see Note 4) Vo = 5 V, VIC = 5 V 
25°C 0.1 

85°C 26 1000 

liB Input bias current (see Note 4) Va = 5 V, VIC = 5 V 
25°C 0.7 

85°C 220 2000 

-0.2 -0.3 

25°C to to 

Common-mode input 9 9.2 
VICR voltage range (see Note 5) -0.2 

Full range to 

8.5 

25°C 8 8.7 

VOH High-level output voltage VIO = 100 mY, RL = 100 kD -40°C 7.8 8.7 

85°C 7.8 8.7 

25°C 0 50 

VOL Low-level output voltage VID = - 100 mY, 10L = 0 -40°C 0 50 

85°C 0 50 

25°C 25 275 

AVO 
Large-signal differential 

Vo = 1 V to 6 V, RL = 100 kD -40°C 15 390 
voltage amplification 

85°C 15 220 

25°C 65 94 

CMRR Common-mode rejection ratio VIC = VICR min -40°C 60 93 

85°C 60 94 

25°C 70 93 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Va = 1.4 V -40°C 60 91 
(AVOO/AVIO) 

85°C 60 94 

25°C 285 600 

100 
Supply current Vo = 5 V, VIC = 5 V, 

-40°C 450 900 
(two amplifiers) No load 

85°C 205 520 

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 were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27M2C, TLC27M2AC, TLC27M2BC, TLC27M7C 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo .. 5 V (unlass otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27M2C 
Vo = 1.4 V. VIC = 0 V. 25°C 1.1 10 

Rs = 50 Il. RL = 100 kll Full range 12 

VO=1.4V. VIC = 0 V. 25°C 0.9 5 
TLC27M2AC 

RL = 100 kll Full range 6.5 
Input offset voltage 

RS = 50 Il. 
VIO 

Vo - 1.4 V. VIC = 0 V. 25°C 220 2000 
TLC27M2BC 

RS=501l. RL = 100 kll Full range 3000 

Vo = 1.4 V. VIC = 0 V. 25°C 185 500 
TLC27M7C 

RS = 50 Il. RL = 100 kll Full range 1500 

Average temperature coefficient 25°C to 
aVIO 1.7 

of input offset voltage 70 DC 

25°C 0.1 
110 Input offset current Isee Note 4) Vo = 2.5 V. VIC = 2.5 V 

70°C 7 300 

liB Input bias current (see Note 4) Vo = 2.5 V. VIC = 2.5 V 
25 DC 0.6 

70°C 40 600 

-0.2 -0.3 

25 De to to 
Common-mode input 4 4.2 

VICR voltage range (see Note 5) -0.2 

Full range to 

3.5 

25°C 3.2 3.9 

VOH High-level output voltage VIO = 100 mY. RL = 100 kll ODe 3 3.9 

70°C 3 4 

25 DC 0 50 

VOL Low-level output voltage VIO = -100 mY. 10L = 0 ODC 0 50 

70 DC 0 50 

25 DC 25 170 

AVO 
Large-signal differential 

Vo = 0.25 V to 2 V. RL = 100 kll ODC 15 200 
voltage amplification 

70°C 15 140 

25°C 65 91 

CMRR Common-mode rejection ratio VIC = VICR min ooC 60 91 

70 DC 60 92 

25 DC 70 93 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V. Vo = 1.4 V ODC 60 92 
(4VOO/4VI0) 

70 DC 60 94 

Supply current Vo = 2.5 V. VIC = 2.5 V. 
25 DC 210 560 

100 ooe 250 640 
(two amplifiers) No load 

70 DC 170 440 

t Full range is 0 DC to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC21M2C. TLC21M2AC. TLC21M2BC. TLC21M1C 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo = 10 V (unless otherwise notedl 
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PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27M2C 
Va - 1.4 V. VIC - 0 V. 25°C 1.1 10 

RS = 50!l. RL = 100 k!l Full range 12 

Va = 1.4 V. VIC = 0 V. 25°C 
TLC27M2AC 

0.9 5 

Via Input offset voltage 
RS = 50!l. RL = 100k!l Full range 6.5 

Va = 1.4 V. VIC = 0 V. 25°C 224 2000 
TLC27M2BC 

RS = 50!l. RL = 100 k!l Full range 3000 

Va = 1.4 V. VIC - 0 V. 25°C 190 800 
TLC27M7C 

RS = 50!l. RL = 100 k!l Full range 1900 

Average temperature coefficient 25°C to 
2.1 "via of input offset voltage 70°C 

110 Input offset current (see Note 4) Vo = 5 V. VIC = 5 V 
25°C 0.1 

70°C 7 300 

liB Input bias current (see Note 4) Va = 5 V. VIC = 5 V 
25°C 0.7 

70°C 50 600 
-0.2 -0.3 

25°C to to 

VICR 
Common-mode input 9 9.2 

voltage range (see Note 5) -0.2 

Full range to 

8.5 

25 DC 8 8.7 

VOH High-level output voltage VID = 100 mY. RL = 100 k!l ODC 7.8 B.7 

70 DC 7.8 B.7 
25 DC 0 50 

VOL Low-level output voltage VIO = -100 mY. 10L = 0 ODC 0 50 

70 DC 0 50 

25 DC 25 275 

AVO 
Large-signal differential 

Va = 1 V to 6 V. RL = 100 k!l ODC 15 320 
voltage amplification 

70 DC 15 230 

25 DC 66 94 

CMRR Common-mode rejection ratio VIC = VICR min ODC 60 94 

70 DC 60 94 

25 DC 70 93 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V. Va = 1.4 V ODC 60 92 
(AVOO/AVIO) 

70 DC 60 94 

25 DC 285 600 

100 
Supply current Va = 5 V. VIC = 6 V. ODC 345 800 
(two amplifiers) No load 

70 DC 220 560 

t Full range is 0 DC to 70 DC. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27M2M, TLC27M7M 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics, VOO - 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.43 

VIPP = 1 V -55°C 0.54 
RL = 100 kO, 

125°C 0.29 
SR Slew rate at unity gain CL = 20 pF, 

25°C 0.40 
V/~s 

See Figure 1 
VIPP = 2.5 V -55°C 0.49 

125°C 0.28 

Vn Equivalent input noise voltage 
f = 1 kHz, 

See Figure 2 
RS = 1000, 

25°C 32 nV/$. 

25°C 55 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

-55°C 80 kHz 
RL = 100 kO, See Figure 1 

125°C 40 

25°C 525 

81 Unity-gain bandwidth 
Vi = 10 mV, CL = 20 pF, 

-55°C 850 kHz 
See Figure 3 

125°C 330 

25°C 40° 

<Pm Phase margin 
Vi = 10 mV, f = Bl, 

-55°C 44° 
CL = 20 pF, See Figure 3 

125°C 36° 

operating characteristics, VOO = 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.62 

VIPP = 1 V -55°C 0.81 
RL = 100 kO, 

125°C 0.38 
SR Slew rate at unity gain CL = 20 pF, V/~ 

25°C 0.56 
See Figure 1 

VIPP = 5.5 V -55°C 0.73 

125°C 0.35 

Vn Equivalent input noise voltage 
f - 1 kHz, 

See Figure 2 
RS - 1000, 

25°C 32 nV/$. 

25°C 35 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

-55°C 50 kHz 
RL = 100 kO, See Figure 1 

125°C 20 

CL = 20 pF, 
25°C 635 

Bl Unity-gain bandwidth 
Vi = 10 mV, 

-55°C 960 kHz 
See Figure 3 

125°C 440 

25°C 43° 

<bm Phase margin 
Vi = 10 mV, f = Bl, 

-55°C 47° 
CL = 20 pF, See Figure 3 

125°C 39° 
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TLC27M21, TLC27M2AI, TLC27M2BI, TLC27M71 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics. VDD - 5 V 

PARAMETER TEST CONDITIONS 

RL = 100 kll, 
VIPP = 1 V 

SR Slew rate at unity gain CL = 20 pF, 

See Figure 1 
VIPP = 2.5 V 

Vn Equivalent input noise voltage 
f=1kHz, RS=1001l, 
See Figure 2 

80M Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

RL = 100 kll, See Figure 1 

B1 Unity-gain bandwidth 
Vi = 10 mV, CL = 20 pF, 

See Figure 3 

</>m Phase margin 
Vi = 10 mV, f = 81, 

CL = 20 pF, See Figure 3 

operating characteristics. VDD - 10 V 

PARAMETER TEST CONDITIONS 

RL = 100 kll, 
VIPP = 1 V 

SR Slew rate at unity gain CL = 20 pF, 
See Figure 1 

VIPP = 5.5 V 

Vn Equivalent input noise voltage 
f=1kHz, RS = 100 Il, 
See Figure 2 

CL = 20 pF, 
BOM Maximum output swing bandwidth 

Vo = VOH, 
RL = 100 kll, See Figure 1 

CL = 20 pF, 
B1 Unity-gain bandwidth 

Vi = 10 mV, 

See Figure 3 

</>m Phase margin 
Vi = 10 mV, f = B1, 
CL = 20 pF, See Figure 3 
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TA MIN TYP MAX UNIT 

25°C 0.43 

-40°C 0.51 

85°C 0.35 

25°C 
VI,.,. 

0.40 

-40°C 0.48 

85°C 0.32 

25"C 32 nV/$. 

25°C 55 

-40"C 75 kHz 

85°C 45 

25"C 525 

-40"C 770 kHz 

85°C 370 

25°C 40° 

-40°C 43° 

85°C 38° 

TA MIN TYP MAX UNIT 

25°C 0.62 

-40°C 0.77 

85°C 0.47 

25"C 0.56 
VI,.,. 

-40°C 0.70 

85°C 0.44 

25°C 32 nV/$. 

25°C 35 

-40°C 45 kHz 

85°C 25 

25°C 635 

-40°C 880 kHz 

85°C 480 

25°C 43" 

-40"C 46" 
85°C 41° 



TLC27M2C. TLC27M2AC. TLC27M2BC. TLC27M7C 
LinCMOS1loI PRECISION DUAL OPERATIONAL AMPLIFIERS 

operating characteristics, VOO 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.43 

VIPP = 1 V O°C 0.46 
RL = 100 kO, 

70°C 0.36 
SR Slew rate at unity gain CL = 20 pF, 

25°C 0.40 
V/p.s 

See Figure 1 
V/PP = 2.5 V OOC 0.43 

70°C 0.34 

Vn Equivalent input noise voltage 
f = 1 kHz, 

See Figure 2 
RS = 100O, 

25°C 32 nV/$. 

25°C 55 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

OOC 60 kHz 
RL = 100 kO, See Figure 1 

70°C 50 

25°C 525 

Bl Unity-gain bandwidth 
Vi = 10mV, CL = 20 pF, 

OOC 600 kHz 
See Figure 3 

70°C 400 

25°C 40° 

.pm Phase margin 
Vi = 10mV, f = Bl, OOC 41° 
CL = 20 pF, See Figure 3 

70°C 39° 

operating characteristics, VOO .. 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.62 

VIPP = 1 V OOC 0.67 
RL = 100 kO, 

70°C 0.51 
SR Slew rate at unity gain CL = 20 pF, V/~s 

See Figure 1 
25°C 0.56 

VIPP = 5.5 V OOC 0.61 

70°C 0.46 

Vn Equivalent input noise voltage 
f = 1 kHz, RS = 1000, 

25°C 32 nV/$. 
See Figure 2 

25°C 35 

BOM Maximum output swing bandwidth 
Vo = VOH, CL = 20 pF, 

O°C 40 kHz 
RL = 100 kO, See Figure 1 

70°C 30 

25°C 635 

Bl Unity-gain bandwidth 
Vi = 10 mY, CL = 20 pF, 

OOC 710 kHz 
See Figure 3 

70°C 510 

25°C 43° 

.pm Phase margin 
Vi = 10 mY, f = Bl, OOC 44° 
CL = 20 pF, See Figure 3 

70°C 42° 
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TLC21M2, TLC21M2A, TLC21M2B, TLC21M1 
LinCMOS'" PRECISION DUAL OPERATIONAL AMPLIFIERS 

pARAMETER I\IIEASUREMENT INFORMATION 

single-supply versus split-supply test cir.cuits 

Because the TLC2iM2 and TLC27M7 are 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 will give the same result. 

Vo Vo 
VI Rl VI 

RL 

voo-

(al Single-Supply (bl Spilt-Supply 

FIGURE 1. UNITY-GAIN AMPLIFIER 

10 kO 10 kO 

voo+ 

1/2 VOO Vo Vo 

1000 

-= -= 
(al Single-Supply (bl Spilt-Supply 

FIGURE 2. NOISE TEST CIRCUIT 

10 kO 10 kO 

1000 
VI VI 

Vo 
1/2 VOO 

Cl 

VOO-

(al Single-Supply (bl Spilt-Supply 

FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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input bias current 

TLC27M2. TLC27M2A. TLC27M2B. TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Because of the high input impedance of the TLC27M2 and TLC27M7 op amps, attempts to measure the 
input bias current can result in erroneous readings. The bias current at normal room 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: 

1 . Isolate the device from other potential leakage sources. Use a grounded shield around and between 
. the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 

2. 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. 

One word of caution ... many automatic testers as well as some bench-top op amp 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 

aaaa 
~+ ...... ~- V-VIC 

a a a a 
4 

FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(JG AND P DUAL-IN-LiNE-PACKAGEI 

low-level output voltage 

To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output 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 Figures 14 through 19 in the Typical Characteristics of 
this data sheet. 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOSmPRECISION DUAL OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

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 will result 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. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 

full-power response 

Full-power response, the frequency above which the op amp slew nite limits the output voltage swing, 
is often specified two ways ... full-linear response and full-peak response. The full-linear response is 
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 1. 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 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached. 

JL 11 A 
(a) I-1kHz (b) 80M > I > 1 kHz (e) 1- BOM (d) I> BOM 

FIGURE 5. FULL-POWER-RESPONSE OUTPUT SIGNAL 

test time 

Inadequate test time is a frequent problem, especially when testing CMOS devices ina 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. 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

'#. 
I 

DISTRIBUTION OF TLC27M2 
INPUT OFFSET VOLTAGE 

Ol..lli __ 

-5 -4 -3 -2 -1 0 2 3 4 5 

Vlo-lnput Offset Voltage-mV 

FIGURE 6 

DISTRIBUTION OF TLC27M2 AND TLC27M7 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

224 Amplifiers 

VOO - 5 V 
50 TA - 25·C to 

125°C 

!l 40 
'2 

P Package 
Outliers: 

::J (11 33.0,.V/oC 
'0 301---+---+-+-+-

f 
~ 201---+---+-+-+-
l 

101---+--+---1-

0L..... .............. 1111111 

-10 -8 -6 -4 -2 0 2 4 6 8 10 
avlO-Temperature Coefficient-,.V/oC 

FIGURE 8 

'#. 

DISTRIBUTION OF TLC27M2 
INPUT OFFSET VOLTAGE 

612 Amplifiers 
VOO - 10 V 

50 TA - 25°C +--+-+--+-+--+---1 
P Package 

I 40~+--+-+--+--+-+--r~-+-1 ·i 
::J 

101---+--+---11-

0 ...... 
-5 -4 -3 -2 -1 0 2 3 4 5 

Vlo-lnput Offset Voltage-mV 

FIGURE 7 

DISTRIBUTION OF TLC27M2 AND TLC27M7 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

224 Amplifiers tasted 

VOO - 10 V I I 
50 TA - 25°C to 125·C -+-+--+-+--1 

P Package 
Outliers: 

'#. 
I 

.r! 40 (11 34.6,.V/oC c 
::J 

! 301---+---+-+-+-

'" S 

~ 20 1---+--+---1-
:. 

101---+--+---1-

0L...r.""'''· -10 -8 -6 -4 -2 0 2 4 6 8 10 
avlO-Temperature Coefficiant-,.V 1°C 

FIGURE 9 

fI 

TEXAS ." 
INSTRUMENTS 

2-687 

POST OFFICE BOX 655012 • DALLAS. TeXAS 75266 



II 
0 

" CD .. 
I» .... 
0' 
::::I 
!. 
l> 
3 
'2. 
:;: 
CD' .. 
(I) 

TLC27M2,TLC27M2A, TLC27M2B, TLC27M7 
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TYPICAL CHARACTERISTICS t 
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0 
0 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-lEVEL OUTPUT CURRENT 

VIO - 100 mV 
TA - 25°C 

VOO - 5 V 

-2 -4 -6 -8 
IOH-Hlgh-Level Output Current-mA 

FIGURE 10 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

-10 

VIO - 100 mV 
c-RL - 100 kll 

/ TA - 25°C 

V 
V 

/V 

/ 
V 

/ 
/ .. 

o 2 4 6 8 10 12 14 16 
VOO-Supply Voltage-V 

FIGURE 12 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VIO - 100 mV 

16 

~ 14 

8. 
"-r-.. J TA - 25°C 
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; 10 
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VOO-1.6 

VOO-1.7 

VOO-1.8 

VOO-1.9 

VOO-2.0 

!I VOO-2.1 
J: 
'" ~ VOO-2.2 
:r; 

~ VOO-2.3 

I'-.... VOO - 16 V 

............. 
~ 

"-~ 
............ .... 

'" VOO - 10 V 

................ 

-10 -20 -30 
IOH-High-Level Output Current-mA 

FIGURE 11 

-40 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

IOH - -5 mA 

........... .' VIO - 100 mV 
~OO - 5V 

.............. 

'" ............. 
l'"--....... '" VOO - 10 V .......... ~ ......."" 

'" ~ 
"'" VOO-2.4 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature- °C 

FIGURE 13 

toata at high and low temperatures are applicable only within the rated oparating free-air temperature ranges of the various devices. 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

VOO - 5 V 
500 

> 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

I I I 

VOO - 10 V 
'OL-5mA-

1 TA - 25°C 
E 
I 450 ., 

CI> 

IOL - 5 mA 

1\ 
TA - 25°C -

\ 
\VID - -100 mV 

\ 

'" 1'.." "-
V,O - -1 V ~ ~ I I 

r-:: ~ r-
2 3 

V,c-Common-Mode Input Voltage-V 

FIGURE 14 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

I I I 

4 
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> 

400 

350 

300 

250 
o 

\ 

\ ~ V
VIO - -100 mV 

/VIO - -1V 

~ 
~VIO- -2.5 V 

I'" ~ ~ 
2 4 6 8 

Vlc-Common-Mode Input Voltage-V 

FIGURE 15 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

IOL - 5 mA 

10 

~ 700 
I 
3. 600 

~ 500 ~ 
IOL - 5 mA 
V'C - I V,0/21 
TA - 25°C 

I I I 

900 

~ 800 
I 
3. 700 

i > 600 

-V,O - -1 V 
_ V'C - 0.5 V V 

VOO - 5 V :/ 
LV V i o 400 ~ 
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~ ] 300 

• VOO - 10 V-..... 
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I ... 
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V,D-Olfferentlal'nput Voltage-V 

FIGURE 16 

5 
... 500 
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- 400 

~ 
• 300 

/"" V ~ 
........... .......... ........... ....... VOO - 10 V --~ 200 ... 

~ 100 

o 
-75 -50 -25 0 25 50 75 100 125 

T A - Free-Air Temperature- °C 

FIGURE 17 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 18 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 
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FIGURE 20 
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FIGURE 19 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 
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1'.. ..... J'-..... 
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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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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

COMMON-MODE 
INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
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FIGURE 22 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
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FIGURE 24 
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FIGURE 23 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 25 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
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TYPICAL CHARACTERISTICSt 
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FIGURE 29 

fOata 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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LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
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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 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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single-supply operation 

TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

While the TLC27M2 and TLC27M7 perform well using dual power supplies (also called balanced or split 
supplies), the design is optimized for single-supply operation. This design 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 3 V (C-suffix types), thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 

Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 381. The low input bias current of the TLC27M2 and TLC27M7 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 

The TLC27M2 and TLC27M7 work 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: 

1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 

voo 

R1 R3 
R2 VREF - Voo R1 + R3 VI 

Vo 

vREF 
C 

Vo - (VREF-VI) ~ + VREF 

R3 
r.01 ~F":, 

":' 

FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 
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FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

input characteristics 

The TLC27M2 and TLC27M7 are 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. Note that the lower range limit includes the negative rail, while the 
upper range limit is specified at VOO -1 Vat T A = 25°C and at VOO -1.5 Vat all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLC27M2 and TLC27M7 
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 TLC27M2 
and TLC27M7 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 a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 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 40). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 

noise performance 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC27M2 and TLC27M7 result in a very low 
noise current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kO, since bipolar devices exhibit 
greater noise currents. 

(8) Noninverting Amplifier Ibl Inverting Amplifier leI Unity·Galn Amplifier 

FIGURE 40. GUARD-RING SCHEMES 

output characteristics 

2-696 

The output stage of the TLC27M2 and TLC27M7 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. 

All operating characteristics of the TLC27M2 and TLC27M7 were measured using a 20-pF load. The devices 
will drive 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 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 
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(a) CL = 20 pF, RL = no load 

TLC27M2, TLC27M2A, TLC27M28, TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

(b) CL = 170 pF, RL = no load 

>-...... ---<-- Vo 

-2.5 V 

CL TA - 25°C 
f - 1 kHz 

VIPP - 1 V 

. (e) CL = 190 pF, RL = no load (dl Test Circuit 

FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 

Although the TLC27M2 and TLC27M7 possess excellent high-level output voltage and current capability. 
methods for boosting this capability are available. if needed. The simplest method involves the use of a 
pullup resistor (Rpl connected from the output to the positive supply rail (see Figure 42l. There are two 
disadvantages to the use of this circuit. First. the NMOS pull-down 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 0 and 180 O. depending on how hard the op amp input is 
driven. With very low values of Rp. a voltage offset from 0 V at the output will occur. Second. pull up 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N5 is not supplying the output current. 

feedback 

Op amp circuits nearly always employ feedback. and since feedback is the first prerequisite for oscillation. 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with the 
feedback resistor is an effective remedy (see Figure 43l. The value of this capacitor is optimized empirically. 
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TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

Voo 

Ip - Pullup current required by 
the op amp (typically 500 ,.AI 

FIGURE 42. RESISTIVE PULLUP TO INCREASE VOH 

electrostatic discharge protection 

c 

Vo 

FIGURE 43. COMPENSATION FOR 
INPUT CAPACITANCE 

The TLC27M2 and TLC27M7 incorporate an internal electrostatic discharge (ESO) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STO-883C, 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. 

latchup 

Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC27M2 
and TLC27M7 inputs and outputs were designed to withstand -100-mA surge currents without sustaining 
latchup; however, techniques should be used to reduce the chance of latchup 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 mV. 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 latchup 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 latchup 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 latchup occurring increases with increasing temperature and supply voltages. 
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5V 

TLC27M2. TLC27M2A. TLC27M2B. TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

1N4148 

470 kll 

100 kll 

47 kll 
>---~~~VO 

100 kll 

R2 
.". 68 kll 

R1 C2 

1 ~F 100 kll 68 kll 
C1 2.2 nF 

2.2 nF 

NOTES: VOPP ~ 2 V 
1 

fO ~ :-2,,-";-;;;R;:;:;1 R~2;;C~1 C;;;2 

FIGURE 44. WI EN OSCILLATOR 

5V 
1/2 

VI -----I + TLC27M7 

NOTES: VI ~ 0 V to 3 V 
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FIGURE 45. PRECISION LOW-CURRENT SINK 
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TLC27M2. TLC27M2A. TLC27M2B. TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

5V 
GAIN CONTROL 

..... ---., 1MIl 

100 kll 

+1 1 ".F 

':" 100 kll 

NOTE A.: Low to medium impedance dynamic mike 

FIGURE 46. MICROPHONE PREAMPLIFIER 

1 kll 

150 pF 

NOTES: VOO = 4 V to 15 V 
VREF = 0 V to VOO-2 V 

10 Mil 

r ............ -Vo 

FIGURE 47. PHOTO DIODE AMPLIFIER WITH AMBIENT LIGHT REJECTION 
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1N4148 
100 kll 

TLC27M2, TLC27M2A, TLC27M2B, TLC27M7 
LinCMOSTM PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

1 Mil 

Voo 
33 pF 

/---------.-~--VO 

100 kll 

NOTES: VOO = 8 V to 16 V 
Vo = 5 V. 10 rnA 

FIGURE 48. 5-V LOW-POWER VOLTAGE REGULATOR 

5V 

1 Mil 
0.01 "F 

VI --l 0.22 "F 
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":" 
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100 kll 
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FIGURE 49. SINGLE-RAIL AC AMPLIFIER 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTN PRECISION QUAD OPERATIONAL AMPLIFIERS 

• Trimmed Offset Voltage: 
TLC27M9 ... 900,.V Max at 25 DC. 
VDD - 5 V 

• Input Offset Voltage Drift ... Typically 
0.1 ,.V/Month. Including the First 30 Days 

• Wide Range of Supply Voltages over 
Specified Temperature Range: 
- 55 DC to 125 DC . , . 4 V to 16 V 
_40DC to 85°C ... 4 V to 16 V 
OOC to 70°C ... 3 V to 16 V 

• Single-Supply Operation 

• Common-Mode Input Voltage Range 
Extends 8elow the Negative Rail IC-Suffix. 
I-Suffix Types) 

• Low Noise ... Typically 32 nV/"fHz 
at f - 1 kHz 

• Low Power ... Typically 2.1 mW at 25°C. 
VDD - 5 V 

• Output Voltage Range Includes Negative 
Rail 

• High Input Impedance. , . 1012 [} Typical 

• ESD-Protection Circuitry 

D3143, OCTOBER 1987-REVISED AUGUST 1988 

0, J, OR N PACKAGE 

ITOPVIEW, 

lOUT 
l1N-
l1N+ 

VDD 
21N+ 
21N-
2 OUT 

FK PACKAGE 

ITOP VIEW. 

4 OUT 
41N-
41N+ 
GND 
31N+ 
31N-

3 2 1 20 19 

9 1011 1213 

II-UI- I 

~5Z5~ 
NC'\I ('1')(') 

18 

17 

16 

15 

14 

• Small-Outline Package Option Also Available 
in Tape and Reel 

NC - No internal connection 

• Designed-In Latchup Immunity 

AVAILABLE OPTIONS 

Vlomax 
PACKAGE 

SMALL CHIP CERAMIC PLASTIC 
TA at 

OUTLINE CARRIER DIP DIP 
2SoC 

10. IFK' IJ. IN. 

DoC 900 ~V TLC27M9CD - TLC27M9CJ TLC27M9CN 

2 mV TLC27M4BCD - TLC27M4BCJ TLC27M4BCN 
to 

TLC27M4ACD TLC27M4ACN 
70°C 

5 mV - TLC27M4ACJ 

10mV TLC27M4CD - TLC27M4CJ TLC27M4CN 

-40°C 
900~V TLC27M91D - TLC27M91J TLC27M91N 

2 mV TLC27M4BID - TLC27M4BIJ TLC27M4BIN 
to 

5 mV TLC27M4AID TLC27M4AIJ TLC27M4AIN -
85°C 

10mV TLC27M41D - TLC27M41J TLC27M41N 
-5SoC 

900 ~V - TLC27M9MFK TLC27M9MJ -
to 

12SoC 10 mV - TLC27M4MFK TLC27M4MJ -

The D package is available in tape and reel. Add R suffix to the device type le.g .. 
TLC27M9CDR'. 

LinCMOS is a trademark of Texas Instruments Incorporated 

DISTRIBUTION OF TLC27M9 
INPUT OFFSET VOLTAGE 

301 Units tested from 2 wafer lots 

35 VOO - 5 V +--+-+--+-+--1 
TA - 2S DC 
N Package +--1--+--1---+--1 i1 30 

I 

~ 25r--r--~·-r~~~-r--r~ 
:::> 

~ 20~--r-r--r~r-~-r--r~ f 15 r-+---+-+ 
l. 10 I--+---+---c± 

5~+-t--ft' 

-~2!;;0::0:-'-~~"""""" 1200 

Via-Input Off .. t Volt.ge-~V 

Copyright @ 1987, Texas Instruments Incorporated 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

description 

The TLC27M4 and TLC27M9 quad operational amplifiers combine a wide range of input offset voltage 
grades with low offset voltage drift, high input impedance, low noise, and speeds comparable to that of 
general-purpose bipolar devices. These devices use Texas Instruments silicon-gate LinCMOS" technology, 
which provides offset voltage stability far exceeding the stability available with conventional metal-gate 
processes. 

The extremely high input impedance and low bias currents make these cost-effective devices ideal for 
applications that have previously been reserved for general-purpose bipolar products, but with only a fraction 
of the power consumption. Four offset voltage grades are available (C-suffix and I-suffix types), ranging 
from the low-cost TLC27M4 (10 mVI to the high-precision TLC27M9 (900 ,N). These advantages, in 
combination with good common-mode rejection and supply voltage rejection, make these devices a good 
choice for new state-of-the-art deSigns as well as for upgrading existing designs. 

In general, many features associated with bipolar technology are available on LinCMOS" operational 
amplifiers, without the power penalties of bipolar technology. General applications such as transducer 
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed 
with the TLC27M4 and TLC27M9. The devices also exhibit low voltage single-supply operation and low 
power consumption, making them ideally suited for remote and inaccessible battery-powered applications. 
The common-mode input voltage range includes the negative rail. 

A wide range of packaging options is available, including small-outline and chip carrier versions for high­
density system applications. 

The device inputs and outputs are designed to withstand - 100-mA surge currents without sustaining 
latchup. 

The TLC27M4 and TLC27M9 incorporate internal ESO-protection circuits that prevent functional failures 
at voltages up to 2000 Vas tested under MIL-STO-883C, Method 3015; however, care should be exercised 
in handling these devices as exposure to ESO may result in the degradation of the device parametric 
performance. 

The M-suffix devices are characterized for operation over the full military temperature range of - 55 DC 
to 125 DC. The I-suffix devices are characterized for operation from - 40 DC to 85 DC, and the C-suffix 
devices are characterized for operation from ODC to 70 DC. 
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TLC27M4, TLC27M4A, TLC27M48, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

equivalent schematic (each amplifier) 
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TLC27M4. TLC27M4A. TLC27M4B. TLC27M9 
LinCMOS"" PRECISIONOUAD OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± VDD 
Input voltage range, VI (any input) ............ . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VDD 
Input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 mA 
Output current, 10 (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 30 mA 
Total current into VDD terminal .............................................. 45 mA 
Total current out of ground terminal ........................................... 45 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, T A: M-suffix. . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

I-suffix ............................... -40°C to 85°C 
C-suffix ................................ OOC 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: D and N package ....... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

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 Isee application section). 

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 
0 950 mW 7.6 mW/oC 608 mW 494 mW 

FK 1375 mW 11 mW/oC 880mW 715 mW 

JIM-suffix) 1375 mW 11 mW/oC 880mW 715 mW 

J IC-, I-suffix) 1025 mW 8.2 mW/oC 656mW 533 mW 

N 1575 mW 12.6 mW/oC 1008 mW 819mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN 

Supply voltage, VDD 4 16 4 16 3 

I VDD = 5 V 0 3.5 -0.2 3.5 -0.2 
Common-mode input voltage, VIC I 

-0.2 VDD = 10 V 0 8.5 -0.2 8.5 

Operating free-air temperature, T A -55 125 -40 85 0 

TA - 125°C 
POWER RATING 

275 mW 

275 mW 

C-SUFFIX 

NOM MAX 

16 

3.5 

8.5 

70 

UNIT 

V 

V 

°C 
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TLC27M4M. TLC27M9M 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TVP MAX 

TLC27M4M 
Vo = 1.4 V. VIC = O. 2S DC 1.1 10 

Input offset voltage 
RS = SO Il. Rl = 100 kll Full range 12 

VIO 
Va = 1.4 V. VIC = O. 2S DC 210 900 

TLC27M9M 
RS = SO Il. Rl = 100 kll Full range 37S0 

Average temperature coefficient 25°C to 
"'via 1.7 

of input offset voltage 12S DC 

110 Input offset current Isee Note 4) Va = 2.S V. VIC = 2.5 V 
2S DC 0.1 

125 DC 1.4 15 

liB Input bias current (see Note 41 Va = 2.5 V. VIC = 2.5 V 
25 DC 0.6 

12S DC 9 35 

0 -0.3 

2S DC to to 

Common~mode input 4 4.2 
VICR voltage range (see Note 5) 0 

Full range to 

3.5 

25 DC 3.2 3.9 

VOH High-level output voltage VID = 100 mY. Rl = 100 kll -5S DC 3 3.9 

125DC 3 4 

2S DC 0 SO 

Val low-level output voltage Via = -100 mY. 10l = 0 -S5 DC 0 50 

125 DC 0 SO 

2S DC 2S 170 

AVD 
Large~sjgnaJ differential 

Va = 0.25 V to 2 V. Rl = 100k!l -SSDC 15 290 
voltage amplification 

12SDC 1S 120 

2S DC 65 91 

CMRR Common-mode rejection ratio VIC = VICR min -SSDC 60 89 

12S DC 60 91 

2S DC 70 93 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V. Va = 1.4V -SSDC 60 91 
(aVoo/avlo) 

125 DC 60 94 

2S DC 420 1120 

100 
Supply current Va = 2.5 V. VIC = 2.S V. -SSDC 680 1760 
(four amplifiers) No load 

12S DC 280 720 

t Full range is - S5 DC to 125 DC. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27M4M, TLC27M9M 
LinCMOSTM ·PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo - 10 V (unless otherwise noted) 

E 
o 

"CI 
CD 
; .... O· 
::J 
et 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

Vo = 1.4V. VIC = O. 25"C 1.1 10 
TLC27M4M 

RS = 50 Il. RL = 100 kll 
VIO Input offset voltage 

Full range 12 

Vo - 1.4 V. VIC = O. 25"C 220 1200 
TLC27M9M 

RS = 50 Il. RL = 100 kll Full range 4300 
Average temperature coefficient 25"C to 

2.1 aVIO of input offset voltage 125"C 

110 Input offset current (see Note 4) Vo = 5 V. VIC = 5 V 
25"C 0.1 

125"C 1.8 15 

liB Input bias current (see Note 4) Vo = 5 V. VIC = 5 V 
25"C 0.7 

125"C 10 35 

0 -0.3 

25"C to to 

VICR 
Common-mode input 9 9.2 
voltage range (see Note 5) 0 

Full range to 

8.5 

25"C 8 8.7 

VOH High-level output voltage VID = 100 mV. RL = 100 kll -55"C 7.8 8.8 

125"C 7.8 8.8 

25"C 0 50 

VOL Low-level output voltage VID = -100 mV. 10L = 0 -55"C 0 50 

125"C 0 50 

25"C 25 275 

AVO 
Large-signal differential 

Vo = 1 V to 6 V. RL = 100 kll -55"C 15 420 
voltage amplification 

12S"C 15 190 

25"C 65 94 

CMRR Common-mode rejection ratio VIC = VICR min -55"C 60 93 

125"C 60 93 

25"C 70 93 

kSVR 
Supply-voltage rejection ratio 

VDO = 5Vto 10V. Vo = 1.4 V -55"C 60 91 
(.:l.VOOI.:l.VIO) 

12S"C 60 94 

25"C 570 1200 

100 
Supply current Vo = 5 V. VIC = 5 V. 

-55"C 980 2000 
(four amplifiers) No load 

125"C 360 960 

t Full range is - 55"C to 125 "C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27M41, TLC27M4AI, TLC27M4BI, TLC27M91 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Voo - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TlC27M41 
Vo = 1.4V, VIC = 0, 25°C 1.1 10 

RS = 50 II, Rl = 100 kll Full range 13 

TlC27M4AI 
Vo = 1.4 V, VIC = 0, 25°C 0.9 5 

RS = 50 II, Rl = 100 kll Full range 7 
VIO Input offset voltage 

Vo - 1.4 V, VIC - 0, 25°C 250 2000 
TlC27M4BI 

RS = 50 II, Rl = 100 kll Full range 3500 

Vo = I.4V, VIC = 0, 25°C 210 900 
TlC27M91 

RS = 50 II, Rl = 100 kll Full range 2000 
Average temperature coefficient 25°C to 

aVIO 
85°C 

1.7 
of input offset voltage 

110 Input offset current (see Note 4) Vo = 2.5 V, VIC = 2.5 V 
25°C 0.1 

85°C 24 1000 

liB Input bias current (see Note 4) Vo = 2.5 V, VIC = 2.5 V 
25°C 0.6 

85°C 200 2000 

-0.2 -0.3 

25°C to to 

VICR 
Common-mode input 4 4.2 

voltage range (see Note 5) -0.2 

Full range to 

3.5 

25°C 3.2 3.9 

VOH High-level output voltage VIO = 100 mV, Rl = 100 kll -40°C 3 3.9 

85°C 3 4 

25°C 0 50 

VOL low-level output voltage Vro = -100 mV, IOl = 0 -40°C 0 50 

85°C 0 50 

25°C 25 170 

AVO 
large-signal differential 

Vo = 0.25 V to 2 V, Rl = 100 kll -40°C 15 270 
voltage amplification 

85°C 15 130 

25°C 65 91 

CMRR Common~mode rejection ratio VIC = VICR min -40°C 60 90 

85°C 60 90 

Supply-voltage rejection ratio 
25°C 70 93 

kSVR VOO = 5 V to 10 V, Vo = 1.4 V -40°C 60 91 
(AVOO/AVIO) 

85°C 60 94 

Supply current 
25°C 420 1120 

100 
Vo = 2.5 V, VIC = 2.5 V, 

-40°C 630 1600 
(four amplifiers) No load 

85°C 320 800 

t Full range is - 40°C to 85 DC. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27M4C, TLC27M4AC, TLC27M4BC, TLC27M9C 
LinCMOSTMPRECISION DUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo - 10 V (unless otherwisenotedl 

o 
"C 
CD .. 
I» ... 
O· 
:::s 
~ 

PARAMETER TEST CONDITIONS TAt MIN TV!> MAX 

TLC27M41 
Va - 1.4 V, VIC - 0, 25°C 1.1 10 

RS = 500, RL = 100 kO Full range 13 

Va - l.4V, VIC - 0, 25°C 
TLC27M4AI 

0.9 5 

Via Input offset voltage 
RS = 500, RL = 100 kO Full range 7 

Va = 1.4 V, VIC = 0, 25°C 260 2000 
TLC27M4BI 

Full range RS = 500, RL = 100 kO 3500 

Va = 1.4 V, VIC = 0, 25°C 220 1200 
TLC27M91 

RS = 500, RL = 100 kO Full range 2900 
Average temperature coefficient 25°C to 

2:1 "via of input offset voltage 85°C 

110 Input offset current (see Note 4) Va = 5 V, VIC = 5 V 
25°C 0.1 

85°C 26 1000 

liB Input bias current (see Note 4) Va = 5 V, VIC = 5 V 
25°C 0.7 

85°C 220 2000 

-0.2 -0.3 

25°C to to 

Common-mode input 9 9.2 
VICR voltage range (see Note 5) -0.2 

Full range to 

8.5 

25°C 8 8.7 

VOH High-level output voltage VID = 100 mV, RL =100 kO -40°C 7.8 8.7 

85°C 7.8 8.7 

25°C c:i 50 

VOL Low-level output voltage VID = -100 mV, 10L= 0 -40°C 0 50 

85°C 0 50 

25°C 25 275 

AVD 
Large'signal differential 

Va = 1 V to 6 V, RL = 100 kO -40°C 15' 390 
voltage ~mplification 

85°C 15 220 

25°C 65 94 

CMRR Common-mode rejection ratio VIC = VICR min -40°C 60 93 

85°C 60 94 

25°C 70 93 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Va = 1.4 V -40°C 60 91 
(<1Voo/tNIO) 

85°C 60 94 

25°C 570 1200 

100 
Supply current Va = 5 V, VIC = 5 V, 

-40°C 900 1800 
(four amplifiers) No load 

85°C 410 1040 

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 were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27M4C, TLC27M4AC, TLC27M4BC, TLC27M9C 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo 0= 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TVP MAX 

Vo = 1.4 V, VIC = 0, 25°C 1.1 10 
TLC27M4C 

RS = 500, RL = 100 kO Full range 12 

Vo = 1.4 V, VIC = 0, 25°C 0.9 5 
TLC27M4AC 

Input offset voltage 
RS = 500, RL = 100 kO Full range 6.5 

VIO 
Vo = 1.4 V. V'C = 0, 25°C 250 2000 

TLC27M4BC 
RS = 500, RL = 100 kO Full range 3000 

Vo = l.4V, V'C = 0, 25°C 210 900 
TLC27M9C 

RS = 500, RL = 100 kO Full range 1500 
Average temperature coefficient 25°C to 

1.7 aVIO of input offset voltage 70 0 C 

25°C 0.1 
1,0 Input offset current (see Note 4) Vo = 2.5 V, V'C = 2.5 V 

70 0 C 7 300 

Input bias current (see Note 4) Vo = 2.5 V, V'C = 2.5 V 
25°C 0.6 

liB 
70 0 C 40 600 

-0.2 -0.3 

25°C to to 
Common~mode input 4 4.2 

V,CR voltage range (see Note 5) -0.2 

Full range to 

3.5 

25°C 3.2 3.9 

VOH High-level output voltage VID = 100 mV, RL = 100 kO OOC 3 3.9 

70 0 C 3 4 

25°C 0 50 

VOL Low-level output voltage VID = -100 mV, IOL = 0 OOC 0 50 

70 0 C 0 50 

25°C 25 170 

AVO 
Large-signal differential 

Vo = 0.25 V to 2 V, RL = 100 kO OOC 15 200 
voltage amplification 

70 0 C 15 140 

25°C 65 91 

CMRR Common-mode rejection ratio V'C = V,CR min O·C 60 91 

70·C 60 92 

25·C 70 93 

kSVR 
Supply-voltage rejection ratio 

VOO = 5 V to 10 V, Vo = 1.4V O·C 60 92 
(AVOO/AV,O) 

70·C 60 94 

25·C 420 1120 

100 
Supply current Vo = 2.5 V, V'C = 2.5 V, 

O·C 500 1280 
(four amplifiers) No load 

70·C 340 880 

t Full range is O·C to 70 ·C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TLC27M41, TLC27M4AI, TLC27M4BI, TLC27M91 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo - 10 V (unless othe.rwise noted) 

E 

PARAMETER TEST CONDITIONS TAt MIN TYP MAX 

TLC27M4C 
Va = l.4V, V'C = 0, 25°C 1.1 10 

RS = 500, RL = 100 kO Full range 12 

TLC27M4AC 
Va = 1.4V, V'C = 0, 25°C 0.9 5 

Via Input offset voltage 
RS = 500, RL = 100 kO Full range 6.5 

Va - 1.4 V, V'C - 0, 25°C 260 2000 
TLC27M4BC 

RS = 500, RL = 100 kO Full range 3000 

Va = 1.4 V, V'C = 0, 25°C 220 1200 
TLC27M9C 

RS = 500, RL = 100 kO Full range 1900 

Average temperature coefficient 25°C to 
"via 2.1 

of input offset voltage 70°C 

',0 Input offset current Isee Note 4) Va = 5 V, V'C = 5 V 
25°C 0.1 

70°C 7 300 

liB Input bias current Isee Note 4) Va = 5 V, V'C = 5 V 
25°C 0.7 

70°C 50 600 

-0.2 -0.3 

25°C to to 

Common-mode input 9 9.2 
V,CR 

voltage range Isee Note 5) -0.2 

Full range to 

8.5 

25°C 8 8.7 

VOH High-level output voltage VID = 100 mY, RL = 100 kO ooC 7.8 8.7 

70°C 7.8 8.7 

25°C 0 50 

VOL Low-level output voltage V,O = -100 mY, 10L = 0 OOC 0 50 

70°C 0 50 

25°C 25 275 

AVO 
Large-signal differential 

Va = 1 V to 6 V, RL = 100 kO OOC 15 320 
voltage amplification 

70°C 15 230 

25°C 65 94 

CMRR Common-mode rejection ratio V'C = V,CR min O°C 60 94 

70°C 60 94 

25°C 70 93 

kSVR 
Supply-voltage rejection ratio 

VOO = 5Vto 10V, Va = 1.4 V ooc 60 92 
I<1.VoO/<1.V,O) 

70°C 60 94 

25°C 570 1200 

100 
Supply current Va = 5 V, V'C = 5 V, OOC 690 1600 
Ifour amplifiers) No load 

70°C 440 1120 

t Full range is ooC to 70°C. 
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 

5. This range also applies to each input individually. 
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TlC27M4M. TlC27M9M 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 

operating characteristics, VOO = 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output swing bandwidth 

Bl Unity-gain bandwidth 

<l>m Phase margin 

operating characteristics, VOO 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output swing bandwidth 

Bl Unity-gain bandwidth 

<l>m Phase margin 

TEST CONDITIONS 

RL = 100 kO. 
VIPP = 1 V 

CL = 20 pF. 
See Figure 1 

VIPP = 2.5 V 

f = 1 kHz. RS = 1000. 
See Figure 2 

Vo = VOH. CL = 20 pF. 

RL = 100 kO. See Figure 1 

Vi = 10mV. Cl = 20 pF. 
See Figure 3 

Vi = 10 mY. f = Bl. 

Cl = 20 pF. See Figure 3 

10 V 

TEST CONDITIONS 

RL = 100 kO. 
VIPP = 1 V 

CL = 20 pF. 
See Figure 1 

VIPP = 5.5 V 

f = 1 kHz. RS = 1000. 
See Figure 2 

Vo = VOH. CL = 20 pF. 

Rl = 100 kO. See Figure 1 

Vi = 10mV. CL = 20 pF. 
See Figure 3 

Vi = 10 mY. f = Bl. 
CL = 20 pF. See Figure 3 
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TA MIN TYP 

25°C 0.43 

-55°C 0.54 

125°C 0.29 

25°C 0.40 

-55°C 0.50 

125°C 0.28 

25°C 32 

25°C 55 

-55°C 80 

125°C 40 

25°C 525 

-55°C 850 

125°C 330 

25°C 40° 

-55°C 44° 

125°C 36° 

TA MIN TYP 

25°C 0.62 

-55°C 0.81 

125°C 0.38 

25°C 0.56 

-55°C 0.73 

125°C 0.35 

25°C 32 

25°C 35 
-55°C 50 

125°C 20 

25°C 635 

-55°C 960 

125°C 440 

25°C 43° 

-55°C 47° 

125°C 39° 

MAX 

MAX 

UNIT 

V/~s 

nV/.JHz 

kHz 

kHz 

UNIT 

V/~s 

nV/.JHz 

kHz 

kHz 
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TLC27M41, TLC27M4AI, TLC27M4BI, TLC27M91 
Lin CMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 

operating characteristics, VOO .. 5 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.43 

VIPP = 1 V -40°C 0.51 
RL = 100 kO, 

B5°C 0.35 
SR Slew rate at unity gain CL = 20 pF, 

25°C 
VII"" 

0.40 
See Figure 1 

VIPP = 2.5 V -40°C 0.48 

B5°C 0.32 

E 
Vn Equivalent input noise voltage 

f=lkHz, RS = 100O, 
25°C 32 nV/$. 

See Figure 2 

25°C 55 

. BaM Maximum output swing bandwidth 
Va = VOH, CL = 20 pF, 

-40°C 75 kHz 
RL = 100 kO, See Figure 1 

85°C 45 

CL = 20 pF, 
25°C 525 

B1 Unity-gain bandwidth 
Vi = 10 mY, 

-40°C 770 kHz 
See Figure 3 

85°C 370 

25°C 40° 

.pm Phase ,margin 
Vi = 10 mY, f = Bl, 

-40°C 43° 
CL = 20 pF, See Figure 3 

85°C 38° 

operating characteristics, VOO .. 10 V 

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT 

25°C 0.62 

VIPP = 1 V -40°C 0.77 
RL = 100 kO, 

B5°C 0.47 
SR Slew rate at unity gain CL = 20 pF, V/~s 

25°C 0.56 
See Figure 1 

VIPP = 5.5 V -40°C 0.70 

85°C 0.44 

Vn Equivalent input noise voltage 
f = 1 kHz, 

See Figure 2 

RS = 1000, 
25°C 32 nV/$. 

25°C 35 

BaM Maximum output swing bandwidth 
Va = VOH, CL = 20 pF, 

-40°C 45 kHz 
RL = 100 kO, See Figure 1 

85°C 25 

25°C 635 

Bl Unity·gain bandwidth 
Vi = 10 mY, CL = 20 pF, 

-40°C 880 kHz 
See Figure 3 

85°C 480 

25°C 43° 

.pm Phase margin 
Vi = 10 mY, f = Bl, 

-40°C 46° 
CL = 20 pF, See Figure 3 

B5°C 41° 
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TLC27M4C, TLC27M4AC, TLC27M4BC, TLC27M9C 
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS 

operating characteristics, VOO - 5 V 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output swing bandwidth 

Bl Unity-gain bandwidth 

4>m Phase margin 

operating characteristics, VOO 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voltage 

BOM Maximum output swing bandwidth 

Bl Unity-gain bandwidth 

4>m Phase margin 

TEST CONDITIONS 

Rl.= 100 kO, 
VIPP = 1 V 

eL = 20 pF, 

See Figure 1 
VIPP = 2.5 V 

f = 1 kHz, RS = 100O, 

See Figure 2 

Vo = VOH, eL = 20 pF, 

RL = 100 kg, See Figure 1 

Vi = 10 mV, eL = 20 pF, 
See Figure 3 

Vi = 10 mV, f = Bl, 

eL = 20 pF, See Figure 3 

10 V 

TEST CONDITIONS 

RL = 100 kO, 
VIPP = 1 V 

eL = 20 pF, 

See Figure 1 
VIPP = 5.5 V 

f = 1 kHz, RS = 100 (), 
See Figure 2 

Vo = VOH, eL = 20 pF, 

RL = 100 kg, See Figure 1 

Vi = 10 mV, eL = 20 pF, 
See Figure 3 

Vi = 10 mV, f = Bl, 
eL = 20 pF, See Figure 3 
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TA MIN TYP MAX 

25°e 0.43 
ooe 0.46 

70 0 e 0.36 

25°e 0.40 
ooe 0.43 

70 0 e 0.34 

25°e 32 

25°e 55 
ooe 60 

70 0 e 50 

25°e 525 
ooe 610 

70 0 e 400 

25°e 40° 
ooe 41° 

70 0 e 39° 

TA MIN TYP MAX 

25 0 e 0.62 
ooe 0.67 

70 0 e 0.51 

25 0 e 0.56 
ooe 0.61 

70 0 e 0.46 

25°e 32 

25°e 35 
. ooe 40 

70 0 e 30 

25°e 635 
ooe 710 

70 0e 510 

25°e 43° 
ooe 44° 

70 0e 42° 

UNIT 

V/",s 

nV/$. 

kHz 

kHz 
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nV/$. 
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kHz 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

single-supply versus split-supply test circuits 

Because the TLC27M4 and TLC27M9 are 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 will give the same result. 

Vo Vo 
VI 

RL 
VI 

RL 

":" ":" 

voo-

lal Single-Supply Ibl Split-Supply 

FIGURE 1. UNITY-GAIN AMPLIFIER 

10 kll 10 kll 

Voo+ 

1/2 VOO Vo Vo 

100 Il 
":" 

":" ":" 

(al Single-Supply (bl Spilt-Supply . 

FIGURE 2. NOISE TEST CIRCUIT 

10 kll 10 kll 

100 Il 
vI VI 

Vo Vo 
1/2 voo 

CL 

":" 

VOO-

(al Single-Supply Ibl Split-Supply 

FIGURE 3. GAIN-OF-100 INVERTING AMPLIFIER 
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input bias currant 

TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Because of the high input impedance of the TLC27M4 and TLC27M9 op amps, attempts to measure the 
input bias current can result in erroneous readings. The bias current at normal room 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: 

1. Isolate the device from other potential leakage sources. Use a grounded shield around and between 
the device inputs (see Figure 4). Leakages that would otherwise flow to the inputs will be shunted 
away. 

2. 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. 

One word of caution ... many automatic testers as well as some bench-top op amp 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. 

7 

ccccccc 
v - vIC 

ccccccc 
8 

FIGURE 4. ISOLATION METAL AROUND DEVICE INPUTS 
(J AND N DUAL-IN-LiNE-PACKAGE) 

low-level output voltage 

To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This 
compromise results in the device low-level output 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 Figures 14 through 19 in the Typical Characteristics of 
this data sheet. 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
Lin CMOS"" PRECISION QUAD OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

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 will result in leakage and contact resistance, which can cause 
erroneous input offset voltage readings. The isolation techniques previously mentioned have no effect on 
the leakage sinc.e the moisture also covers the isolation metal itself, thereby rendering it useless. It is 
suggested that these measurements be performed at temperatures above freezing to minimize error. 

full-power response 

FUll-power response, the frequency above which the op amp slew rate limits the output voltage swing, 
is often specified two ways ... full-linear response and full-peak response. The full-linear response is 
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 1. 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 increaseq until the maximum peak-to-peak output 
can no longer be maintained (Figure 5). A square wave is used to allow a more accurate determination 
of the point at which the maximum peak-to-peak output is reached . 

JLJ1 A A 
la) f - , kHz Ib) , kHz < f < BOM Ie) f - BOM Id) f > BOM 

FIGURE 5. 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. 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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TLC27M4, TLC27M4A, TLC27M48,nC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 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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TLC27M4. TLC27M4A. TLC27M4B. TLC27M9 
LinCMOS'" PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC27M4,JLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOS™ PRECISION QUAD . OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
COMMON-MODE 

INPUT BIAS CURRENT AND INPUT OFFSET CURRENT INPUT VOLTAGE POSITIVE LIMIT 
vs vs 

FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
10000 i6 

TAl. 2~OC Voo - 10 V 
VIC - 5 V / 

1000 "See Note 4 / 

< a. 
I 
t: 
!' :s u 
I 
g 
~ 
C 
III 

~ 

100 

10 

0.1 
25 

1600 

1400 

11200 
I 
t: 
~ 1000, 
::I 
U 

~ 
800 

a. 
" 600 U) 

I 
Q 
~ 400 

200 

0 
0 

liB 

./ ./ 

110 

V V 

, , 
, , 

, 
, 

45 65 85 105 

T A -Free-Air Temperature- °C 

FIGURE 22 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

Va ~ VOo/2 
No load +--'-1'----+ T A - - 55°C 

125 

2 4 6 8 10 12 14 16 
Voo-Supply Voltage-V 

FIGURE 24 

> 14 
I .. 

en 
:! 12 
"0 
> 
S a. .s .. 
~ 
0 
:E 
C 
0 
E 
E 
0 
U 
I 
u 
:> 

10 

8 

6 

4 

2 

o o 

1000 

900 

800 
1 
I 700 
t: 
~ 600 

" c;. 500 
a. 
g. 400 

U) 

6 300 
~ 

200 

100 

o 

2 

\ 

/ 

/V 

/ 
V 

V 
/ 

/ 
V 

/V 

4 6 8 10 12 
VOO-Supply Voltage-V 

FIGURE 23 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

V 
/ 

14 

Va = Voo/2 

'\ No load -

I" 

16 

"" "'-
I'--.. ~Voo - 10V 

.......... r------ ...... 
VOO - 5 V ..... r-- -- -

-75 -50 -25 0 25 50 75 100 125 
TA-free-Air Temperature-oC 

FIGURE 25 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
NOTE 4: The typical values of input bias curr'ent and input offset current below 5 pA were determined mathematically. 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS t 
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tOata at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LinCMOS"" PRECISION ·QUAD OPERATIONAL AMPLIFIERS 
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single-supply operation 

TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

While the TLC27M4 and TLC27M9 perform well using dual power supplies (also called balanced or split 
supplies). the design is optimized for single-supply operation. This design 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 3 V (C-suffix types), thus allowing operation with supply levels 
commonly available for TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply 
operation is recommended. 

Many single-supply applications require that a voltage be applied to one input to establish a reference level 
that is aboveground. A resistive voltage divider is usually sufficient to establish this reference level (see 
Figure 38). The low input bias current of the TLC27M4 and TLC27M9 permits the use of very large resistive 
values to implement the voltage divider, thus minimizing power consumption. 

The TLC27M4 and TLC27M9 work 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: 

1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise the linear 
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital 
logic. 

2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive 
decoupling is often adequate; however, high-frequency applications may require RC decoupling. 
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FIGURE 38. INVERTING AMPLIFIER WITH VOLTAGE REFERENCE 

la) Common Supply Ralls 

Ib) Separate Bypassed Supply Rails (preferred) 

FIGURE 39. COMMON VS SEPARATE SUPPLY RAILS 
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TLC27M4, TLC27M4A, TLC27M4B,· TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

input characteristics 

The TLC27M4 and TLC27M9 are 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. Note that the lower 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 - 1.5 V at all other temperatures. 

The use of the polysilicon-gate process and the careful input circuit design gives the TLC27M4 and TLC27M9 
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 ,N/month, 
including the first month of operation. 

Because of the extremely high input impedance and resulting low bias current requirements, the TLC27M4 
and TLC27M9 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 a degradation in device 
performance. It is good practice to include guard rings around inputs (similar to those of Figure 4 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 40). 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 

noise performance 

The noise specifications in op amp circuits are greatly dependent on the current in the first-stage differential 
amplifier. The low input bias current requirements of the TLC27M4 and TLC27M9 result in a very low 
noise current, which is insignificant in most applications. This feature makes the devices especially favorable 
over bipolar devices when using values of circuit impedance greater than 50 kG, since bipolar devices exhibit 
greater noise currents. 

Va Va 

(81 Noninverting Amplifier Ibl Inverting Amplifier lei Unity-Gain Amplifier 

FIGURE 40. GUARD-RING SCHEMES 

output characteristics 

The output stage of the TLC27M4 and TLC27M9 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. 

All operating characteristics of the TLC27M4 and TLC27M9 were measured using a 20-pF load. The devices 
will drive 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 41). 
In many cases, adding a small amount of resistance in series with the load capacitance will alleviate the 
problem. 

2-728 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 665012 • DALLAS. TeXAS 75265 



TLC27M4. TLC27M4A. TLC27M4B. TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

(a) CL - 20 pF, RL - No load 

(c) CL - 190 pF, RL - No load 

(b) CL - 170 pF, RL - No load 

>-...... -_- Vo 

-2.5 V 

(d) Test Circuit 

TA - 25°C 
f - 1 kHz 

VIPP - 1 V 

FIGURE 41. EFFECT OF CAPACITIVE LOADS AND TEST CIRCUIT 

Although the TLC27M4 and TLC27M9 possess excellent high-level output voltage and current capability. 
methods for boosting this capability are available. if needed. The simplest method involves the use of a 
pullup resistor (Rp) connected from the output to the positive supply rail (see Figure 42). There are two 
disadvantages to the use of this circuit. First. the NMOS pull-down 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 0 and 180 0, depending on how hard the op amp input is 
driven. With very low values of Rp. a voltage offset from 0 V at the output will occur. Second. pullup 
resistor Rp acts as a drain load to N4 and the gain of the op amp is reduced at output voltage levels where 
N 5 is not supplying the output current. 

feedback 

Op amp circuits nearly always employ feedback. and since feedback is the first prerequisite for oscillation, 
some caution is appropriate. Most oscillation problems result from driving capacitive loads (discussed 
previously) 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. 
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TLC27M4. TLC27M4A. TLC27M4B. TLC27M9 
linCMOSTM PRECISION QUAO OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

voo 

Ip - Pullup current required by 
the op amp (typically 500 "AI 

FIGURE 42. RESISTIVE PULLUP TO INCREASE VOH 

electrostatic discharge protection 

c 

vo 

FIGURE 43. COMPENSATION FOR 
INPUT CAPACITANCE 

The TLC27M4 and TLC27M9 incorporate an internal electrostatic discharge (ESO) protection circuit that 
prevents functional failures at voltages up to 2000 V as tested under MIL-STO-883C. 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. 

latchup 

Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors. the TLC27M4 
and TLC27M9 inputs and outputs were designed to withstand - 100-mA surge currents without sustaining 
latch up; however. techniques should be used to reduce the chance of latchup 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 mV. Care should be exercised when using capacitive coupling 
on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 p.F typical) 
located across the supply rails as close to the device as possible. 

The current path established if latchup 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 latchup 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 latchup occurring increases with increasing temperature and supply voltages. 
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5V 

TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

lN4148 

470 kll 

100 kll 

47 kll 

100 kll 
>-----~~~-VO 

R2 
':" 68 kll 

Rl 
1 ~F 100 kll 68 kll 

Cl 
2.2 nF 

-
NOTES: VOPP ~ 2 V 

1 

fO = 2,.. ~R1R2C1C2 

FIGURE 44. WIEN OSCILLATOR 

Vl ____ -I 

NOTES: VI = 0 V to 3 V 

VI 
IS = Ii 

R 

C2 
2.2 nF 

FIGURE 45. PRECISION LOW-CURRENT SINK 
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TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOSTM PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

5V 
GAIN CONTROL 

.----..., 1MIl 

(see Note AI 1 p.F 100 kll 

~~:~1~0~k~Il~~~_1 
0.1 p.F 1 k!l 

100 kll 

+1 1 p.F 

'=' 100 kll 

NOTE A: Low to medium impedance dynamic mike. 

FIGURE 46. MICROPHONE PREAMPLIFIER 

Voo 

1 kll 

100 kll '=' 

150 pF 

NOTES: VOO = 4 V to 1 5 V 
VREF = 0 V to VOO-2 V 

10 Mil 

>-..... ~-VO 

FIGURE 47. PHOTO DIODE AMPLIFIER WITH AMBIENT LIGHT REJECTION 

2-732 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 665012 • DALlAS. TEXAS 75265 



TLC27M4, TLC27M4A, TLC27M4B, TLC27M9 
LinCMOS'M PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

1N4148 
100 kll ~~ 

-::- -::-

NOTES: VOO = 8 V to 16 V 
Vo = 5 V, 10 rnA 

1 Mil 

T T 

.~ 33 pF 

~/4 1 TLC27M4 

100 kll 

FIGURE 48. 5-V LOW-POWER VOLTAGE REGULATOR 

1 Mil 
0.01 ~F 

VI -l1--_t---4t--1 + 

1 Mil 

10 kll 

5V 

0.22 ~F 

'>-----4_--e-----l t--- Vo 
1/4 

TLC27M4 

100 kll 
100 kll 

FIGURE 49. SINGLE-RAIL AC AMPLIFIER 

Vo 

II 
CI) ... 
CI) 

:E 
C. 
E 
<t 
ca 
I: 
o 

'.j:O 
ctI ... 
CI) 
c. 
o 

TEXAS ~ 
INSTRUMENTS 

2-733 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



2-734 



TLC1078 
LinCMOSTM fJ.POWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

• Power Dissipation as Low as 10 ",W Typ per 
Amplifier 

• Operates on a Single Silver-Oxide Watch 
Battery, VDD = 1.4 V Min 

• VIO •.• 450 ",V Max in DIP and Small­
Outline Package 

• Input Offset Voltage Drift ••• 0.1 ",V/Month 
Typ, Including the First 30 Days 

• High-Impedance LinCMOS'· Inputs 
liB = 0.6 pA Typ 

• High Open-Loop Gain •.• 800,000 Typ 

• Output Drive Capability > 20 mA 

• Slew Rate .•• 47 Vlms Typ 

• Common-Mode Input Voltage Range 
Extends Below the Negative Rail 

• Output Voltage Range Includes Negative 
Rail 

• On-Chip ESD-Protection Circuitry 

• Small-Outline Package Option Also 
Available In Tape and Reel 

description 

The TLC1078 operational amplifier offers ultra· 
low offset voltage, high gain, 11 O·kHz bandwidth, 
47·V/ms slew rate, and just 150·",W power 
dissipation per amplifier, 

With a supply voltage of 1.4 V, common-mode 
input to the negative rail, and output swing to the 
negative rail, the TLC1078C is an ideal solution 
for low·voltage battery·operated systems, The 
20-mA output drive capability means that the 
TLC1078 can easily drive small resistive and 
large capacitive loads when needed, while 
maintaining ultra·low standby power dissipation. 

Since this device is functionally compatible as 
well as pin compatible with the TLC27L2 and 
TLC27L7, the TLC1078 easily upgrades existing 
designs that can benefit from its improved 
performance. 

The TLC1078 incorporates internal ESD­
protection circuits that will prevent functional 
failures at voltages up to 2000 V as tested under 
MIL-STD-883C, Method 3015.2; however, care 

LinCMOS is a trademark of Texas Instruments Incorporated. 

D3146, AUGUST 19BB-REVISED OCTOBER 19BB 

D, JG, OR P PACKAGE 

(TOP VIEW) 

10UT[j8 VDD 
11N- 2 7 2 OUT 
11N+ 3 6 21N-
GND 4 5 21N+ 

NC 4 

11N- 5 

NC 6 
11N+ 7 

NC 8 

FK PACKAGE 

(TOP VIEW) 

f--

050 go 
z~z>z 

3 2 1 20 19 

9 1011 1213 

OClO+O 
ZZZZZ 

(!J N 
NC - No internal connection 

symbol (each amplifier) 

18 

17 

16 

15 

14 

IN-=t>-

IN+ + 
OUT 

DISTRIBUTION OF TLC1078 
INPUT OFFSET VOLTAGE 

334 Amplifiers 

'" 25 VDD = 5 V -1---+---+--1---+---1 
<I" TA = 25°C 
I P Package i 20 1--+-+--+--+-+-+--+--1 

! - 151--+-+-t­
'0 

J" 
51--+-+ 

o 
-BOO -400 o 400 

VIO -Input Offset Voltage -IlV 

BOO 

Copyright c 1988, Texas Instruments Incorporated 
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TLC1078 
LinCMOS ™ f.lPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

description (continued) 

should be exercised when handling these devices as exposure to ESD may result in degradation of the device 
parametric performance. The TLC1 078 design also inhibits latchup of the device inputs and outputs even with 
surge currents as large as 100 mAo 

The M- suffix devices are characterized for operation over the full military temperature range of -55°C to 
125°C. The 1- suffix devices are characterized for operation from -40°C to 85°C. The C- suffix devices are 
characterized for operation from DOC to 70°C. The wide range of packaging options includes small-outline and 
chip-carrier versions for high-density system applications. 

AVAILABLE OPTIONS 

PACKAGE 

TA SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP 

(D) SEE NOTE 1 (FK) (JG) (P) 

O·C to 70·C TLC1078CD - TLC1078CJG TLC1078CP 

- 40·C to 85·C TLC10781D - TLC10781JG TLC10781P 

- 55·C to 125·C - TLC1078MFK TLC1078MJG -
NOTE 1: The 0 package is available taped and reeled. Add the suffix R to the device type 

(e.g .• TLC1078CDR). 

equivalent schematic (each amplifier) 

VDD 

A6 

01 

IN-~ 
R1 

~ IN+ 011 012 
RS C1 

-I 

07 OUT 

04 

09 
R3 02 

GND 
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TLC1078 
LinCMOSTM I-lPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operatlngfree-air temperature (unless otherwise noted) 

Supply voltage, VDD (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Different input voltage (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±VDD 
Input voltage range, VI (any input) ...................................... -0.3 V to VDD 
Input current, II (each input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±5 mA 
Output current, 10 (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±30 mA 
Total current into VDD terminal (see Note 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ...... :............... Unlimited 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature, TA: M-suffix .............................. -55'C to 125°C 

I-suffix ................................ -40'C to 85°C 
C-suffix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 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: D or P package . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C 

NOTES: 2. All voltage values. except differential voltages, are with respect to network ground. 
3. Differential voltages are at the noninverting input with respect to the inverting input. 
4. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 

dissipation ratings is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA'; 25'C 

DERATING FACTOR 
TA = 70'C TA = 85'C TA = 125'C 

POWER RATING POWER RATING POWER RATING POWER RATING 

D 725mW 5.8 mW/'C 464mW 377mW 

FK 1375 mW 11 mW/,C 880mW 715mW 275mW 

JG 1050 mW 8.4 mW/,C 672mW 546mW 210mW 
p 1000 mW 8.0 mW/,C 640mW 520 mW 

recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 
UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, VDD 4 16 3 16 1.4 16 V 

IVDD = 5 V 0 4 -0.2 4 -0.2 4 
Common-mode input voltage, VIC j' V 

vDD = 10V 0 9 -0.2 9 -0.2 9 

Operating free-air temperature. T A -55 125 -40 85 0 70 'C 
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TLC1078C 
LinCMOS ™ f.lPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics over operating free-air temperature range (unless otherwise noted) 
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PARAMETER 
TEST CONDITIONS VOO = SV VOO=10V 

TA MIN TYP MAX MIN TYP MAX 

Via Input offset voltage 
25'C 160 450 180 600 

Va = l.4V, VIC = OV, Full range 800 950 
Temperature coefficient RS=50!l, RI = 1 M!l 25'Cto 

1.1 "'via of input offset voltage 70'C 
1 

110 
Input offset current 25'C 0.1 0.1 
(see Note 5) Va = VDD/2, 70'C 7 300 7 300 

liB 
Input bias current VIC = VOD/2 25'C 0.6 0.7 
(see Note 5) 70'C 40 600 50 600 

-0.2 -0.3 -0.2 -0.3 

25'C to to to to 
Common-mode input 4 4.2 9 9.2 

VICR voltage range 
-0.2 -0.2 

(see Note 6) 
Full range to to 

3.5 8.5 

25'C 3.2 4.1 8.2 8.9 

VOH High·level output vo~age VID = 100mV, O'C 3.2 4.1 8.2 8.9 
Rl = 1 M!l 

70'C 3.2 4.2 8.2 8.9 

25'C 0 25 0 25 

Val low·level output voltage VID = -100 mY, O'C 0 25 0 25 
10l = 0 

70'C 0 25 0 25 

25'C 250 525 500 850 

AVD 
large-signal differential RL.= 1 M!l O'C 250 680 500 1010 
voltage amplification See Note 7 

70'C 200 380 350 660 

25'C 70 95 75 97 
CMRR Common-mode VIC = VICR min O'C 70 95 75 97 

rejection ratio 
70'C 70 95 75 97 

25'C 75 98 75 98 

kSVR 
Supply-voltage rejection VDD=5Vtol0V, O'C 75 98 75 98 
ratio (tl.VDD/tl.VIO) Va = 1.4 V 

70'C 75 98 75 98 

Va = VDD/2, 25'C 20 34 29 46 

IDD 
Supply current 

VIC = VDD/2, O'C 24 42 36 66 
(two amplifiers) 

No load 70'C 16 28 22 40 

NOTES: 5. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.At VDD = 5 V, Va = 0.25 V to 2 V; at VDD = 10 V, Va = 1 V to 6 V. 

operating characteristics 

TEST CONDITIONS VOO = SV VOO=10V 
PARAMETER 

TA MIN TYP MAX MIN TYP MAX 

25'C 32 47 

SR Slew rate at unity gain Rl=lM!l, Cl = 20 pF, O'C 35 51 
VIPP = 1 V, See Figure 1 

70'C 27 38 

Vn Equivalent input noise voltage f = 1 kHz, RS = 100!l 25'C 68 68 

25'C 85 110 

Bl Unity·gain bandwidth Cl = 20 pF, See Figure 2 O'C 100 125 

70'C 65 90 

25'C 34' 38' 

<Pm Phase margin at unity gain Cl = 20 pF, See Figure 2 O'C 36' 40' 

70'C 30' 34' 
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TLC10781 
LinCMOSTM I-lPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics over operating free-air temperature range (unless otherwise noted) 

TEST CONDITIONS VDD = 5 V VDD = 10V 
PARAMETER 

TA MIN TYP MAX MIN TYP MAX 

Via Input offset voltage 
25'C 160 450 180 600 

Va = 1,4 V, VIC = OV, Full range 950 1100 

Temperature coefficient RS=50!1, RI = 1 M!1 25'Cto 
"'via 1.1 1 

of input offset voltage 85'C 

110 
Input offset current 25'C 0.1 0.1 

(see Note 5) Va = VOO/2, 85'C 24 1000 26 1000 

liB 
Input bias current VIC = VOO/ 2 25'C 0.6 0.7 

(see Note 5) 85'C 200 2000 220 2000 

-0.2 -0.3 -0.2 -0.3 

25'C to to to to 
Common-mode input 4 4.2 9 9.2 

VICR voltage range 
-0.2 -0.2 

(see Note 6) 
Full range to to 

3.5 8.5 

25'C 3.2 4.1 8.2 8.9 

VOH High-level output voltage VIO = 100 mY, -40'C 3.2 4.1 8.2 8.9 
Rl = 1 M!1 

85'C 3.2 4.2 8.2 8.9 

25'C a 25 0 25 

VOL Low-level output voltage VIO = -100 mY, -40'C 0 25 a 25 
10l = 0 

85'C a 25 0 25 

25'C 250 525 500 850 

AVO 
Large-signal,differential Rl = 1 M!1 -40'C 250 900 500 1550 
voltage amplification See Note 7 

85'C 150 300 250 585 

25'C 70 95 75 97 
CMRR Common-mode VIC = VICR min -40'C 70 95 75 97 

rejection ratio 
85'C 70 95 75 97 

25'C 75 98 75 98 

kSVR 
Supply-voltage rejection VOO=5Vt010V, -40'C 75 98 75 98 
ratio (6.VOO/6.VIO) Va = 1,4V 

8,5'C 75 98 75 98 

Va = Voo/2, 25'C 20 34 29 46 

100 
Supply current 

VIC = VOO/ 2, -40'C 31 54 50 86 
(two amplifiers) 

No load 85'C 15 26 20 36 

NOTES: 5. The typical values of Input bias current and Input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.At VOO = 5 V, Va = 0.25 V to 2 V; at VOO = 10 V, Va = 1 V to 6 V. 

operating characteristics 

TEST CONDITIONS VDD = 5V VDD = 10V 
PARAMETER 

TA MIN TYP MAX MIN TYP MAX 

25'C 32 47 

SR Slew rate at unity gain RL=1M!1, CL = 20 pF, -40'C 39 59 
VIPP = 1 V, See Figure 1 

85'C 25 34 

Vn Equivalent input noise voltage f - 1 kHz, RS -100!1 25'C 68 68 

25'C 85 110 

B1 Unity-gain bandwidth CL = 20 pF, See Figure 2 -40'C 130 155 

85'C 55 80 

25'C 34' 38' 

<l>m Phase margin at unity gain CL = 20 pF, See Figure 2 -40'C 38' 42' 

85'C 28' 32' 

UNIT 

IlV 

fJ,V/'C 

pA 

pA 

V 

V 

V 

mV 

V/mV 

dB 

dB 

fJ,A 

UNIT 

Vims 

nv//Hz 

kHz 
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TLC1078M 
LinCMOSTM IJ.POWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

electrical characteristics over operating free-air temperature range (unless otherwise noted) 
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PARAMETER 
TEST CONDITIONS Voo = 5V Voo = 10V 

TA MIN TYP MAX MIN TYP MAX 

Via Input offset voltage 
25'C 160 450 180 600 

Va = 1.4 V, VIC = OV, Full range 1250 1400 

Temperature coefficient RS = 500, RI = 1 MO 25'Cto 
1.4 1.4 "via of input offset voltage 125'0 

110 
Input offset current 25'C 0.1 0.1 

(see Note 5) Va = Voo/2, 125'C 1.4 15 1.8 15 

liB 
Input bias current VIC = VOO/2 25'0 0.6 0.7 

(see Note 5) 125'C 9 35 10 35 

a -0.3 a -0.3 

25'0 to to to to 
Common-mode input 4 4.2 9 9.2 

VIOR voltage range a a 
(see Note 6) 

Full range to to 

3.5 8.5 

25'C 3.2 4.1 8.2 8.9 

VOH High-level output voltage VIO = 100mV, -55'C 3.2 4.1 8.2 8.8 
Rl = 1 MO 

125'0 3.2 4.2 8.2 9 

25'C a 25 a 25 

Val lOW-level output voltage VIO = -100 mY, -55'C a 25 a 25 
10l = a 

125'C a 25 a 25 

25'0 250 525 500 850 

Avo 
large-signal differential RL = 1 MO -55'C 250 950 500 1750 
voltage amplification See Note 7 

125'0 75 200 150 380 

25'0 70 95 75 97 
CMRR Common-mode VIC = VICR min -55'C 70 95 75 97 

rejection ratio 
125'0 70 85 75 91 

Supply-voltage rejection 
25'0 75 98 75 98 

kSVR 
VOO = 5 V to 10 V, -55'C 70 98 70 98 

ratio (AVOO/AVIO) VO=I.4V 
125'C 70 98 70 98 

Va = VOo/2, 25'0 20 34 29 46 

100 
Supply current VIO = VOO/2, -55'C 35 60 56 96 
(two amplifiers) 

No load 125'C 14 24 18 30 

NOTES: 5. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.At VOO = 5 V, Va = 0.25 V to 2 V; at VOO = 10 V, Va = 1 V to 6 V. 

operating characteristics 

TEST CONDITIONS Voo = 5V Voo = 10V 
PARAMETER 

TA MIN TYP MAX MIN TYP MAX 

25'C 32 47 

SR Slew rate at unity gain RL = 1 MO, Cl = 20 pF, -55'C 41 63 
VIPP = 1 V, See Figure 1 

125"0 20 27 

Vn Equivalent input noise voltage f - 1 kHz, RS -1000 25'0 68 68 

25'C 85 110 

Bl Unity-gain bandwidth CL = 20 pF, See Figure 2 -55'C 140 165 

125'C 45 70 

25'0 34' 38' 

<l>m Phase margin at unity gain Ol = 20 pF, See Figure 2 -55'0 39' 43' 

125'C 25' 29' 

2-740 TEXAS ~ 
INSTRUMENlS 

POST OFFICE BOX 665012 • DALLAS. TEXAS 75265 

UNIT 

/lV 

/lvrc 

pA 

nA 
pA 

nA 

V 

V 

V 

mV 

V/mV 

dB. 

dB 

/lA 

UNIT 

V/ms 

nv//Hz 

kHz 



TLC1078 
LinCMOSTM /JPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Vo 

VI 

RL 

CL includes fixture capacitance. 

FIGURE 1. SLEW RATE TEST CIRCUIT 

10 kfl 

Voo 
loon 

VI 
Vo 

VOO/2 

-=-

CL includes fixture capacitance. 

FIGURE 2. UNITY·GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 

TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLC1078 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Ampllffers 

60 VOO = 5V 
TA = 25'Clol 

~ P Package 
I! 50 Oulilers: t (1) 19.2I'V/'C 
iii: 40 (1) 12.1 I'V/'C 

'0 

f : I---+--+--+-+-

10 .-+--t----1f-

0 ...... ..1..-........ -
-10 -8 -6 -4 -2 0 2 4 6 8 10 

(lVIO - Temperalure Coefflclenl -I'V/'C 

FIGURE 3 

DISTRIBUTION OF TLC1078 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Amplifier. tested 

voo = 10V I 
60 T A = 25'C 10 125'C·----1--+--+---+-+--I 

'1ft P Package 
I 50 Oulllers: S· E (1) 18.7I'V/'C 

'a. 40 (1) 11.6I'V/'C 
~ 
'0 

f : J----+--+-+-_+__ 

10 '-+--+---1-

0 ...... .1...--
- 10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 

(lVIO - Temperalure Coe!flclenl -I'V/'C 

FIGURE 4 
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LinCMOS ™ J,.lPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICSt 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

5~--~----~-----r----~--~ 
VIO = 100mV 
TA = 25'C 

VOO = 5 V 

O~--~----~----~--~----~ 
o 

16 

14 
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2 

o 
o 

-2 -4 -6 -8 
IOH - High-Level OutpU1 Current- mA 

FIGURE 5 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VIO = 100mV 

-10 

RL = 1 Mil 

/V TA = 25'C 

/ 
/ 

2 

/ 
V 

/ 
V 

/ 
/ 

/ 
/ 

V 
/ 

4 6 8 10 12 14 16 

VOO - !iuppl~ Voltage - V 

FIGURE 7 
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> VOO -1.7 
I 

& VOO-l.8 
~ 
~ 
~ VOO-l_9 

~ o VOO -2 

1 
-! VOO -2.1 
:§. 
:!f VOO -2.2 

6 
> VOO-2.3 

VOO-2_4 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VIO = l00mV 

---.......... ~~= 16V 
TA = 25'C 

'-...., 
t---.... 

'-...., 
~ 

--.......... 
I'--- VOO = 10V 

....... 
........... 

-10 -20 -30 -40 
IOH - High-Level Output Current - mA 

FIGURE 6 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VIO = 100 mV 

............. 
IOH = -5mA-

"'" 
VOO = 5V 

.............. 
r--..... :-..... '-...., "'" r-... VOO = 10 V ............ ~ 

"-
""-........... 

I'--.. 

"'" 
-75 -50 -25 0 25 50 75 100 125 

T A - FI'H-Alr Temperature - 'C 

FIGURES 

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

2-742 
. TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 665012 • DALLAS, TEXAS 75265 



TLC1078 
LinCMOSTM ~POWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

VOO = 5 V 
IOl = 5mA 
TA = 25'C 

2 3 
VIC - Common-Mode Input Voltage - V 

FIGURE 9 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

4 

r--t IOl = 5 mA -r---t-f---- -
'. VIC = IVIO/21 I I I ttl I 

~i TA = 25'C .1 i -+--,----r--r--r--+---+--, -.-
i I I ,I ' 

I : ; I I 

~~~--4-~+--+-+--r--f----~-1 

\ VOO = 5vi I 
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"h...k! ! I 
!~:--! I i 
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VIO - Olfferential Input Voltage,.. V 

FIGURE 11 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 
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VIC - Common-Mode Input Voltage - V 

FIGURE 10 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VIO = -1 V I 
- VIC = 0.5 V 

_IOl=5mA 

V VOO = 5V 

L 

./ 
V V 

..,./ V 
"./ 

V I-"" 

-----
""'VOO=10V ..-

~ 

-75 -50 -25 0 25 50 75 100 125 
T A - Fr_Alr Temperature - 'C 

FIGURE 12 

t Data at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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TlC1078 
Lin CMOS ™ /-lPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

IOL - Low-Level Oulput Current - mA 

FIGURE 13 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 

2000...--.---...-......,.-...,..-...,....-...--.,-...."" 
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Voo- Supply Voltage - V 

FIGURE 15 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

I 
VIO = -1 V 
VIC = 0.5V 
TA = 25'C 

VOO = 16vj 

VOO = 10j ~ -
/V 

-I~ V 
V / o 
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IOl - low-level Output Current - mA 

FIGURE 14 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

Rl = 1 MQ , I ,-
I 

\ -1-- ---
\ VOO = 10 V 

-

'" "'-. ........... 
"-

--
I'---, ~ 

VOO = 5 V""" ............ 
........... 

'" ....... 
-............. r-

-75 -50 -25 0 25 50 75 100 125 
T A - Free-Air Temperature - 'C 

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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TLC1078 
LinCMOSTM I-lPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

INPUT BIAS CURRENT AND INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 
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, See Note 5 
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FIGURE 17 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

Vo = VOO/2 
No load ---+---l----I---_+_ 

125 

0 2 4 6 8 10 12 14 16 
Voo - Supply Voltage - V 

FIGURE 19 

COMMON-MODE INPUT VOLTAGE POSITIVE LIMIT 
vs 
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FIGURE 18 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

14 

Vo = Voo/2 
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T A - Free-Air Temperature - ~C 

FIGURE 20 

t Data at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
NOTE 5: The typical values of input bias current and input offset current below 5 pA were determined mathmatically. 
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TLC1078 
LinCMOSTM IJ.POWER PRECISION DUAL OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICSt 
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VIPP = 1 V 

SLEW RATE 
vs 

SUPPLY VOLTAGE 
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TA = 25°C VV See Figure 1 
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FIGURE 21 

NORMALIZED SLEW RATE 
vs 

FREE-AIR TEMPERATURE 
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T A - Free-Air Temperalure - °C 

FIGURE 23 
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vs 
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FIGURE 22 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 
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FIGURE 24 

100 

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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LinCMOSTM f..lPOWER PRECISION DUAL OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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See Figure 2 
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FIGURE 25 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 
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FIGURE 27 
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See Figure 2 /' 
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FIGURE 26 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 
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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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TLC1078 
LinCMOSTM /J.POWER PRECISION DUAL OPERATrONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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PHASE MARGIN 
vs 

SUPPLY VOLTAGE 
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FIGURE 29 

PHASE MARGIN 
vs 

CAPACITIVE LOAD 
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vDD = 5V 
VI = 10mV 
TA = 25'C 
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"'-"- See Figura 2 
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FIGURE 31 
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FIGURE 32 
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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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TLC1079 
LinCMOSTM IlPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

• Power Dissipation as Low as 10 ",W Typ per 
Amplifier 

• Operates on a Single SlIver·Oxide Watch 
Battery, VDD = 1.4 V Min 

• VIO ..• 850 ",V Max in DIP and Small· 
Outline Package 

• Input Offset Voltage Drift ••• 0.1 ",V/Month 
Typ, Including the First 30 Days 

• High·lmpedance LinCMOS'· Inputs 
liB = 0.6 pA Typ 

• High Open·Loop Gain .•. 800,000 Typ 

• Output Drive Capability > 20 mA 

• Slew Rate •.. 47 V/ms Typ 

• Common·Mode Input Voltage Range 
Extends Below the Negative Rail 

• Output Voltage Range Includes Negative 
Rail 

• On·Chip ESD·Protectlon Circuitry 

• 14·Pin Small·Outline Package Option Also 
Available in Tape and Reel 

description 

The TLC1079 operational amplifier offers ultra­
low offset voltage, high gain, 11 O-kHz bandwidth, 
47-V/ms slew rate, and just 150-",W power 
dissipation per amplifier, 

With a supply voltage of 1.4 V, common-mode 
input to the negative rail, and output swing to the 
negative rail, the TLC1079 is an ideal solution for 
low-VOltage, battery-operated systems, The 
20-mA output drive capability means that the 
TLC1079 can easily drive small resistive and 
large capacitive loads when needed, while 
maintaining ultra-low standby power dissipation. 

Since this device is functionally compatible as 
well as pin compatible with the TLC27L4 and 
TLC27L9, the TLC1079 easily upgrades existing 
designs that can benefit from its improved 
performance, 

The TLC1079 Incorporates 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 

LinCMOS is a trademark of Texas Instruments Incorporated. 

D3147, AUGUST 1988-REVISED OCTOBER 1988 

0, J, OR N PACKAGE 
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DISTRIBUTION OF TLC1079 
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TLC1079 
LinCMOSTMf.,lPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

description (continued) 

should be exercised when handling these devices as exposure to ESO may result in degradation of the device 
parametric performance. The TLC1 079 design also inhibits latchup of the device inputs and outputs even with 
surge currents as large as 100 mAo 

The M- suffix devices are characterized for operation over the full military temperature range of -55°C to 
125°C. The 1- suffix devices are characterized for operation from -40°C to 85°C. The C- suffix devices are 
characterized for operation from O°C to 70°C. The wide range of packaging options includes small-outline and 
chip-carrier versions for high-density system applications. 

AVAILABLE OPTIONS 

PACKAGE 

TA SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP 

(D) SEE NOTE 1 (FK) (J) (N) 

O'Ct070'C TLC1079CD - TLC1079CJ TLC1079CN 

- 40'C to 85'C TLC10791D - TLC10791J TLC10791N 

-55'C to 125'C - TLC1079MFK TLC1079MJ -
NOTE 1: The D package is available taped and reeled. Add the suffix R to the device type 

(e.g., TLC1079CDR). 

equivalent schematic (each amplifier) 

VDD 

Ql 

IN - ~ f+----<i>--------<H 

IN+ ---+-----+-----' Qll Q12 

Q7 u--~=+=~~-_+___ OUT 

Q9 
Q13 

02 

R7 

GND 
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TLC1079 
LinCMOSTM /-lPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Different input voltage (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±VDD 
Input voltage range, VI (any input) ...................................... -0.3 V to VDD 
Input current, II (each input) ................................................. ±5 mA 
Output current, 10 (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±30 mA 
Total current into VDD terminal (see Note 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 mA 
Duration of short-circuit current at (or below) 25°C (see Note 4) ...................... Unlimited 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature, T A: M-suffix .............................. -55°C to 125°C 

I-suffix ................................ -40°C to 85°C 
C-suffix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 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: D or N package . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............... 300°C 

NOTES: 2. All voltage values, except differential voltages, are with respect to network ground. 
3. Differential vOltages are at the noninverting input with respect to the inverting input. 
4. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 

dissipation ratings is not exceeded. 

DISSIPATION RATING TABLE 

PACKAGE 
TA ,;; 25'C 

DERATING FACTOR 
TA = 70'C TA = 85'C TA = 12S'C 

POWER RATING POWER RATING POWER RATING POWER RATING 

D 950mW 7.6mWrc 608mW 494mW N/A 

FK 1375 mW 11 mWI'C 880mW 715mW 275mW 

J 1375 mW 11 mWI'C 880mW 715mW 275mW 

N 1575 mW 12.6 mWI'C 1008mW 819mW N/A 

recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 
UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, VDO 4 16 3 16 1.4 16 V 

IVoo - 5V 0 4 -0.2 4 -0.2 4 
Common-mode input voltage, VIC I' V 

voo = 10V 0 9 -0.2 9 -0.2 9 
Operating free-air temperature, T A -55 125 -40 85 0 70 'C 
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TLC1079C 
LinCMOS™ IlPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics over operating free-air temperature range (unless otherwise noted) 
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PARAMETER 

VIO Input offset voltage 

Temperature coefficient 
"VIO of input offset voltage 

110 
Input offset current 

(see Note 5) 

liB 
Input bias current 

(see Note 5) 

Common-mode input 
VICR voltage range 

(see Note 6) 

VOH High-level output voltage 

VOL Low-level output voltage 

AVO 
Large-signal differential 
voltage amplification 

CMRR Common-mode 
rejection ratio 

kSVR 
Supply-voltage rejection 
ratio (Ll.Voo/Ll.VIO) 

100 
Supply current 
(four amplifiers) 

TEST CONDITIONS 

TA 

25'C 

Vo = 1.4 V, VIC = OV, Full range 

RS=50n, RI= 1 Mn 25'Cto 

70'C 

25'C 

Vo = VOO/2, 70'C 

VIC = VOO/2 25'C 

70'C 

25'C 

Full range 

25'C 
VIO = 100 mV, O'C 
RL = 1 Mn 

70'C 

25'C 
VIO = -100 mV, O'C 
10L = 0 

70'C 

25'C 
RL= 1 Mn O'C 
See Note 7 

70'C 

25'C 

VIC = VICR min O'C 

70'C 

25'C 
VOO=5VtoI0V, O'C 
Vo = I.4V 

70'C 

Vo = VOO/2, 25'C 

VIC = VOO/2, O'C 

No load 70'C 

VOO = 5V VOO = 10V 

MIN TYP MAX MIN TYP MAX 

190 850 200 1150 

120Q 1500 

1.1 1 

0.1 0.1 

7 300 7 300 

0.6 0.7 

40 600 50 600 

-0.2 -0.3 -0.2 -0.3 

to to to to 

4 4.2 9 9.2 

-0.2 -0.2 

to to 

3.5 8.5 

3.2 4.1 8.2 8.9 

3.2 4.1 8.2 8.9 

3.2 4.2 8.2 8.9 

0 25 0 25 

0 25 0 25 

0 25 0 25 

250 525 500 850 

250 700 500 1010 

200 380 350 660 

70 95 75 97 

70 95 75 97 

70 95 75 97 

75 98 75 98 

75 98 75 98 

75 98 75 98 

40 68 57 92 

48 84 72 132 

31 56 44 80 

NOTES: 5. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7. At Voo = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 

operating characteristics 
--

TEST CONDITIONS VOO = 5V VOO = 10V 
PARAMETER 

TA MIN TYP MAX MIN TYP MAX 

25'C 32 47 

SR Slew rate at unity gain RL=IMn, CL = 20 pF, O'C 35 51 
VIPP = 1 V, See Figure 1 

70'C 27 38 

Vn Equivalent input noise voltage f = 1 kHz, RS = lOon 25'C 68 68 

25'C 85 110 

Bl Unity-gain bandwidth CL = 20 pF, See Figure 2 O'C 100 125 

70'C 65 90 .. 
25'C 34' 38' 

<l>m Phase margin at unity gain CL = 20 pF, See Figure 2 O'C 36' 40' 

70'C 30' 34' 
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TLC10791 
LinCMOSTM ~POWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics over operating free-air temperature range (unless otherwise noted) 

PARAMETER 
TEST CONDITIONS VDD = 5V VDD=10V 

TA MIN TYP MAX MIN TYP MAX 

Via Input offset voltage 
25'C 190 850 200 1150 

Va ~ I.4V, VIC ~ OV, Full range 1350 1650 

Temperature coefficient RS~50!l, RI = 1 M!l 25'Cto 
"via 1.1 1 

of input offset voltage 85'C 

110 
Input offset current 25'C 0.1 0.1 

(see Note 5) Va ~ VOO/2, 85'C 24 1000 26 1000 

liB 
Input bias current VIC = VOO/2 25'C 0.6 0.7 
(see Note 5) 85'C 200 2000 220 2000 

-0.2 -0.3 -0.2 -0.3 

25'C to to to to 
Common-mode input 4 4.2 9 9.2 

VICR voltage range 
-0.2 -0.2 

(see Note 6) 
Full range to to 

3.5 8.5 

25'C 3.2 4.1 8.2 8.9 

VOH High-level output voltage VID = 100 mY, -40'C 3.2 4.1 8.2 8.9 
RL = 1 M!l 

85'C 3.2 4.2 8.2 8.9 

25'C 0 25 0 25 

VOL Low-level output voltage VIO = -100 mY, -40'C 0 25 0 25 
10L= 0 

85'C 0 25 0 25 

25'C 250 525 500 850 

AVO 
Large-signal differential RL = 1 M!l -40'C 250 900 500 1550 
voltage amplification See Note 7 

85'C 150 330 250 585 

25'C 70 95 75 97 
CMRR Common-mode VIC = VICR min -40'C 70 95 75 97 

rejection ratio 
85'C 70 95 75 97 

25'C 75 98 75 98 

kSVR 
Supply-voltage rejection VOO=5VtoI0V, -40'C 75 98 75 98 
ratio (~Voo/~VIO) Va ~ I.4V 

85'C 75 98 75 98 

Va - VOD/2, 25'C 40 68 57 92 

IDD 
Supply current 

VIC = VDD/2, -40'C 62 108 98 172 
(four amplifiers) 

No load 85'C 29 52 40 72 

NOTES: 5. The typical values of input bias current and input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.AtVDD = 5 V, Va = 0.25 V to 2V; at VOO ~ 10 V, Vo = 1 Vto 6 V. 

operating characteristics 

TEST CONDITIONS VDD = 5V VDD = 10V 
PARAMETER 

TA MIN TYP MAX MIN TYP MAX 

25'C 32 47 

SR Slew rate at unity gain RL=IM!l, CL = 20 pF, -40'C 39 59 
VIPP = 1 V, See Figure 1 

85'C 25 34 

Vn Equivalent input noise voltage f - 1 kHz, RS = 100!l 25'C 68 68 

25'C 85 110 

Bl Unity-gain bandwidth CL = 20 pF, See Figure 2 -40'C 130 155 

85'C 55 80 

25'C 34' 38' 

<Pm Phase margin at unity gain CL = 20 pF, See Figure 2 -40'C 38' 42' 

85'C 28' 32' 

UNIT 

!lV 

!lVI'C 

pA 

pA 

V 

V 

V 

mV 

VlmV 

dB 

dB 

!lA 

UNIT 

V/ms 

nvl/Hz 

kHz 
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TLC1079M 
LinCMOSTM IJPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

electrical characteristics over operating free-air temperature. range (unless otherwis.e noted) 
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TEST CONDITIONS VDD = 5V VDD = 10V 
PARAMETER 

TA MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage 
25°C 190 850 200 1150 

Vo = 1.4 V, VIC = OV, Full range 1600 1900 

Temperature coefficient RS = 500, RI = 1 MO 25°C to 
aVIO of input offset voltage 125°C 

1.4 1.4 

110 
Input offset current 25°C 0.1 0.1 

(see Note 5) Vo = VOO/2, 125°C 1.4 15 1.8 15 

liB 
Input bias current VIC = VOO/2 25°C 0.6 0.7 

(see Note 5) 125°C 9 35 10 35 

0 -0.3 0 -0.3 

25°C to to to to 
Common-mode input 4 4.2 9 9.2 

VICR voltage range 
0 0 

(see Note 6) 
Full range to to 

3.5 8.5 

25°C 3.2 4.1 8.2 8.9 

VOH High-level output voltage VIO = 100 mY, -55°C 3.2 4.1 8.2 8.8 
RL = 1 MO 

125°C 3.2 4.2 8.2 9 

25°C 0 25 0 25 

VOL LOW-level output voltage VIO = -100 mY, -55°C 0 25 0 25 
10L= 0 

125°C 0 25 0 25 

25°C 250 525 500 850 

AVO 
Large-signal differential RL=IMO -55°C 250 950 500 1750 
voltage amplification See Note 7 

125°C 75 200 150 380 

25°C 70 95 75 97 
CMRR Common-mode VIC = VICR min -55°C 70 95 75 97 

rejection ratio 
125°C 70 85 75 91 

25°C 75 98 75 98 

kSVR 
Supply-voltage rejection VOO = 5Vto 10V, -55°C 70 98 70 98 
ratio (AVOD/AVIO) VO=I.4V 

125°C 70 98 70 98 

Vo =VOO/2, 25°C 40 68 57 92 

100 
Supply current 

VIC =VOO/2, -55°C 69 120 111 192 
(four amplifiers) 

No load 125°C 27 48 35 60 

NOTES: 5. The tYPical values of Input bias current and Input offset current below 5 pA were determined mathematically. 
6. This range also applies to each input individually. 
7.At VOO = 5 V, Vo = 0.25 V to 2 V; at VOO = 10 V, Vo = 1 V to 6 V. 

operating characteristics 

TEST CONDITIONS VDD = 5V VDD=10V 
PARAMETER 

TA MIN TYP MAX MIN TYP MAX 

25°C 32 47 

SR Slew rate at unity gain RL = 1 MO, CL = 20 pF, -55°C 41 63 
VIPP = 1 V, See Figure 1 

125°C 20 27 

Vn Equivalent input noise voltage f =·1 kHz, RS = 1000 25°C 68 68 

25°C 85 110 

Bl Unity-gain bandwidth CL = 20 pF, See Figure 2 -55°C 140 165 

125°C 45 70 

25°C 34° 38° 

<l>m Phase margin at unity gain CL = 20 pF, See Figure 2 -55°C 39° 43° 

125°C 25° 29° 
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TLC1079 
LinCMOSTM /J.POWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Voo 

>---'~t---- Vo 

Cl includes fixture capacitance. 

FIGURE 1. SLEW RATE TEST CIRCUIT 

10 kn 

100 n 

>---.>--4t---- Vo 

VOO/2 

Cl includes fixture capacitance. 

FIGURE 2. UNITY-GAIN BANDWIDTH AND 
PHASE MARGIN TEST CIRCUIT 

TYPICAL CHARACTERISTICS 

DISTRIBUTION OF TLC1079 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Amplifiers 

60 Voo = 5V 
TA = 25°C to 1 

~ 50 ~;~::~e 
j (1) 19.21J-V/oC ! 40 (1) 12.1 IJ-V/oC 

'0 
.. 301--+---+-+--+-, 
I 20~-+--+-+--+-

10 ~--+---j--+-

0 ....... ....1-....... ..-­

-10 - 8 - 6 - 4 - 2 0 2 4 6 8 10 
"VIO - Temperature Coefficient -IJ-V/oC 

FIGURE 3 

DISTRIBUTION OF TLC1 079 
INPUT OFFSET VOLTAGE 

TEMPERATURE COEFFICIENT 

356 Amplifiers tested 

voo = 10V I 
60 T A = 25°C to 125oC,----f-+--+-+--+---l 

<f!. N Package 
I 50 Outliers: 

j (1) 18.71J-V/oC 

a. 40 (1) 11.61J-V/oC 

Ii 
'0 
.. 301--+---+-+--+-

l I 20 ~-+--+-+--+-

10 I---+--+~I-

0r........J... __ _ 

-10 -8 -6 -4 -2 0 2 4 6 8 10 
"VIO - Temperature Coefficient - lJ-V/oC 

FIGURE 4 
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TLC1079 
LinCMOS ™ /JPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 
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tyPICAL CHARACTERISTICSt 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

5~--~----~--~----~--~ 
VIO = 100mV 
TA = 25°C 

16 

r--.... 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VIO = 100mV 

--... ~OO = 16V 
TA = 25°C 

.... 1'-.. 
........... 

I'-.. 
........... 

.......... 
I'-... VOO = 10V .... 

r-.... 
~ 1 

> 
I 

8. 

~ 
1 
::I 
0 

~ 
.S!' ::c 
I 

a 
> 

OL---~----~----~--~~--~ o 

16 

14 

12 

10 

8 

6 

4 

2 

-2 -4 -6 -8 
IOH - High-Level Output Current- mA 

FIGURE 5 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 

VIO = lOOmV 

-10 

RL = 1 Mil V TA = 25°C 

[7 
/ 

V 
/ 

V 
/ 

V 
/ 

17 
/ 

.... 17 

o 
o 

VOO-l.6 

> VOO -1.7 
I 

8. VOO-l.8 

= ~ _ VOO-l.9 

t 
o VOO -2 

J VOO -2.1 

t 
I VOo~2.2 

a 
> VOO-2.3 

-10 -20 -30 
IOH "- High-level Output Current- mA 

FIGURE 6 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

-40 

VIO = 100mV 

............ 
IOH = -5mA 

r--.... VOO = 5V .. 

I" r--... 
r--.... 

I'-.. ~t-.. 
VOO = 10V ............. ~ 

......... 

~ 
........... 

r--... 
~ 

o VOO-2.4 
o 2 4 6 8 10 12 14 16 -75 -SO -25 0 25 SO 75 100 125 

VOO - Supply Voltage - V 

FIGURE 7 

T A - F .... Alr Tempereture - °C 

FIGURES 

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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TLC1079 
LinCMOS ™ f.lPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

700 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

VDD = 5V 1\ IOL=5mA-

\ ~ 
1 

: 600 

~ 

1 
c3 soo 

1 
1 

1 400 

~ 

TA = 25'C 

\ 
i\VID = -100mV 

1\..\ 

" ....... " t'-.. 
VID = -1 V I" l'---I 

...... -...........: --300 
o 

~ 
2 3 

BOO 

~ 
700 

1 :600 
~ SOO 

1400 

1300 

1 200 

6 
> 100 

~ 

1\ 
\ 
" 

VIC - Common-Mode Input Voltage - V 

FIGURE 9 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

DIFFERENTIAL INPUT VOLTAGE 

VIC = IVID I 21 
IOL = SmA 
TA = 25'C 

I\. VDD = 5 V 

~ r---. 
VDD = 10V 

I--

4 

o 
o -2 -4 -6 -8 -10 

VID - Differential Input Voltage - V 

FIGURE 11 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

COMMON-MODE INPUT VOLTAGE 

I I I 
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VIC - Common-Mode Input Voltage - V 

FIGURE 10 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I I 
VID = -1 V 

- VIC = 0.5V V _IOL=5mA 

VDD = 5 V / 
/' 

V V 
.// 1,/ 

./ 

V I-"'" ,....,.... ,...... VDD = 10V .,....... 
!---

-75 -50 -25 0 25 50 75 100 125 
T A - Free-Air Temperature - 'C 

FIGURE 12 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC1079 
LinCMOSTM IJPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

VIO = -1 V 
VIC = 0.5 V 
TA = 25'C 

voo = 5V 
voo = 4} / 

voo = 3~ ~ 
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o 2345678 

IOL - Low-Level Output Current- mA 

FIGURE 13 
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I 
I .... 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

I 
vlO = -1 V 
VIC = 0.5 V 
TA = 25°C 

VOO = 16i 
VOO = 10j / 
/ V 
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/ o 
o 

V 

5 10 15 20 25 
IOL - Low-Level Output Current- mA 

FIGURE 14 

30 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 

LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
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FIGURE 15 
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T A - Free-Air Temperature - 'C 

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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TLC1079 
LinCMOSTM fJPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

INPUT BIAS CURRENT AND INPUT OFFSET CURRENT COMMON-MODE INPUT VOLTAGE POSITIVE LIMIT 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 17 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

Vo = voo/2 TA = -55'C/ 
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V ----- 25'C 
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FIGURE 19 
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FIGURE 18 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

, Vo=Voo/2 

i\. No load 

\ 
i\. 
'\ 

i'.. 
~OO=10V 

'"", 
.......... '" ~ VOO = 5~ ~ -r--- -

-75 -so -25 0 25 so 75 100 125 

TA - FI"H-A1r Temperature - 'C 

FIGURE 20 

t Data at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
NOTE 5: The typical values of input bias current and input offset current belOW 5 pA were determined mathmatically. 
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TLC1079 
linCMOSTM t-tPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICSt 
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VIPP = 1 V 

SLEW RATE 
vs 

SUPPLY VOLTAGE 
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TA = 25'C 

V 
./ 

See Figure 1 
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FIGURE 21 

NORMALIZED SLEW RATE 
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FREE-AIR TEMPERATURE 
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RL = 1 MO 

CL = 20pF 
AV = 1 
See Figure 1 
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FIGURE 22 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 
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FIGURE 23 FIGURE 24 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC1079 
Lin CMOS ™ r..tPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARAcTERISTICSt 

UNITY-GAIN BANDWIDTH 
vs 

FREE-AIR TEMPERATURE 

I I 
voo = 5 V 
Vi = 10 mV 

\ CL = 20pF 
See Figure 2 

I"- _.-

" '" '" "'" "-.. ...... 

140 

130 

N 

~120 
1 = 110 
i 
'g 100 
~ 
c 90 

i 80 
c 
:> 
170 
rii 

60 

50 

UNITY-GAIN BANDWIDTH 
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SUPPLY VOLTAGE 
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See Figure 2 / 
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FIGURE 25 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 

Voo = 5V 
RL=lMn-
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FIGURE 26 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 
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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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TLC1079 
LinCMOSTM f..lPOWER PRECISION QUAD OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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PHASE MARGIN 
vs 

CAPACITIVE LOAD 

I I 
VOO = 5V 
Vi = 10mV 

TA = 25°C 
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'" See Figure 2 
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FIGURE 30 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

Voo = 5 V 
RS = 100Q 
TA = 25°C 
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FIGURE 32 

1000 

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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TLC2201, TLC2201A,TLC22018 
Advanced LinCMOSTM LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 
D3173, NOVEMBER 1988 

• TLC2201B Is 100% Tested for Noise: 
25 nV/,JHi Max at f = 10 Hz 
12 nV/,JHi Max at f = 1 kHz 

• Low Input Offset Voltage .•. 200 IlV Max 

• Excellent Offset Voltage Stability 
with Temperature ... 0.5 IlV/oC Typ 

description 

The TLC2201, TLC2201 A, and TLC2201 Bare 
precision, low-noise operational amplifiers using 
Texas Instruments Advanced LinCMOSTM 
process, These devices combine the noise 
performance of the lowest-noise JFET amplifiers 
with the dc precision available previously only in 
bipolar amplifiers. The Advanced LinCMOSTM 
process uses silicon-gate technology to obtain 
input offset voltage stability with temperature and 
time that far exceeds that obtainable using metal­
gate technology, In addition, this technology 
makes possible input impedance levels that meet 
or exceed levels offered by top-gate JFET and 
expensive dielectric-isolated devices. 

The combination ot excellent dc and noise 
performance with a common-mode input voltage 
range that includes the negative rail makes these 
devices an ideal choice for high-impedance, low­
level signal conditioning applications in either 
single-supply or split-supply configurations, 

• Low Input Bias Current ... 1 pA Typ 
at TA = 25°C 

• Fully Specified for Both Single-Supply 
and Split-Supply Operation 

• Common-Mode Input Voltage Range 
Includes the Negative Rail 

~ 
60 

TYPICAL EQUIVALENT 
INPUT NOISE VOLTAGE 

vs 
FREQUENCY 

voo= 5V 
:> 
c 50 1\ RS = loon 
I .. 
'" ~ 
> .. 
II> 
'0 
z 
'S 
Q, 
c 

40 

30 

E 20 .. 
~ 
'~ 10 
UJ 
I 
c 

> 0 

\ 

1 

TA = 25°C 

\ 

" 
10 100 1 k 10 k 

1 - Frequency - Hz 

The device inputs and outputs are designed to withstand -1 OO-mA surge currents without sustaining latchup, 
In addition, internal ESD protection circuits 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 degradation of the device parametric performance. 

AVAILABLE OPTIONS 
_. ------

I Vnmax Vnmax 
PACKAGE 

TA VIOmax 1 = 10 Hz 1 = 1 kHz SMALL· PLASTIC CERAMIC CHIP METAL 
AT 25°C AT 25°C AT 25°C 

OUTLINE DIP DIP CARRIER CAN 
(0) (P) (JG) (FK) (L) 

-- ~----.~-----

O°C 200 ~V 25 nV/,[Hz 12 nV/,[Hz TLC2201BCD TLC2201BCP TLC2201 BCJG TLC2201BCL 

to 200 ~V 35 nV/,[Hz 15 nV/,[Hz TLC2201ACD TLC2201ACP TLC2201ACJG TLC2201ACL 

~ _ 500 ~\l TLC2201CD TLC2201CP TLC2201CJG TLC2201Cl --- --- ----- --- -~----

-40°C 2OOl1V 25 nV/,[Hz 12 nV/,[Hz TlC2201 BID TlC2201BIP TLC2201 BIJG TlC2201BIL 

to 200 ~V 35 nV/,[Hz 15 nV/,[Hz TlC2201AID TLC2201AIP TlC2201AIJG TLC2201AIL 

85°C ~()0.Jly_ TlC22011D TlC22011P TLC22011JG TLC2201ll 
f--.-'-

25 nV/,[Hz 12 nV/,[Hz 
.. -- --- -- "------------ -----.-

-55°C 200 ~V TLC2201BMD TLC2201 BMP TlC2201 BMJG TLC2201 BMFK TLC2201BML 

to 200~V 35 nV/,[Hz 15 nV/,[Hz TLC2201AMD TLC2201AMP TLC2201 AMJG TLC2201AMFK TLC2201AML 

~5°C 500 ~V TLC2201MD TLC2201MP TlC2201MJG TLC2201MFK TLC2201ML 
------_ ... ." .. ---.-~ .. ------. 

D packages are available taped·and·reeled. Add "R" suffix to device type when ordering (e.g., TLC2201 BCDR). 

Advanced LinCMOS is a trademark 01 Texas Instruments Incorporated. 

PRODUCTION DATA documents contain inlormation 
current as of publication date. Products conform to 
speclllcations per tho terms 01 Texas Instruments TEXAS ." 

Copyright © 1988, Texas Instruments Incorporated 
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TLC2201, TLC2201A, TLC22018 
Advanced LinCMOSTM. LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

description (continued) 

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

D, JG, or P PACKAGE 
(TOP VIEW) 

IN- 2 7 VOO + 

NCU8 NC 

IN + 3 6 OUT 

VOO _/GNO 4 5 NC 

NC - No internal connection 

equivalent schematic 

IN+ 

IN-i 

01 04 

NC 4 

IN- 5 

NC 6 

IN + 7 

NC 8 

07 08 

FK PACKAGE 

(TOP VIEW) 

()()()()() 
zzzzz 

3 2 1 20 19 

9 1011 1213 

()O()()() 
zzzzz 

(!) 

'I 
o 
o 
> 

010 

18 NC 

17 VOO + 
16 NC 
15 OUT 
14 NC 

011 

Cl 

013 

Rl 

VOO-

L PACKAGE 

(TOP VIEW) 

NC 

Pin 4 of the L package is in electrical 

contact with the case . 

OUT 

015 017 

01 

R2 
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TLC2201, TLC2201A,TLC22018 
Advanced LinCMOSTM LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD + (see Note 1) ..................................................... 8 V 
Supply voltage, VDD _ (see Note 1) .................................................... - 8 V 
Differential input voltage (see Note 2) .................................................. ± 16 V 
Input voltage range, VI (any input, see Note 1) ........................................... ± 8 V 
Input current, II (each input) ......................................................... ± 5 mA 
Output current, 10 ................................................................ ± 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, T A: M-suffix .................................... - 55°C to 125°C 

I-suffix ...................................... - 40°C to 85°C 
C-suffix ........................................ 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: D or P package ............... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package .............. 300°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VDD + and VDD _ . 
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. 

DISSIPATION RATING TABLE 

PACKAGE 
TA 525'C DERATING FACTOR TA = 70'C TA = 85'C TA = 125'C 

POWER RATING ABOVE T A = 25'C POWER RATING POWER RATING POWER RATING 

D 725mW 5.8 mWfDC 464mW 377mW 145mW 

FK 1375 mW ".0mWfDC 880mW 715mW 275mW 

JG 1050 mW 8.4 mWfDC 672mW 546mW 210mW 

L 650mW 5.2 mW/'C 416mW 338mW 130mW 
p 1000 mW 8.0 mW/'C 640mW 520mW 200mW 

recommended operating conditions 
M-SUFFIX I-SUFFIX C-SUFFIX 

----
MIN MAX MIN MAX MIN MAX 

Supply voltage, VDD ± 2.3 ±8 ±2.3 ±8 ±2.3 ±8 

Common-mode 
VDD- VDD + - 2.3 VDD- VDD + -2.3 VDD- VDD + - 2.3 

input voltage, VIC ._-------_ .. .-
Operating free-air 

temperature, T A 
-55 125 -40 85 0 70 

.--
UNIT 
._-

V 

V 
I·····~ 

'C 

,. 
(I) .. 
Q) 

!E 
Q. 
E « 
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TlC2201M 
Advanced LinCMOSTM lOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, VDD ± = ± 5 V (unless otherwise noted) 
--

PARAMETER TEST CONDITIONSt 
TLC2201M 

UNIT 
MIN TYP MAX 

VIO Input offset voltage 
25°C 100 500 

~V 
Full range 700 

Temperature coefficient of input offset voltage 
- 55°C to 

(lVIO 
125°C 

0.5 ~V/oC 

Input offset voltage long-term drift (see Note 4) VIC = 0, RS = 50Q 25°C 0.001 0.005 "Virna 

110 Input offset current 
25°C 0.5 

Full range 500 
pA 

-
25°C 1 

liB Input bias current 
Full range 500 

pA 

-5 

VICR Common-mode input voltage range RS = 50 Q Full range to V 

2.7 

VOM+ Maximum positive peak output voltage swing 
25°C 4.7 4.8 

Full range 
V 

RL=10kQ 
4.7 

VOM- Maximum negative peak output voltage swing 
25°C -4.7 -4.9 

V 
Full range -4.7 .. _.-

Vo = ±4V, 25°C 400 560 

AVD Large-signal differential voltage amplification 
RL = 500 kQ, Full range 200 

V/mV 
Vo = ±4 V, 25°C 90 100 -- --
RL = 10 kQ Full range 45 

.. --
Vo = 0, VIC = VICR min, 

CMRR Common-mode rejection ratio 
25°C 90 115 

-- dB 
RS = 50Q Full range 85 

---
25°C 90 110 

kSVR Supply-voltage rejection ratio (~VDD ± I ~VIO) VDD ± = ± 2.3 V to ± 8 V 
Full range 85 

dB 

IDD Supply current Vo = 0, No load 
25°C 1.1 1.5 

rnA 
Full range 1.5 

operating characteristics at specified free-air temperature, V DD ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC2201M 

UNIT ~-TYPMAX 

Vo = ±2.3V, RL = 10k(!, 25°C 2 2.7 
SR Slew rate at unity gain 

CL=100pF 
VII'S 

Full range 1.3 

Vn Equivalent input noise voltage 
f = 10 Hz 25°C 18 

nV/v'Hz 
f = 1 kHz 25°C 8 

Peak-to-peak equivalent input noise voltage 
f = 0.1 to 1 Hz 25°C 0.5 

VNPP 1= 0.1 tol0Hz 25°C 0.7 "V 

In Equivalent input noise current 25°C 0.6 fA/v'Hz 
-

1= 10kHz, RL = 10k(!, 
Gain-bandwidth product 

CL = 100pF 
25°C 1.9 MHz 

</Jm Phase margin at unity gain RL = 10kQ, CL =~~F 25°C 48° 
--~--.. ----

tFull 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 lile 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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TLC2201AM, TLC2201BM 
Advanced LinCMOSTM LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, V DO ± = ± 5 V (unless otherwise noted) 
--_. ----_._---_ .. ._---_. 

PARAMETER TEST CONDITIONSt ____ !.':.C2201AM:_::__ _: TLC2201 BM 
UNIT 

MIN TVP MAX MIN TVP MAX .. _-- .-

Via Input offset voltage 
25°C 80 200._ 80 200 

~- ~V 
__ ~ull range 400 400 .. _----- ----- r- - . 

Temperature coefficient - 55°C to 
aVIO of input offset voltage ~25°C 

0.5 0.5 ~V/oC 

Input offset voltage 
.-_"-_0' . - ---- -- -

long-term drift (see Note 4) 
VIC = 0, RS = 50'1 25°C 0.001 0.005 0.001 0.005 ~V/mo 

110 Input offset current 
25°C 0.5 0.5 ---_._-- pA 

Full range 500 500 .. -
25°C 1 1 

liB Input bias current 
Full range 500 -~ 

pA 

-5 -5 

VICR 
Common-mode input 

RS = 50'1 Full range to to V 
voltage range 

2.7 2.7 

VOM+ 
Maximum positive peak 25°C 4.7 4.8 4.7 4.8 
output voltage swing Full range 4.7 

V 

RL = 10 kQ 
4.7 

Maximum negative peak 25°C -4.7 -4.9 -4.7 -4.9 
VOM- output voltage swing Full range -4.7 

V 
-4.7 

Va = ±4V, 25°C 400 560 400 560 

Avo 
Large-signal differential RL = 500 kQ Full range 200 200 
voltage amplification Va = ±4 V, 25°C 100 

V/mV 
90 90 100 

RL = 10kQ Full range 45 45 

CMRR 
Common-mode Va = 0, VIC = VICR min, 25°C 90 115 90 115 
rejection ratio RS = 50'1 

dB 
Full range 85 85 

kSVR 
Supply-voltage rejection 

VOO± = ±2.3Vto±8V 
25°C 90 110 90 110 

dB 
ratio (,WOO ± / lI.VIO) Full range 85 85 

100 Supply current Va = 0, No load 
25°C 1.1 1.5 1.1 1.5 

mA 
Full range 1.5 1.5 

operating characteristics at specified free-air temperature, VDD ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC2201AM TLC2201BM 

MIN TVP MAX MIN TVP MAX 
UNIT 

Slew rate 
Vo = ±2.3 V, 

25°C 2 2.7 2 2.7 
SR 

at unity gain 
RL = 10kQ, V/~s 

CL=100pF Full range 1.3 1.3 

Vn 
Equivalent input noise f = 10 Hz 25°C 18 35 18 25 

nV/-JHz 
voltage (see Note 5) f = 1 kHz 25°C 8 15 8 12 

VNPP 
Peak-to-peak equivalent f = 0.1 to 1 Hz 25°C 0.5 0.5 
input noise voltage f=0.1t010Hz 25°C 0.7 0.7 

~V 

In Equivalent input noise current 25°C 0.6 0.6 fAl-JHz 
f _ 10kHz, 

.. _-

Gain-bandwidth product RL = 10kQ, 25°C 1.9 1.9 MHz 
CL = 100pF --t---
RL = 10 kQ, 

~m Phase margin at unity gain 
CL = 100 pF 

25°C 48° 48° 

tFuil range is - 55°C to 125°C. 
NOTES: 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. 
5. This parameter is tested on a sample basis for the TLC2201 A and on all devices for the TLC2201 B. For other test reqUirements, 

please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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TLC220tM 
Advanced LinCMOSTM LOW-NUISE PRECISION 
OPERATIONAL AMPLIFIERS 

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

Via Input offset voltage 

------ -----r= 
TEST CONDITIONSt 

TLC2201M 
UNIT TER 

MIN TYP MAX 

25°C 100 500 
Full range 700 IlV 

PARAME 

nt of input offset voltage 
- 55°C to 
125°C 

0.5 IlV/oc 
------c.~ 

VIC = 0, RS = 500 f---. 250C ng-term drift (see Note 4) 0.001 0.005 ~V/~~ .... _----_ ... _-_.-

!lVIO Temperature coefficie 

Input offset voltage 10 "------_. __ . __ ._- ----"--_. _. __ .. 

25°C 0.5 

ri-UII range 500 
pA 

.. _---------- .. _-
25°C 1 

fIJ11 range 500 
pA 

--- ---_ .. _--

110 Input offset current 

liB Input bias current 

0 
VICR Common-mode input voltage range RS = 500 Full range to V 

2.7 ------- ---_. ._- .. _---_ .. - -
1-' 25~C t----4.7 

utput voltage RL = 10 kO 
4.8 

V 
Full range 4.7 

VOH Maximum high-level 0 
------- ._. 

utput voltage 10 = a 25°C a 50 
mV 

Full range 50 
VOL Maximum low-level 0 

----- .... 
Va = 1 Vto4 V, 25°C 150 315 

ial voltage amplification 
RL = 500 kO, Full range 75 

V/mV 
Va = 1 Vt04 V, 25°C 25 55 

AVO Large-signal different 

RL = 10kO Full range 10 

100 Supply current 

_0 ____ -

Va = 0, Vlc-=-VlcR min, 
tion ratio 

25°C 90 110 
RS = 500 Full range 85 

dB 
... r~ 

ion ratio (,;,VOO ±I ,;,VIO) VOO = 4.6 V to 16 V 
25°C 90 110 

dB 
Full range 85 

_ .. -

- ---_. -_ .. _-_._-_ .. - t----------
Vo =2.5 V, No load 

25°C 1 1.5 
mA 

Full rang~ 1.5 .. _----_ .. ..... __ ._-----_ . 

CMRR Common-mode rejec 

kSVR Supply-voltage reject 

operating characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

;~~~~;T~~--- .. -----........,---T-E-S-T -C-O-N-D-IT-IO-N-S-t---'I--:---M-'I-NT-L--C-~-~O-;-M-M-A-X~-U-N-I';--

t-- .. -------. 
1.8 2.5 

---------
1.1 

V/!'s 
Va = 0.5 V to 2.5 V, 25°C 

---
RL = 10 kO, CL = 100 pF Full range 

SR Slew rate at unity gain 

Equivalent input noise voltage 
1=10Hz 25°C 18 

ct~ 1 kHz 250C 8 nV/-vHz 
.-.. -.. -.. - ·----.. ·-· .. ·---·-.. -----------t""Cf~=--;0:-c.1;-t;-0-:;1-;Hc-z--------t--:2~5°c:::-C ---+---·----:0.':-5---+-----

VNPP Peak-to-peak equivalent input noise voltage f = 0.1 to 10Hz C !'V 

- -EquivaJe-n-t i-np-uinolSecur-re-n-t -----·-+---·--------+--=~::....::-c=-f-- .. ---~:..c:~'------+ iAN'Hz""" 
.. · .. ·-----·-.. -- .. -------·-t-;-f -=--:1C;:07k;-;Hz-,-R""L-=--"'1C::-0 Ji--::n",-+--------+-----------+----1 

Gain-bandwidth product CL = 100 pF 25°C 1.8 MHz 

------- f--RL~ri kO, CL= .. 1riiipF+--=25::::oc=C-+----------:4-5~O:--.. -------t----i 
__ . ____ ... _____ .___ _~ _____ .....L ___ .......:..:..... ___ .....L __ ---" 

tFull 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. 
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TLC2201AM, TLC2201BM 
Advanced LinCMOSTM lOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

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

------------ r--- TLC2201AMI- TLC220i-SM i UNIT! 

-VIO-__ P~RA~~TER TES~_~_ONDITI~N~_25~c ___ LM.lt-I-- T:~ M2~~ -I~-_MIN T:~ M2~~ I .. v 
Input offset vonage _ - r 

____ _____~ Full range ____ 40Q +- 400 
Temperature coefficient - 55'C to ,I . 

«VIO of input offset voltage __ 125'C _._ 0.5 0 0.5 ~V/oC I 

---- -- Input offset vonage -- -
long-term drift (see Note 4) V'C = 0, RS = 50 Q 25'C 0.001 0.005 0.001 0.005 ,~V/mo 

------- ----- ------ I I 
25'C 0.5 0.5 

~~-= 500 r ____ ~~~5~O; :: 

.... - .... ----- Full range 0 500 I 0 SOD i 

RS = 50 Q Full range to te I V 

Input offset current 
---_ .. _--_._-_ .. _----1 

lIB Input bias current 

V,CR 
Common-mode input 

voltage range 
2.7 I 2.7 

i------;:-;-c------,cc--;--;---,---t--------- -------+-2:c:5::c'-=C---- -4-7--4.8 -- - -4cc7=-------c4-c.8-- - j-

1---__ --.-c--'-c--_c-"--c---c-__ +--R_L_=_1_0_k_Q ~f -----u- --0 -=-:j~ 4.7 -~ ~-=-5a1 V 
VOH 

Maximum high-level 

output voltage 

'0 = 0 FUilrange-r--:-------_ sU --'50" mV 

Vo = 1 Vt04V, 25'C 150 315 ~_0_._315 

Maximum low-level 
VOL output voltage 

RL = 500 kQ Full range 75 75 
AVD 

Large-signal differential 

voltage amplilication 
V/mV 

Vo = 1 V to 4 V, ~-f---~--~- 25 55 

1---__ ~c__--~c__----I---Rc"L~=-1~0~k~Q-~----._:_f.ful/..'an~e- __ 11l....____ ___ ..!.O. ______ _ 
Vo = 0, V'C = V,CR min, _~£.._ ~.<J.._J. ~9___ 90 110 Common-mode 

CMRR 
f-___ --=c'---;--~--_c_c___-+--R-"S'---=-5-0-Q------- £~ang-"_ i-~-- _____ . ___ ~~ ___ _ 

VDD = 4.6 V to 16 V F-!'-:~9;+-:~ 11 0 _:~ __ ~o __ _ 

rejection ratio 

Supply-voltage rejection 

dB 

kSVR dB 

r-----'----=-=---=---+----- 25'C 1.5 
Vo = 2.5 V, No load 

ratio (Ll.VDD + I Ll.V,O) 

'DD Supply current mA 
Full range 1.5 , 

operating characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 

Slew rate 
Vo = 0.5 V to 2.5 V, 

25'C 
SR 

at unity gain 
RL = 10 kn, 
CL = 100 pF Full range 

Equivalent input noise I = 10 Hz 
Vn 

25'C 
voltage (see Note 5) I = 1 kHz 25'C ... __ . 
Peak-to-peak equivalent I = 0.1 to 1 Hz 

VNPP 
25'C 

input noise voltage 1 = 0.1 t010Hz 25'C 
c..,--. 

In Equivalent input noise current 25'C ----;--_._----
f=10kHz, 

Gain-bandwidth product RL = 10 kQ, 25'C 

CL = 100 pF 

¢m Phase margin at unity gain 
RL = 10kQ, 

25'C 
CL = 100 pF 

TLC2201AM rl" 
N~ m NUl 

-- TLC22018M---- --I 
t,,1iN-TVP---MAX 1 UNIT 

1.8 2.5 1.8 2.5 
V/~s 

1.1 1.1 
- ---

18 35 C 
8 1S.t. 

0.5 

t 0.7 

0.6 
---

I 1.8 

I 
45' 

1.8 i MHz 

j 
I 

45' _L 
tFull range is - 55'C to 125'C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours 01 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. 
5. This parameter is tested on a sample basis for the TLC2201 A and on all devices for the TLC2201 B. For other test requirements, 

please contact the lactory, This statement has no bearing on testing or nontesting 01 other parameters. 
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TLC22011 
Advanced LinCMOSTM LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, V DO ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC22011 

UNIT 
MIN TYP MAX 

VIO Input offset voltage 
25°C 100 500 

ltV 
Full range 650 

Temperature coefficient of input offset voltage 
- 40°C to 

aVIO 
85°C 

0.5 Itvrc 

Input offset voltage long-term drift (see Note 4) VIC = 0, RS = son 25°C 0.001 0.005 ItV/mo 

110 Input offset current 
25°C 0.5 

pA 
Full range 1S0 

liB Input bias current 
25°C 1 

pA 
Full range 150 

-s 

VICR Common-mode input voltage range RS = son Full range to V 

2.7 

VOM+ Maximum positive peak output voltage swing 
25°C 4.7 4.8 

V 

RL = 10kn 
Full range 4.7 

VOM- Maximum negative peak output voltage swing 
25°C -4.7 -4.9 

V 
Full range -4.7 

Vo = ±4 V, 25°C 400 560 

AVO Large-signal differential voltage amplification 
RL = sao kn, Full range 250 

V/mV 
Vo = ±4 V, 25°C 90 100 
RL=10kn Full range 65 

CMRR Common-mode rejection ratio 
Vo = 0, VIC = VICR min, 25°C 90 115 

dB 
RS = son Full range 85 

kSVR Supply-voltage rejection ratio ("VOO ± I "VIO) VOO ± = ± 2.3 V to ± 8 V 
25°C 90 110 

dB 
Full range 85 

100 Supply current Vo = 0, No load 
25°C 1.1 1.5 

mA 
Full range 1.S 

operating characteristics at specified free-air temperature, V DO ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC22011 

UNIT 
MIN TYP MAX 

Vo = ±2.3V, RL = 10kn, 2SoC 2 2.7 
SR Slew rate at unity gain 

CL=100pF 
VII'S 

Full range 1.4 

Vn Equivalent input noise voltage 
f = 10 Hz 25°C 18 

nV/v'Hz 
f = 1 kHz 2SoC 8 c---
f = 0.1 to 1 Hz 2SoC O.S 

VNPP Peak-to-peak equivalent input noise voltage 
f = 0.1t010Hz 25°C 0.7 

ltV 

~- Equivalent input noise current 2SoC 0.6 fA/v'Hz 

Gain-bandwidth product 
f=10kHz, RL = 10 kn, 

2SoC 1.9 MHz 
CL=100pF 

~m Phase margin at unity gain RL = 10 kn, CL = 100pF 2SoC 48° 
~-

tFull range is - 40°C to 8SoC. 
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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TlC2201AI, TlC2201BI 
Advanced linCMOSTM lOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, VDD ± = ± 5 V (unless otherwise noted) 
--- . _ .. _------- "-~ . -------

n'~"," ~~ PARAMETER TEST CONOITIONSt 
TLC2201AI 

MIN TYP MAX MIN TYP MAX --- -_ .. ------- ---
-------1-2~'~_ 80 200-

-------- --

Via Input offset voltage -- --__ ~~OO ~V 
F~-,ange 350 350 

Temperature coef~ - 40'C to 
--------- ---

"via of input offset voltage 85'C 
0.5 0.5 ~V/'C 

--

Input offset voltage 
.. ----- ._--- f-- -----

long-term drift (se:~ 
VIC ~ 0, RS ~ 50 0 25'C 0.001 0.005 0.001 0.005 ~V/mo 

-- - --

110 Input offset current 
25'C 0.5 0.5 

----~-.-~~ pA 
Full range 150 150 .. _._----

liB Input bias current 
25'C 1 1 

Full range 150 150 
pA 

_. ----_.-

Common-mode input 
-5 -5 

VICR voltage range 
RS ~ 50 0 Full range to to V 

2.7 2.7 ---- _. f----
VOM+ 

Maximum positive peak 25'C 4.7 4.8 4.7 4.8 
output voltage swing Full range 

V 
RL ~ 10 kO 

4.7 4.7 
Maximum negative-Peak 25'C -4.7 -4.9 -4.7 -4.9 

VOM- output voltage swing .Full range -4.7 
V 

-4.7 

Va ~ ±4V, 25'C 400 560 400 560 

AVO 
Large-signal differential RL ~ 500 kO Full range 250 250 

V/mV 
voltage amplification VO~±4V, 25'C 90 100 90 100 

RL~10kO Full range 65 65 .- _._-
Common-mode Va ~ 0, VIC ~ VICR min, 

CMRR 
25'C 90 115 90 115 

rejection ratio RS ~ 500 
dB 

Full range 85 85 --
Supply-voltage rejection 25'C 90 110 

kSVR VDD ± ~ ± 2.3 V to ± 8 V 
90 110 

dB 
ratio (Ll.VDD + / Ll.VIO) Full range 85 85 --- 1----

IDD Supply current Va ~ 0, No load 
25'C 1.1 1.5 1.1 1.5 

rnA 
Full range 1.5 1.5 --

operating characteristics at specified free-air temperature, V DD ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONOITIONSt 
TLC2201AI TLC2201BI 

MIN TYP MAX MIN 'rYP MAX 
UNIT 

Slew rate 
Va ~ ±2.3 V, 

25'C 2 2.7 2 2.7 
SR 

at unity gain 
RL ~ 10kO, _ . 

• 0 •• - V/~s 

CL ~ 100 pF Full range 1.4 1.4 

Vn 
Equivalent input noise f ~ 10 Hz 25'C 18 35 18 25 

nV/{Hz 
voltage (see Note 5) I ~ 1 kHz 25'C 8 15 8 12 

VNPP 
Peak-to-peak equivalent I ~ 0.1 to 1 Hz 25'C 0.5 0.5 

input noise voltage ~.ltol0Hz 25'C 0.7 0.7 
~V 

In Equivalent input noise current 25'C 0.6 0.6 IA/{Hz 
---

I ~ 10 kHz, 

Gain-bandwidth product RL ~ 10 kfl, 25'C 1.9 1.9 MHz 
CL ~ 100 pF 

--

~m Phase margin at unity gain 
RL ~ 10 kfl, 

25'C 48' 48' 
CL ~ 100 pF 

-

tFul1 range is - 40'C to 85'C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours 01 operating life test atT A ~ 150'C extrapolated 

to TA ~ 25'C using the Arrhenius equation and assuming an activation energy 01 0.96 eV. 
5. This parameter is tested on a sample basis lor the TLC2201 A and on all devices for the TLC2201 B. For other test requirements, 

please contact the factory. This statement has no bearing on testing or nontesting 01 other parameters. 
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TLC22011 
Advanced LinCMOSTM lOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specifi~d free-air temperature, VOO = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt TLC2201I 
UNIT 

MIN TYP MAX 

VIO Input offset voltage 
25'C 100 500 

~v 
Full range 650 

Temperature coellicient 01 input offset voltage 
-40'C to 

O.S ~V/'C "VIO 8S'C 
Input offset voltage long-term drift (see Note 4) VIC = 0, RS= son 2S'C 0.001 O.OOS ~V/mo 

110 Input offset current 
2S'C O.S 

pA 
Full range ISO 

liB Input bias current 
2S'C 1 

pA 
Full range ISO 

0 

VICR Common-mode Input voltage range RS " 50n Full range to V 

2.7 

VOH Maximum high-level output voltage RL = 10kn 
2S'C 4.7 4.8 

V 
Full range 4.7 

VOL Maximum low-level output voltage 10 = 0 
2S'C 0 50 

mV 
Full range 50 

VO= 1 Vt04V, 25'C 150 315 

AVO Large-signal differential voltage amplilication 
RL = SOD kn, Full range 100 

V/mV 
Vo = 1 Vt04 V, 25'C 25 55 
RL = 10kn Full range 15 

CMRR Common-mode rejection ratio 
Vo = 0, VIC = VICR min, 25'C 90 110 

dB 
RS = son Full range 8S 

kSVR Supply-voltage rejection ratio (t\VOO ± I t\VIO) VOO = 4.6 V to 16 V 
2S'C 90 110 

dB 
Full range 85 

IOD Supply current Vo = 2.5 V, No load 
25'C 1 1.5 

mA 
Full range 1.5 

operating characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt TLC2201I 
UNIT 

MIN TYP MAX 

Vo = 0.SVt02.5V, 25'C 1.8 2.S 
SR Slew rate at unity gain 

RL = 10kn, CL = 100pF 
V/~ 

Full range 1.2 

Vn Equivalent input noise voltage 
I = 10 Hz 25'C 18 

nV/v'Hz 
1= 1 kHz 25'C 8 

VNPP Peak-to-peak equivalent input noise voltage 
I = 0.1.101 Hz 25'C 0.5 

~V 1= 0.1 t010Hz 2S'C 0.7 

In Equivalent input noise current 25'C 0.6 IAlv'Hz 

Gain-bandwidth product 
I = 10 kHz, RL = 10 kn, 

25'C 1.8 MHz 
CL = 100 pF 

~m Phase margin at unity gain RL=10kn, CL = 100pF 25'C 45' 

tFul1 range is - 40'C to 85'C. 
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours 01 operating lile test at T A = 150'C extrapolated 

to TA = 25'C using the Arrhenius equation and assuming an activation energy 01 0.96 eV. 
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TLC2201AI, TLC2201BI 
Advanced LinCMOSTM LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONSt 
TLC2201AI ---- TLC2201BI 

UNIT ~ TYP MAX __ MIN TYP MAX ---

VIO Input offset voHage 
25'C 80 200 80 200 

~V 
Full range 350 350-

Temperature coefficient -40'C to 
"VIO 01 inpul offset voltage 85'C 

0.5 0.5 ~V/'C 

Input offset voHage 
VIC = 0, RS = 50n 25'C 0.001 0.005 0.001 0.005 ~V/mo long-term drift (see Note 4) 

110 Input offset current 
25'C 0.5 0.5 

pA 
Full range 150 150 

liB Input bias current 25'C 1 1 
Full range 150 150 

pA 

Common-mode input 
0 0 

VICR voltage range 
RS = 50n Full range to to V 

2.7 2.7 

VOH 
Maximum high-level 

RL = 10kn 
25'C 4.7 4.8 4.7 4.8 

V 
output voltage Full range 4.7 4.7 

VOL 
Maximum low-level 

10 = 0 
25'C 0 50 a 50 

output voltage Full range 50 
mV 

50 
Vo = 1 Vt04V, 25'C' 150 315 150 315 

AVO 
Large-signal differential RL = 500 kn Full range 100 100 

V/mV 
vottage amplnication Vo = 1 Vt04 V, 25'C 25 55 25 55 

RL=10kn Full range 15 15 

CMRR 
Common-mode Vo = 0, VIC = VICR min, 25'C 90 110 90 110 
rejection ratio RS = 50n 

dB 
Full range 85 85 

kSVR 
Supply-voltage rejection 

VOO = 4.6Vto16V 
25'C 90 110 90 110 

dB 
ratio (AVOO ± I AVIO) Full range 85 85 

100 Supply current Vo = 2.5 V, No load 
25'C 1 1.5 1 1.5 

rnA 
Full range 1.5 1.5 

operating characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC2201AI TLC2201BI 

UNIT 
MIN TYP MAX MIN TYP MAX 

Slew rate 
Vo = 0.5Vt02.5V, 25'C 1.8 2.5 1.8 2.5 

SR 
at unity gain 

RL = 10kn, V/~s 

CL=100pF Full range 1.2 1.2 

Vn 
Equivalent input noise 1= 10 Hz 25'C 18 35 18 25 

nV/,[Hz 
vottage (see Note 5) 1= 1 kHz 25'C 8 15 8 12 

VNPP 
Peak-to-peak equivalent I = 0.1 to 1 Hz 25'C 0.5 0.5 
input noise voltage 1= 0.ltol0Hz 25'C 0.7 0.7 

~V 

In Equivalent input noise current 25'C 0.6 0.6 IA/,[Hz 
1= 10kHz, 

Gain-bandwidth product RL=10kn, 25'C 1.8 1.8 MHz 
CL=100pF 

4>m Phase margin at unity gain 
RL=10kn, 

25'C 45' 45' 
CL=100pF 

tFull range is - 4O'C to 85'C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours 01 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. 
5. This parameter is tested on a sample basis lor the TLC2201 A and on all devices lor the TLC2201 B. For other test requirements, 

please contact the lactory. This statement has no bearing on testing or nontesting 01 other parameters. 
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TLC2201C 
Advanced LinCMOSTM LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, VOO ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt TLC:!20~C 
UNIT 

MIN TYP MAX 

VIa Input offset voltage 
25°C 100 500 

Full range 600 
~V 

Temperature coefficient 01 input offset voltage 
O°C to 

aVIO 
70°C 

0.5 ~VloC 

Input offset voltage long-term drift (see Note 4) VIC = 0, RS=500 25°C 0.001 0.005 ~V/mo 

110 Input offset current 
25°C 0.5 

Full range 100 
pA 

liB Input bias current 
25°C 1 

pA 
Full range 100 

-5 

VICR Common-mode input voltage range RS = 500 Full range to V 

2.7 

VOM+ Maximum positive peak output voltage swing 
25°C 4.7 4.8 

V 

RL=10kO 
Full range 4.7 

VOM- Maximum negative peak output voltage swing 
25°C -4.7 -4.9 

V 
Full range -4.7 

Va = ±4 V, 25°C 400 560 

Avo Large-signal differential voltage amplilication 
RL = 500 k(l, Full range 300 

V/mV 
Va = ±4V, 25°C 90 100 

RL=10kO Full range 70 

CMRR Common-mode rejection ratio 
Va = 0, VIC = VICR min, 25°C 90 115 

dB 
RS = 50n Full range 85 

kSVR Supply-voltage rejection ratio ("'VOO ± I ",Via) Voo± = ±2.3Vto±8V 
25°C 90 110 

dB 
Full range 85 

100 Supply current Va = 0, No load 
25°C 1.1 1.5 

rnA 
Full range 1.5 

operating characteristics at specified free-air temperature, Voo ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC2201C 

UNIT 
MIN TYP MAX 

Va = ±2.3V, RL = 10kn, 25°C 2 2.7 
SR Slew rate at unity gain 

CL = 100 pF' 
V/~ 

Full range 1.5 

Vn Equivalent input noise voltage 
1= 10 Hz 25°C 18 

nV/v'Hz 
1= 1 kHz 25°C 8 

VNPP Peak-to-peak equivalent input noise voltage 
I = 0.1 to 1 Hz 25°C 0.5 
1= 0.1 tol0Hz 25°C 0.7 

~V 

In Equivalent input noise current 25°C 0.6 IAlv'Hz 

Gain-bandwidth product 
1= 10kHz, RL = 10kn, 

25°C 1.9 MHz 
CL = 100pF 

~. Phase margin at unity gain RL = 10 kO, CL=100pF 25°C 48° 

tFull 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 T A = 150°C extrapolated 

to T A = 25°C using the Arrhenius equation and assuming an activation energy 01 0.96 eV. 
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TlC2201AC, TlC2201BC 
Advanced linCMOSTM lOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC2201AC TLC2201BC 

UNIT 
MIN TYP MAX MIN TYP MAX --r------

2SoC 80 200 80 
VIO Input offset voltage 

200 
!IV 

Full range 300 300 
Temperature coefficient O°Cto 

O.S O.S !lV/oC aVIO 01 input offset voltage 70°C 
Input offset voltage 

VIC = 0, RS = SOQ 2SoC 0.001 O.OOS 0.001 O.OOS !lV/mo 
long-term drift (see Note 4) 

110 Input offset current 
2SoC O.S O.S 

pA 
Full range 100 100 

liB Input bias current 
2SoC 1 1 

pA 
Full range 100 100 

-S -S 
f--

VICR 
Common'mode input 

RS = SOQ Full range to to V 
voltage range 

2.7 2.7 

VOM+ 
Maximum positive peak 2SoC 4.7 4.8 4.7 4.8 

V 
output voltage swing 

RL=10kQ 
Full range 4.7 4.7 

VOM-
Maximum negative peak 2SoC -4.7 -4.9 -4.7 -4.9 

V 
output voltage swing Full range -4.7 -4.7 

Vo = ±4V, 2SoC 400 560 400 S60 

AVO 
Large-signal differential RL = 500 kn Full range 300 300 

V/mV 
voltage amplification Vo = ±4 V, 25°C 90 100 90 100 

RL = 10kQ Full range 70 70 

CMRR 
Common-mode Vo = 0, VIC = VICR min, 25°C 90 115 90 115 
rejection ratio RS = 50Q Full range 85 85 

dB 

kSVR 
Supply-voltage rejection 

VOO ± = ± 2.3 V to ± 8 V 
25°C 90 110 90 110 

dB 
ratio (,,wOO ± I ".vIO) Full range 85 85 

100 Supply current Vo = 0, No load 
25°C 1.1 1.5 1.1 1.5 

rnA 
Full range 1.5 1.5 

operating characteristics at specified free-air temperature, VOO ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONst 
TLC2201AC TLC2201BC 

UNIT 
MIN TYP MAX MIN TYP MAX 

Slew rate 
Vo = ±2.3 V, 

25°C 2 2.7 2 2.7 
SR 

at unity gain 
RL=10kQ, VIlIS 
CL=100pF Full range 1.5 l.S 

Vn 
Equivalent input noise 1= 10 Hz 25°C 18 35 18 25 

nV/'i'Hz 
voltage (see Note S) 1 = 1 kHz 2SoC 8 15 8 12 

VNPP 
Peak-to-peak equivalent 1 = 0.1 to 1 Hz 25°C 0.5 0.5 
input noise voltage I = 0.1 to 10 Hz 25°C 0.7 0.7 

",V 

In Equivalent input noise current 2SoC 0.6 0.6 IAI'i'Hz 
I-10kHz, 

Gain-bandwidth product RL = 10 kn, 25°C 1.9 1.9 MHz 

CL=100pF 

cflm Phase margin at unity gain 
RL=10kQ, 

2SoC 48° 48° 
CL=100pF 

tFull range is O°C to 70°C. 
NOTES: 4. Typical values are based on the input offset vo~age shift observed through 168 hours %perating life test alTA = 150°C extrapolated 

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis lor the TLC2201 A and on all devices lor the TLC2201 B. For other test requirements, 

please contact the lactory. This statement has no bearing on testing or nontesting 01 other parameters. 
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TLC2201C 
Advanced UnCMOSTM LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONSt 
TLC2201C 

UNIT 
I MIN TYP MAX 

Via Input ollset voltage 
25°C 100 500 

~V 
Full range 600 

Temperature coellicient 01 input offset voltage 
DoC to 

aVIO 
70°C 

0.5 ~V/oC 

Input offset voltage long-term drift (see NoteT VIC = 0, RS = 500 25°C 0.001 0.005 ~V/mo 

110 Input ollset current 
25°C 

~-range 
0.5 

100 
pA _. 

25°C 1 
liB Input bias current 

Full range 100 
pA 

-
0 

VICR Common-mode input voltage range RS = 500 Full range to V 

2.7 _ .. ---.-~-----~--.---r---. 
VOH Maximum high· level output voltage RL = 10 kO 

25°C 4.7 4.8 
V 

Full range 4.7 

VOL Maximum 10w·l_evel output voltage 10 = 0 
25°C 0 50 

mV 
Full range 50 

----~--

Va = 1 Vt04 V, 25°C 150 315 

AVD 
I RL = 500 kO, Full range 100 

V/mV Large-signal dillerential voltage am~ V V -_._--
Va = 1 to 4 , 25°C 25 55 
RL = 10kO Full range 15 

Va = 0, VIC = VICR min, 
-- ._--_._--_ .. _- .. -

CMRR Common· mode rejection ratio 
25°C 90 110 __ 

dB 
IRS=500 Full range 85 ------------ r-~ .. __ ._----

kSVR Supply·voltage rejection ratio (llVDD ± I llVIO) VDD = 4.6Vto16V 
25°C 90 110 

- ---- dB 
Full range 85 ._---- _._--

LIDD Supply current Va = 2.5 V, No load 
25°C 1 1.5 

Full range 
rnA 

1.5 ---_._---------------_._---~------

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

PARAMETER 

SR Slew rate at unity gain 

V n Equivalent input noise voltage 
1------------------_.-_. -- --~--

VNPP Peak-to-peak equivalent input noise voltage 

~J".-. _: _ Equivalent input noise current ----C· . ~ain-bandwidth product ---

~ ___ !'!1.ase margin at ul1iiY9a;;;- ------.-

!Full range is DoC to 70°C. 

TEST CONDITIONSt 

Va = 0.5 V to 2.5 V, 25°C 

Full range 
------.--.----I------'--/--
1 = 10Hz 25°C 

RL = 10 kO, CL = 100 pF 

TLC2201C 

MIN TYP MAX 

1.8 2.5 

1.3 

18 
1 =1-kH-z-------·-·-t--20":5""oC=---t------------

8 

: : ~:~:: ~OHH'..,\----+----=~:::~-:~.:...---+- 0.5 

0.7 

25°C 0.6 

CL = 100 pF 25°C 1.8 

UNIT 

V/~s 

nV/v'Hz 

~V 

fAlv'Hz 

MHz 

45° 

1 = 10 kHz, RL -:--1Okg,---~ 

_R_L_=_10_k_0_, _C_L_~ __ 100_~~ -~_2_5°_C __ -__ -=--=--=--=--=-=~2: __ _'__ __ ..J 

NOTE 4: Typical values are based on the input ollset voltage shift observed through 168 hours 01 operating life test at T A = 150°C extrapolated 
to TA = 25°C using the Arrhenius equation and assuming an activation energy 01 0.96 eV. 
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TLC2201AC, TLC2201BC 
Advanced LinCMOSTM LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

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

PARAMETER -~_~~=_ TE~~-_~~~DITION~t--- -~~~~~~~~~~LC2~~!BCMA~_~. 
___ ~ _ 80 ~~I-------___ ~20SJ v 

Full range 300 300 ~ 
r-- --Temper;;-:-tu--re-c-o-e=-ffi---'cie-n-c-t ---1 O'C to ----- ,--- -

aVIO of input offset voltage 70'C 0.5 0.5 ~V/'C I 
1---------- input offset voltage f------ -------------f---------f--------i 

V'C = A. Rs = 50 n 25'C 0.001 0.005 0.001 0.005 ~V/mo 
___ ~g~term drift (see_ N~~ ____ ---f------- ______ ~ 

Input offset voltage 

',0 Input offset current f--=cc2::---5_'C_--+ 0.5 0.5 pA 2 
Full range -- 100 100 

f----'--2.:...5--'-'C=--+-- -- ---1--- 1 I 

I-...:-----i----- -----+--------- -- pA 
I-----------------j- ------ --- -___ c-£ull ran~r--_ __:C"----1-0--0_+-______=_-----1--0-0'--~ 

o 0 

liB Input bias current 

to to 

2.7 2.7 
-------t-----::=-::---- --- -----------c:----t-----:-:---------,---_---t------I 

25'C 4.7 4.7 4.8 
~F-u-II-ra-ng-e f----~4.'7c-~~-----i--4~.7~-~----1 V 

---------i-'--':::2'-'5-='C...:..:-+-c-...:----- -----0--50 --mJ 

~F~iTra.nQel-- 50 

V'CR 
Common-mode input 

voltage range 

VOH 
Maximum high-level 

output voltage 

VOL 
Maximum low-level 

output voltage 

RS = 50 fl 

'0 = 0 

Full range 

4.8 

----
0 50 

50 

315 25'C 150 

V 

AVO 
Large-signal differential 

voltage amplification 55 

Full range 100 

25'C 25 

Full range 15 ---

CMRR 
Common-mode 

rejection ratio 
110 25'C 90 

Full range 85 85 -- ----

kSVR 
Supply-voltage rejection 

ratio (~VOO ± I ~V,O) 
Voo = 4.6 V to 16 V 

25'C 90 

Full range 85 

110 90 110 
dB 

85 -- --

100 Supply current 
25'C 

Full range 

1 1.5 1 1.5 

1.5 
rnA 

I 1.5 
Va = 2.5 V. No load 

operating characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

PARAMETER 

Slew rate 
SR 

at unity gain 

Vn 
Equivalent input noise 

voltage (see Note 5) 
-

Peak-to-peak equivalent 
VNPP input noise voltage 

1----=---------- -
In Equivalent input noise current __ 

Gain-bandwidth product 

~m Phase margin at unity gain 

tFull range is O'C to 70'C. 

TES TC 

---------,-----------
ONDITIONSt TLC2201AC TLC2201BC 

Va = 0.5 2.5 V. 

RL = 
Vto 

fl. 10 k 

CL = 100 pF 
-

f = 10 Hz 
~c-

MIN TYP MAX MIN 

,"'C '"" ,t ~:;_ - -- ------ ----

Full rang~.3 1.~ 
25'C 18 35 

f = 1 kHz 
'1-= 0.1 to 
----;----

f = 0.1 to 

25'C 15 

~z ---l-~:~~--
8 

0.5 r-------
0.7 

1 H 

10 

f':,-'10kH 

RL = 
z. 
fl. 10 k 

91-~~ pF 

n. 
pF 

RL = 10 k 

GL,= 100 

25'C 0.6 
--- --:'c-T _._---

1.8 

25'C 45' 

TYP MAX 

2.5 

1{--% 

0.5 

0.7 

0.6 

1.8 

45' 

UNIT 

V/~ 

nV/v'Hz 

~V 

fAlv'Hz 

MHz 

NOTES: 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. 

5. This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201 B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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TLC2201, TLC2201A, TLC2201B 
Advanced LinCMOSTM LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

Va 

100n loon 

FIGURE 1. NOISE VOLTAGE TEST CIRCUIT 

VI 
>--+-"--VO 

NOTE A: CL includes fixture capacitance. 

FIGURE 3. SLEW RATE TEST CIRCUIT 

typical values 

VI 100n >----VO 

NOTE A: CL includes fixture capacitance. 

FIGURE 2. PHASE MARGIN TEST CIRCUIT 

Va 

FIGURE 4. INPUT BIAS AND OFFSET 
CURRENT TEST CIRCUIT 

Typical values as presented in this data sheet represent the median (50% point) 01 device parametric 
performance. 

input bias and offset current 

At the picoamp bias current level typical 01 the TLC2201, TLC2201 A, and TLC2201 B, accurate measurement 
01 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 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 measuring 
both the socket leakage and the device input bias current is performed. The two measurements are then 
subtracted algebraically to determine the bias current 01 the device. 

noise 

Texas Instruments offers automated production noise testing to meet individual applications requirements. 
Noise voltage at I = 10Hz and I = 1 kHz is 100% tested on every TLC2201 B device, while lot sample testing 
is performed on the TLC2201A. For other noise test requirements, please contact the lactory. 
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TLC2201, TLC2201A, TLC22018 
Advanced LinCMOSTM LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

table of graphs 
------~-----~ ------ - ------" ."--"-- .... _-- . --- -"._- -----_._. __ ._-- "---------

FIGURE 
~.------... - .. - .- -- -~---- - ---~~---------.-- .. .---_._- "--- --

VIO Input offset voltage Distribution 5 
-~-.---- --~- ----~---- -~--~--... --~.--.------~.--

liB 
vs Common-mode voltage 6 

Input bias current 
vs Temperature 7 --_. .. _- .- ------~-

CMRR Common-mode rejection ratio vs Frequency 8 
~ .. --- ----------_. ----

VOM Maximum peak output voltage 
vs Output current 9 

vs Temperature 10 

---"-QPF' Maximum peak-to-peak output voltage vs Frequency 11 

vs Frequency 12 

VOH High-level output voltage vs Current 13 

vs Temperature 14 

VOL Low-level output voltage 
vs Output current 15 

vs Temperature 16 

AVO Differential voltage amplification 
vs Frequency 17 

vs Temperature 18 

lOS Short-circuit output current 
vs Supply voltage 19 

vs Temperature 20 

100 Supply current 
vs Supply voltage 21 

vs Temperature 22 

SR Slew rate 
vs Supply voltage 23 

vs Temperature 24 

Pulse response 
Small-signal 25,26 

Large-signal 27,28 

VNPP 
Peak-to-peak equivalent input noise 0.1 to 1 Hz 29 

voltage 0.1 to 10 Hz 30 

Gain-bandwidth product 
vs Supply voltage 31 

vs Temperature 32 

~m Phase margin 
vs Supply voltage 33 

vs Temperature 34 

Phase shift vs Frequency 17 
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TlC2201, TlC2201A, TlC2201B 
Advanced linCMOSTM lOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTlcst 
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DISTRIBUTION OF TLC2201 
INPUT OFFSET VOLTAGE 

-300 -100 100 300 
VIO -Input Offl!et Voltage -I'V 

FIGURES 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

VDD± = ±5V 

Vo = 0 

VIC = 0 

500 

/ 
/ 

/ 
/V 

45 65 85 105 125 

T A - Free-Air Temperature - 'C 

FIGURE 7 

1 
I 

~ 
c3 
.1 
1&1 

10 
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2 

o 

INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 

VDD± = ±5V 
TA = 25'C 

/ 

i -2 
.s 
I -4 
j! 

'll 

-6 

-8 

-10 
-5 -4 -3 -2 -1 0 2 3 4 5 

VIC - Common-Mode Input Voltage - V 

FIGURES 

COMMON-MODE REJECTION RATIO 
vs 

FREQUENCY 

12°1==::C-I-"l---::--::::1 

b 100�_--"Io.-----"t---_t_---+----/ 
I 
~ 801_-____t---"t-----''ci----+----/ 

·i 
II: 

f 60r---+----r--~--~+---~ I ~ I_-____t--_+--_t_---"d-"'r--/ 

~ ~I_-____t--_+--_t_---+--~ 

~ 
O~--~----~----~--~----~ 
10 100 1k 10k 100k 1M 

f - Frequency - Hz 

FIGURES 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TlC2201, TlC2201A, TlC2201B 
Advanced linCMOSTM lOW~NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 

~ I--- Voo± = ±5V 

I--- TA = 25°C 
1\ -- r---

2 4 6 

1101- Output Current - mA 

FIGURE 9 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

Voo± = ±5V_ 
RL = 10 kQ 

-75 -50 -25 0 25 50 75 100 125 

T A - Free-Air Temperature - °C 

FIGURE 10 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREQUENCY FREQUENCY 
> 10 
I 

5 

f 
I 
i 
i 
l 
E 
::I 
E ; 
I 

~ 

8 
I 

TA = -55°C 

I I I II 
~A ~ 1125~J 

6 

4 

2 

Voo ± = ±5V 
RL = 10 kQ 

o 
10k 

\ 

~ 
~\ 

\\ 
"\ 

100k 

f - Frequency - Hz 

FIGURE 11 

\ 
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1M 

> 

TA = -55°C \ I I I II 
ITA ~ 1125~J \\ 

\ ~ 1\ 

I 4 .. 
CI 
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> 
'5 3 a. 
'5 
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a; 
> .. 2 .... .c 
'" :r 
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I" ..... ' Voo = 5 V 
~ 

o 
RL = 10 kQ 

10 k 100k 

f - Frequency - Hz 

FIGURE 12 

tOata at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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TLC2201, TLC2201A, TLC22018 
Advanced LinCMOSTM LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

Voo 

> VOO-2 
I 

" f VOO - 4 

~ 
'5 VOO-6 

! 
o Voo-8 

E 
1:. VOO-10 

'" :f 
I VOO-12 

5 
> VOO-14 

VOO-16 
o 

> 
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f 
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I 
~ 
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I ... o 
> 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

1\\ i"-. TA = 25°C 

Voo = ~v\ \ \ It \ 
Voo = 10 V \ \ 

\ 
Voo = 16 V \ 

i\ 

\ 
2 3 4 

IOH - High-level Output Current - mA 

FIGURE 13 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

IOl - low-level Output Current - mA 

FIGURE 15 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

2r--+---r--~--r-~---+--4-~ 

O~~--~--~~--~--~~--~ 
-75 -50 -25 0 25 50 75 100 125 

1.5 

1.0 

T A - Free-Air Temperature - °C 

FIGURE 14 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

VOO= 5V 

IOl =5~ 

-----
V 
/---

! 0.5 

I 

~ 
IOl=1mA 

o 
-75 -50 -25 0 25 50 75 100 125 

T A - Free-Air Temperature - °C 

FIGURE 16 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2201, TLC2201A, TLC2201B 
Advanced LinCMOSTM LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
FREQUENCY 

1\ 
VOO ± = ±5V 
RL=10kil 

'" AVO 
CL = 100 pF 

TA = 25°C 

'" ,~t-.. PHASE SHIFT ~ "', 

30° 
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:= 
90° :c rn .. ., 
110° ~ 

130 
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." 
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c 
0 120 :; 
u :e 
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'" ~ 
> 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

, .... ........... yTL= 500kil 
'r-.., -r--
Voo = 5 V, RL = 500 kil -r--- I 

........... _VOO±= ±5V,RL = 10kil 

~ ~ 
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f - Frequency - Hz 

FIGURE 17 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 

Vo = 0 
TA = 25°C 

VIO = -100mV 

r--- VIO = l00mV 

150° 

170° 
1 M 

2345678 

Ivoo ±I- Supply Voltage - V 

FIGURE 19 
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T A - Free-Air Temperature - °C 

FIGURE 18 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

Voo ± = ±5V 
Vo = 0 

VIO = -100mV 

VIO = l00mV 
~ 1---- f---

-75 -50 -25 0 25 50 75 100 125 

T A - Free-Air Temperature - °C 

FIGURE 20 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2201, TLC2201A, TLC2201B 
Advanced LinCMOSTM LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 24 

tData at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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TLC2201, TLC2201A, TLC2201B 
Advanced LinCMOSTM LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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FIGURE 25 
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TLC2201, TLC2201A, TLC2201B 
Advanced LinCMOSTM LOW-NOISE PRECISION 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 32 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2201, TLC2201A, TLC2201B 
Advanced LinCMOSTM LOW-NOISE PRECISION 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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FIGURE 34 

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

TYPICAL APPLICATION DATA 

latch up avoidance 

Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC2201, 
TLC2201 A, and TLC2201 B inputs and outputs are designed to withstand -100-mA surge currents without 
sustaining latchup; however, techniques reducing the chance of latch up should be used whenever possible. 
Internal protection diodes should not be forward biased in normal operation. Applied input and output voltages 
should not exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive 
coupling on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 (..IF 
typical) located across the supply rails as close to the device as possible. 

electrostatic discharge protection 

These devices use internal ESD protection circuits that prevent functional failures at voltages at or below 
2000 V. Care should be exercised in handling these devices as exposure to ESD may result in degradation 
of the device parametric performance. 
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TLC2652, TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 
03157, SEPTEMBER 1988 

• Extremely Low Offset Voltage ... 1 J1 V Max 

• Extremely Low Change in Offset Voltage with 
Temperature ••• 0.003I1V!OCTyp 

• Low Input Offset Current ••• 500 pA Max 
atTA= -55°C to 125°C 

• AVD •.. 135dBMIn 

• CMRR and kSVR ••• 120 dB Min 

• Single-Supply Operation 

• Common-Mode Input Voltage Range Includes 
the Negative Rail 

• No Noise Degradation with External 
CapaCitors Connected to VDD-

description 

0008, JG, or P PACKAGE 
(TOP VIEW) 

~rr' IN- 2 7 VOO+ 
IN + 3 6 OUT 

VOO- 4 5 CLAMP 

0014, J, or N PACKAGE 
(TOP VIEW) 

CXB 1 INT/EXT 
CXA ClKIN 

NC 12 ClKOUT 
11 vOO+ 
10 OUT 

9 CLAMP 

vOO- 8 C RETURN 

FK PACKAGE 
(TOP VIEW) 

I~ z 
~ ~o ~ ~ ooz_o 

321 2019 

The TLC2652 and TLC2652A are high·precision 
chopper-stabilized operational amplifiers 
using Texas Instruments Advanced LinCMOSTM 
process, This process in conjunction with unique 
chopper-stabilization circuitry produces 
operational amplifiers whose performance 
matches or exceeds that of similar devices 
available today, NC 4 18 ClKOUT 

NC 5 

IN- 6 

NC 7 

IN+ 8 

9 1011 1213 

o I 0 Z Q. zoza:::;; 
o :::l:5 

> Iii 0 
a: 
o 

17 NC 
16 vOO+ 
15 NC 
14 OUT 

Pin 4 of the l package is in electrical contact with the case. NC - No internal connection 

AVAILABLE OPTIONS 

PACKAGE 
8·PIN 14·PIN 20·PIN 

TA VIOmax SMALL· PLASTIC CERAMIC METAL SMALL· PLASTIC CERAMIC CHIP 
8125"C OUTLINE DIP DIP CAN OUTLINE DIP DIP CARRIER 

(0008) (P) (JG) (L) (0014) (N) (J) (FK) 
O·C ll1V TLC2652AC·8D TLC2652ACP TLC2652ACJG TLC2652ACL TLC2652AC·14D TLC2652ACN TLC2652ACJ -
to 

70·C 311V TLC2652C·8D TLC2652CP TLC2652CJG TlC2652CL TLC2652C·14D TLC2652CN TLC2652CJ -
-40'C ll1V TLC2652A1·8D TLC2652AIP TLC2652AIJG TLC2652AIL TLC2652AI·14D TLC2652AIN TLC2652AIJ -

to 
85·C 311V TLC26521·8D TLC26521P TLC26521JG TLC26521L TLC26521·14D TLC26521N TLC26521J -

-55'C ll1V TLC2652AM·8D TLC2652AMP TLC2652AMJG TLC2652AML TLC2652AM·14D TLC2652AMN TLC2652AMJ TLC2652AMFK 
to 

125'C 311V TLC2652M·8D TLC2652MP TLC2652MJG TLC2652ML TLC2652M·14D TLC2652MN TLC2652MJ TLC2652MFK 

0008 and 0014 packages are available taped and reeled. Add "R" suffix to device type when ordering (e.g., TlC2652AC·80R). 
Advanced LlnCMOS is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA do •• mantl.ontlln Information 
current as d' publl.aUon data. Products .onform to 
:r:.HI.atlOnS par ilia tarms of Taxas Instrumanll 
na:::rn:rli ~~:~~~Hr::~S:::p'~~a, not 

TEXAS ..If 
INSTRUMENlS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

Copyright © t 988, Texas Instrumenls Incorporated 
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TlC2652, TlC2652A 
Advanced LinCMOSTM PRECISION CHOP·PER~STABILIZED 
OPERATIONAL AMPLIFIERS 

description (continued) 

Chopper stabilization techniques make possible extremely high dc precision· by continLlously nulling input 
offset voltage even during variations in temperature, time, common-mode voltage, and power supply voltage; 
In addition, low-frequency noise voltage is significantly reduced. This high precision, coupled with the 
extremely high input impedance of the CMOS input stage, makes the TLC2652 and TLC2652A an ideal choice 
for low-level signal processing applications such as strain gauges, thermocouples, and other transducer 
amplifiers. (For applications that require extremely low noise and higher usable bandwidth, use the TLC2654 
or TLC2654A device, which has a chopping frequency of 10kHz.) 

The TLC2652 and TLC2652A input common-mode range includes the negative rail, thereby providing superior 
performance in either single-supply or split-supply applications, even at power supply voltage levels as low as 
±1.9 V. 

Two external capacitors are required for operation of the device; however, the on-chip chopper control circuitry 
is transparent to the user. On devices in the 14-pin and 20-pin packages, the control circuitry is made 
accessible to allow the user the option of controlling the clock frequency with an external frequency source. 
In addition, the clock threshold level of the TLC2652 and TLC2652A require no level shifting when used in the 
single-supply configuration with a normal CMOS or TIL clock input. 

Innovative circuit techniques are used on the TLC2652 and TLC2652A to allow exceptionally fast overload 
recovery time. If desired, an output clamp pin is available to reduce the recovery time even further. 

The device inputs and output are designed to withstand-100-mA surge currents without sustaining latchup. 
Additionally, the TLc2652 and TLC2652A incorporate 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 degradation of the device parametric 
performance. 

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

functional block diagram 

~---!-- CLAMP 

IN +-t--~----J+), __ ..-,. ___ _+__ OUT 
IN - -'1-+-------,1/1 

VOD-

DISTRIBUTION OF TLC2652 
INPUT OFFSET VOLTAGE 

.,.28 
I 
~241--+--+-
c 
::> 201--+--+­
'0 
~ 161--+--+-

J 121--+---+ 

81--+---+ 

41--+--

OL..-......IIIIL..IIII 

-3 -2 -1 o 2 
VIO -Input Offset Voltage -IlV 

3 
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TlC2652, TlC2652A 
Advanced linCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

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

Supply voltage, VDD+ (see Note 1) ...................................................... 8 V 
Supply voltage, VDD- (see Note 1) ..................................................... -8 V 
Differential input voltage (see Note 2) .................................................. ±16 V 
Input voltage range, VI (any ~t, see Note 1) ............................................ ±8 V 
Voltage on ClK IN and INTIEXT pins .................................... VDD _ to VDD _ +5.2 V 
Input current, II (each input) ......................................................... ±5 mA 
Output current, 10 ................................................................ ±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ........................... Unlimited 
Current into ClK IN and INTIEXT pins ................................................. ±5 mA 
Continuous total dissipation ........................................ See Dissipation Rating Table 
Operating free-air temperature, T A: M-suffix ..................................... -55°C to 125°C 

I-suffix ....................................... -40°C to 85°C 
C-suffix ........................................ 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: D, N, or P package ............ 260°C 
lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J, JG, or l package ........... 300°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VOO + and VOO _ . 
2. Oifferential vo~ages 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. 

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 

0008 725mW 5.8mW/oC 464mW 377mW 145mW 
0014 950mW 7.6mW/oC 60BmW 494mW 190mW 
FK 1375 mW 11 mW/oC 8BOmW 715mW 275mW 
J 1375 mW 11 mW/oC 8BOmW 715mW 275mW 

JG 1050 mW B.4 mW/oC 672mW 546mW 210mW 
L 650mW 5.2 mW/oC 416mW 338mW 130mW 
N 1575 mW 12.6mW/oC 1008mW 819mW 315mW 
p 1000 mW 8.0 mWJOC 640mW 520mW 200mW 

recommended operating conditions 
M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, VOO ± 1.9 ±8 ± 1.9 ±8 ± 1.9 ±B 

Common-mode 
VOO- VOO +-1.9 VOO- VOO +-1.9 VOO- VOO + -1.9 

input voltage, V'C 
Clock Input voltage VOO- VOO_+5 VOO- VOO_+5 VOO- VOO-+ 5 
Operating free-air 

temperature, T A 
-55 125 -40 85 0 70 

UNIT 

V 

V 

V 

°C 

PI 
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TlC2652M, TlC2652AM 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, VDD ± =- ± 5 V (unless otherwise rioted) 

PARAMETER TEST CONDITIONst TLC2652AM TLC2652M 
UNIT 

MIN TYP MAX MIN TYP MAX 

V,O Input offset voltage 
2SoC O.S 1 0.6 3 

ltV 
Full range 4 6 

Temperature coefficient -SsoC to 
0.003 0.03 ItV/oC "'VIO of input offset voltage 12SoC 

0.003 0.03 

Input offset voltage 
V'C = 0, RS = SO g 2SoC 0.003 0.02 0.003 0.06 ItV/mo 

long-term drift (see Note 4) 

',0 Input offset current 
2SoC 2 2 

Full range SOD SOD 
pA 

liB Input bias current 
2SoC 4 4 

Full range SOO SOO 
pA 

Common-mode input 
-S -S 

V,CR 
voltage range 

RS = SOg Full range to to V 

3.1 3.1 

VOM+ 
Maximum positive peak 

RL = 10 kg, See Note S 
2SoC 4.7 4.8 4.7 4.8 

output voltage swing Full range 4.7 4.7 
V 

VOM-
Maximum negative peak 

RL = 10 kg, See Note S 
2SoC -4.7 -4.9 -4.7 -4.9 

output voltage swing Full range -4.7 -4.7 
V 

AVO 
Large-signal differential 

Vo = ± 4 V, RL = 10 kO 
2SoC 13S 1S0 120 150 

dB 
voltage amplification Full range 120 120 

fch 
Internal chopping 

25°C 450 450 Hz 
frequency 

Clamp on-state current RL=100kO 
25°C 25 25 

itA 
Full range 25 25 

Clamp off-state current Vo = -4Vt04V 
25°C 100 100 

Full range 100 100 
pA 

CMRR 
Common-mode Vo = 0, V'C = V,CR min, 25°C 120 140 120 140 

rejection ratio RS = 50g Full range 120 120 
dB 

kSVR 
Supply-voltage rejection VOO± = ± 1.9 Vto±8 V, 25°C 120 135 120 13S 

ratio (6VOO ±/ 6V,O) Vo = 0, RS = SO g Full range 120 
dB 

120 

100 Supply current Vo = 0, No load 
2SoC 1.S 2.4 1.5 2.4 

Full range 2.5 2.S 
mA 

tFuil range is - SSOC to 12SoC. 
NOTES: 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. 
5. Output clamp is not connected. 

2-792 TEXAS ." 
INSTRUMENlS 

POST OFFICE BOX 655012· DALLAS. TEXAS 75265 



TLC2652M, TLC2652AM 
Advanced linCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

operating characteristics at specified free-air temperature, V DO ± = ± 5 V (unless otherwise noted) 

PARAMETER 

SR+ 
Positive slew rate 

at unity gain 

SR-
Negative slew rate 

at unity gain 

Vn 
Equivalent input noise 

voltage 

VNPP 
Peak-to-peak equivalent 

input noise voltage 

In Equivalent input noise current 

Gain-bandwidth product 

~m Phase margin at unity gain 

tFull range is - 55"C to I 25"C. 

TEST CONDITIONSt 

25"C 
Vo = ±2.3 V, 

RL = 10 kn, 
Full range 

CL = 100 pF 
25"C 

Full range 

f = 10 Hz 25"C 
f = 1 kHz 25"C 

f=OtolHz 25"C 
f = Otol0Hz 25"C 

f = 1 kHz 25"C 
f=10kHz, 
RL = 10 kg, 25"C 
CL = 100pF 

RL = 10 kll, 
25"C 

CL = 100 pF 

TEXAS .., 
INSTRUMENTS 

TLC2652AM 

MIN TYP MAX 

2 2.8 

1.3 

2.3 3.1 

1.6 

94 

23 

0.8 

2.8 

0.004 

1.9 

48" 
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TLC2652M 

MIN TYP MAX 

2 2.8 

1.3 

2.3 3.1 

1.6 

94 

23 

0.8 

2.8 

0.004 

1.9 

48" 

UNIT 

V/IlS 

V/IlS 

nV/,[Hz 

IlV 

pA/,[Hz 

MHz 

PI 
U) .. 
Q) 

!E 
"5. 
E 
< 
(ij 
I: 
o 

+== ca .. 
Q) 
c. 
o 

2-793 



o 
"0 
CD 
; ... O· 
::::s 
!. 

TLC26521, TLC2652AI 
Advanced ·LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt TLC2652AI TLC26521 
UNIT 

MIN TYP MAX MIN TVP MAX 

VIO Input offset voltage 
2S'C 0.5 1 0.6 3 

I1V 
Full range 2.95 4.95 

Temperature coefficient -40'C to 
0.003 0.03 0.003 I1V/'C "VIO of input offset voltage 85'C 

0.03 

Input offset voltage 
VIC = 0, RS = 50 0 2S'C 0.003 0.02 0.003 0.06 I1V/mO 

long-term drift (see Note 4) 

110 Input offset current 
25'C 2 2 

pA 
Full range 150 150 

liB Input bias current 
25'C 4 4 

Full range 150 150 
pA 

Common-mode input 
-5 -5 

VICR 
voltage range 

RS = 50 0 Full range to to V 

3.1 3.1 

VOM+ 
Maximum positive peak 

RL = 10 kO, See Note 5 
25'C 4.7 4.8 4.7 4.8 

V 
output voltage swing Full range 4.7 4.7 

VOM-
Maximum negative peak 

RL = 10 kO, See Note S 
25'C -4.7 -4.9 -4.7 -4.9 

V 
output voltage swing Full range -4.7 -4.7 

AVO 
Large-signal differential 

Vo = ±4V,RL = 10kO 
25°C 135 150 120 150 

dB 
voltage amplification Full range 125 120 

fch 
Internal chopping 

2S'C 4S0 450 Hz 
frequency 

Clamp on-state current RL = 100 ko 
2S'C 25 25 

I1A Full range 25 25 

Clamp off-state current Vo = -4Vt04V 
25'C 100 100 

pA 
Full range 100 100 

CMRR 
Common-mode Vo = 0, VIC = VICR min, 2S'C 120 140 120 140 

rejection ratio RS = sao Full range 120 120 
dB 

kSVR 
Supply-voltage rejection VOO ± - ± 1.9 V to ± 8 V, 25'C 120 135 120 135 

dB 
ratio (,'NOO ± /ll.VIO) Vo = 0, RS = 50 0 Full range 120 120 

100 Supply current Vo = 0, No load 
25'C 1.5 2.4 1.5 2.4 

mA 
Full range 2.S 2.5 

tFuli range is - 40'C to 85'C. 
NOTES: 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. 
S. Output clamp is not connected. 
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TLC26521, TLC2652AI 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

operating characteristics at specified free-air temperature, V DD ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC2652AI TLC26521 

UNIT 
MIN TYP MAX MIN TYP MAX 

SR+ 
Positive slew rate 25'C 2 2.8 2 2.8 

at unily gain 
Vo = ± 2.3 V, 

Full range 1.4 1.4 
V/~s 

Negative slew rate 
RL = 10kn, 

25'C 2.3 3.1 2.3 3.1 
SR- CL=100pF V/~s 

at unily gain Full range 1.7 1.7 

Vn 
Equivalenl input noise 1= 10 Hz 25'C 94 140 94 

nV/.JHz 
voltage (see Note 6) 1= 1 kHz 25'C 23 35 23 

VNPP 
Peak-to-peak equivalent I=Ot01Hz 25'C 0.8 0.8 

~V 
input noise voltage 1= Oto 10Hz 25'C 2.8 2.8 

In Equivalent input noise current 1= 1 kHz 25'C 0.004 0.004 pA/.JHz 

I = 10 kHz, 

Gain-bandwidth product RL = 10kn, 25'C 1.9 1.9 MHz 

CL = 100 pF 

~m Phase margin at unity gain 
RL = 10kn, 

25'C 48' 48' 
CL = 100pF 

tFull range is - 40'C to 85'C. 
NOTE 6: This parameter is tested on a sample basis lor the TLC2652A. For other test requirements, please contact the lactory. This statement 

has no bearing on testing or nontesting 01 other parameters. 
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TLC2652C, TLC2652AC 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS . 

electrical characteristic.s at specified free-air temperature, VOO ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC2652AC TLC2652C 

UNIT 
MIN TYP MAX MIN TYP MAX 

Via Input offset voltage 
25°C 0.5 1 0.6 3 

!lV 
Full range 2.35 4.35 

Temperature coefficient O°Cto 
0.003 0.03 0.003 0.03 !lV/oC <lVIO 

of input offset voltage 70°C 

Input offset voltage 
VIC = 0, RS = 500 25°C 0.003 0.02 0.003 0.06 !lV/mo 

long-term drift (see Note 4) 

110 Input offset current 
25°C 2 2 

Full range 100 100 
pA 

liB Input bias current 
25°C 4 4 

pA 
Full range 100 100 

Common-mode input 
-5 -5 

VICR voltage range 
RS = 500 Full range to to V 

3.1 3.1 

VOM+ 
Maximum positive peak 

RL = 10 kO, See Note 5 
25°C 4.7 4.8 4.7 4.8 

V 
output voltage swing Full range 4.7 4.7 

VOM-
Maximum negative peak 

RL = 10 kO, See Note 5 
25°C -4.7 -4.9 -4.7 -4.9 

V 
output voltage swing Full range -4.7 -4.7 

AVO 
Large-signal differential 

Va = ±4V,RL = 10kO 
25°C 135 150 120 150 

dB 
voltage amplification Full range 130 120 

fch 
Internal chopping 

25°C 450 450 Hz 
frequency 

Clamp on-state current RL = 100kO 
25°C 25 25 

i!A Full range 25 25 

Clamp off-state current Va = -4Vt04V 
25°C 100 100 

pA 
Full range 100 100 

CMRR 
Common-mode Va = 0, VIC = VICR min, 25°C 120 140 120 140 

rejection ratio RS = 500 Full range 120 120 
dB 

kSVR 
Supply-voltage rejection VOO ± - ± 1.9 V to ± 8 V, 25°C 120 135 120 135 

dB 
ratio ('WOO + / !,vIO) Va = 0, RS = 50 0. Full range 120 120 

100 Supply current Va = 0, No load 
25°C 1.5 2.4 1.5 2.4 

mA 
Full range 2.5 2.5 

tFull range is O°C to 70°C. 
NOTES: 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. 
5. Output clamp is not connected. 
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TLC2652C, TLC2652AC 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

operating characteristics at specified free-air temperature, Voo ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt TLC2652AC TLC2652C 
UNIT 

MIN TYP MAX MIN TYP MAX 

SR+ 
Positive slew rate 25'C 2 2.8 2 2.8 
at unity gain 

Vo = ±2.3 V, 
Full range 1.5 1.5 

VII's 

Negative slew rate 
RL = 10kel, 

25'C 2.3 3.1 2.3 3.1 
SR- CL=100pF VII'S 

at unity gain Full range 1.8 1.8 

Vn 
Equivalent input noise 1 = 10 Hz 25'C 94 140 94 

nV/-v'Hz 
voltage (see Note 6) 1 = 1 kHz 25'C 23 35 23 

VNPP 
Peak-to-peak equivalent f=OtolHz 25'C 0.8 0.8 

I'V input noise voltage f=Otol0Hz 25'C 2.8 2.8 

In Equivalent input noise current I = 1 kHz 25'C 0.004 0.004 pA/-v'Hz 

I = 10kHz, 
Gain-bandwidth product RL = 10kel, 25'C 1.9 1.9 MHz 

CL = 100pF 

~m Phase margin at unity gain 
RL=10kQ, 

25'C 48' 48' 
CL=100pF 

tFull range is O'C to 70'C. 
NOTE 6: This parameter is tested on a sample basis lor the TLC2652A. For other test requirements, please contact the lactory. This statement 

has no bearing on testing or nontesting 01 other parameters. 
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TLC2652, TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

tab.le of graphs 

VIO Normalized Input offset voltage vs Chopping frequency 

vs Common-mode 

liB Input bias current 
input voltage 

vs Chopping frequency 

vs Temperature 

110 Input offset current 
vs Chopping frequency 

vs Temperature 

Clamp current vs Output voltage 

VOPP 
Maximum peak-to-peak output 

vs Frequency 
voltage swing 

VOM 
Maximum peak output voltage vs Output current 

swing vs Temperature 

Differential voltage amplification 
vs Frequency 

AVD 
vs Temperature 

fch Chopping frequency 
vs Supply voltage 

vs Temperature 

Supply current 
vs Supply voltage 

IDD 
vs Temperature 

lOS Short-circuit output current 
vs Supply voltage 

vs Temperature 

SR Slew rate 
vs Supply voltage 

vs Temperature 

Pulse response 
Small-signal 

Large-signal 

VNPP 
Peak-to-peak equivalent input 

vs Chopping frequency 
noise voltage 

Vn Equivalent input noise voltage vs Frequency 

Gain-bandwidth product 
vs Supply voltage 

vs Temperature 

vs Supply voltage 

~m Phase margin vs Temperature 

vs Load capacitance 

Phase shift vs Frequency 
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TLC2652, TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

NORMALIZED INPUT OFFSET VOLTAGE 
vs 

CHOPPING FREQUENCY 
70 
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vs 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2652, TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

25 

TYPICAL CHARACTERISTICSt 

INPUT OFFSET CURRENT 
vs 

CHOPPING FREQUENCY 
10 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

Voo± = ±5V 
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FIGURE 5 

CLAMP CURRENT 
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OUTPUT VOLTAGE 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2652, TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 
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FIGURE 9 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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vs 
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tData at high and low temperatures are applicable only within the rated operating-Iree-air temperature ranges 01 the various devices_ 
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TLC2652, TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICst 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

vs 
LARGE-SIGNAL VOLTAGE AMPLIFICATION 

vs 
FREQUENCY FREE-AIR TEMPERATURE 
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CHOPPING FREQUENCY 
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FREE-AIR TEMPERATURE 
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FIGURE 16 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2652, TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER·STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
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vs 
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SHORT-CIRCUIT OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 
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SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
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FIGURE 20 

tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2652, TLC2652A 
Advanced LinCMOSTM, PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICSt 
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FIGURE 24 

tOata at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various davices. 
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TLC2652, TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

PEAK-TO-PEAK INPUT NOISE VOLTAGE 
vs 
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TLC2652, TLC2652A 
Advanced linCMOSTM PRECISION CHOPPER~STABILIZED 
OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICSt 
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FIGURE 29 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2652, TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

capacitor selection and placement 

The two important factors to consider when selecting external capacitors CXA and CXB are leakage and 
dielectric absorption. Both factors can cause system degradation that can negate the performance 
advantages realized by using the TlC2652. 

Oegradation from capacitor leakage becomes more apparent with increasing temperatures. low-leakage 
capacitors and standoffs are recommended for operation at T A = 125°C. In addition, guardbands are 
recommended around the capacitor connections on both sides of the printed circuit board to alleviate problems 
caused by surface leakage on circuit boards. 

Capacitors with high dielectric absorption tend to take several seconds to settle upon application of power, 
which directly affects input offset voltage. In applications where fast settling of input offset voltage is needed, 
it is recommended that high-quality film capacitors, such as mylar, polystyrene, or polypropylene, be used. In 
other applications, however, a ceramic or other low-grade capacitor may suffice. 

Unlike many choppers available today, the TlC2652 is designed to function with values of CXA and CXB in 
the range of 0.1 ~F to 1 ~F without degradation to input offset voltage or input noise voltage. These capacitors 
should be located as close as possible to the CXA and CXB pins and returned to either the VOO- pin or the 
C RETURN pin. Note that on many choppers, connecting these capacitors to the VOO- pin will cause 
degradation in the noise performance. This problem is eliminated on the TlC2652. 

Internal/external clock 

The TlC2652 has an internal clock that sets the chopping frequency to a nominal value of 450 Hz. On a-pin 
packages, the chopping frequency can only be controlled by the internal clock; however, on all 14-pin 
packages and the 20-pin FK package, the device chopping frequency may be set by the internal clock or 
controlled externally by use of the INT/EXT and ClK IN pins. To use the internal 450-Hz clock, no connection 
is necessary. If external clocking is desired, connect the INT/EXT pin to VOO- and the external clock to ClK 
IN. The external clock trip point is 2.5 V above the negative rail; however, the ClK IN pin may be driven 
from the negative rail to 5 V above the negative rail. If this level is exceeded, damage could occur to the device 
unless the current into the ClK IN pin is limited to ±5 mAo When operating in the single-supply configuration, 
this feature allows the TlC2652 to be driven directly by 5-V TTL and CMOS logic. A divide-by-two frequency 
divider interfaces with the ClK IN pin and sets the > 
chopping frequency. The chopping frequency I 0 

appears on the ClK OUT pin. The duty cycle of >l!!ol!!. 
the external clock is not critical but should be kept 
between 30% and 60%. 

overload recovery/output clamp 

When large differential input voltage conditions 
are applied to the TlC2652, the nulling loop will 
attempt to prevent the output from saturating by 
driving CXA and CXB to internally-clamped 
voltage levels. Once the overdrive condition is 
removed, a period of time is required to allow the 
built-up charge to disSipate. This time period is 
defined as overload recovery time (see Figure 
33). Typical overload recovery time for the 
TlC2652 is significantly faster than competitive 
products; however, if required, this time can be 
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TLC2652,TLC2652A 
Advanced LinCMOSTM PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

reduced further by using internal clamp circuitry accessible through the CLAMP pin. 
The clamp is simply a switch that is automatically activated when the output is approximately 1 V from either 
supply rail. When connected to the inverting input (in parallel with the closed-loop feedback resistor), the 
closed-loop gain is reduced and the TLC2652 output is prevented from going into saturation. Since the output 
must source or sink current through the switch (see Figure 7), the maximum output voltage swing is slightly 
reduced. 

thermoelectric effects 

To take advantage of the extremely low offset voltage drift of the TLC2652, care must be taken to compensate 
. for the thermoelectric effects present when two dissimilar metals are brought into contact with each other 

(such as device leads being soldered to a printed circuit board). Dissimilar metal junctions can produce 
o thermoelectric voltages in the range of several microvolts per degree Celsius (orders of magnitude greater 
'C than the 0.003 IlV °C typical of the TLC2652). 
CD 
;; To help minimize thermoelectric effects, careful attention should be paid to component selection and circuit 
... board layout. Avoid the use of nonsoldered connections (such as sockets, relays, switches, etc.) in the input 
0' signal path. Cancel thermoelectric effects by duplicating the number of components and junctions in each 
:::s device input. The use of low-thermoelectric-coefficient components, such as wire-wound resistors, is also 
e!. beneficial. 

l> 3 latchup avoidance 

'E.. Because CMOS devices are susceptable to latchup due to their inherent paraSitic thyristors, the TLC2652 
~ inputs and output were designed to withstand -1 OO-mA surge currents without sustaining latchup; however, 
(D' techniques to reduce the chance of latchup should be used whenever possible. Internal protection diodes 
C;; should not, by design, be forward biased. Applied input and output voltages should not exceed the supply 

voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. 
Supply transients should be shunted by the use of decoupling capacitors (0.1 /-IF typical) located across the 
supply rails as close to the device as is possible. 

The current path established if latchup occurs is usually between the supply rails and is limited only by the 
impedance of the power supply and the forward resistance of the paraSitic thyristor. The chance of latchup 
occurring increases with increasing temperature and supply voltage. 

electrostatic discharge protection 

The TLC2652 incorporates internal ESD protection circuits that prevent functional failures at voltages at or 
below 2000 V. Care should be exercised in handling these devices as exposure to ESD may result in 
degradation of the device parametric performance. 

theory of operation 

2-808 

Chopper-stabilized operational amplifiers offer the best dc performance of any monolithic operational amplifier. 
This superior performance is the result of using two operational amplifiers - a main amplifier and a nulling 
amplifier - plus oscillator-controlled logic and two external capacitors to create a system that behaves as a 
single amplifier. With this approach, the TLC2652 achieves submicrovolt input offset voltage, submicrovolt 
noise voltage, and offset voltage variations with temperature in the nV/oC range. 

The TLC2652 on-chip control logic produces two dominant clock phases; a nulling phase and an amplifying 
phase. The term chopper-stabilized derives from the process of switching between these two clock phases. 
Figure 34 shows a simplified block diagram of the TLC2652. Switches A and Bare make-before-break types. 
During the nulling phase, switch A is closed, shorting the nulling amplifier inputs together and allowing the 
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TlC2652, TlC2652A 
Advanced linCMOSTM PRECISION CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

MAIN 
IN + ____ ------1 

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

A 

VDD-

FIGURE 34. TLC2652 SIMPLIFIED BLOCK DIAGRAM 

nulling amplifier to reduce its own input offset voltage by feeding its output signal back to an inverting input 
node. Simultaneously, external capacitor CXA stores the nulling potential to allow the offset voltage of the 
amplifier to remain nulled during the amplifying phase. 

During the amplifying phase, switch B is closed, connecting the output of the nulling amplifier to a noninverting 
input of the main amplifier. In this configuration, the input offset voltage of the main amplifier is nulled. Also, 
external capacitor CXB stores the nulling potential to allow the offset voltage of the main amplifier to remain 
nulled during the next nulling phase. 

This continuous chopping process allows offset voltage nulling during variations In time and temperature and 
over the common-mode input voltage range and power-supply range. In addition, because the low-frequency 
signal path is through both the null and main amplifiers, extremely high gain is achieved. 

The low-frequency noise of a chopper amplifier depends on the magnitude of the component noise prior to 
chopping and the capability of the circuit to reduce this noise while chopping. The use of the Advanced 
LinCMOS process with its low-noise analog MOS transistors and patent-pending input stage design 
significantly reduces the input noise voltage. 

The primary source of non ideal operation in chopper-stabilized amplifiers is error charge from the switches. 

As charge imbalance accumulates on critical nodes, input offset voltage can increase, especially with 
increasing chopping frequency. This problem has been significantly reduced in the TLC2652 by use of a 
patent-pending compensation circuit and the Advanced LinCMOS process. 

The TLC2652 incorporates a feed-forward design that ensures continuous frequency response. Essentially, 
the gain magnitude of the nulling amplifier and compensation network crosses unity at the break frequency 
of the main amplifier. As a result, the high-frequency response of the system is the same as the frequency 
response of the main amplifier. This approach also ensures that the slewing characteristics remain the same 
during both the nulling and amplifying phases. 
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TLC2654, TLC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

• Input Noise Voltage ..• 
0.51lV pop Typ, f = 0 to 1 Hz 
1.51lV pop Typ, f = 0 to 10 Hz 
47 nV/'I'Hz Typ, f = 10 Hz 
13 nV/'I'Hz Typ, f = 1 kHz 

• High Chopping Frequency ... 10 kHz Typ 

• No Clock Noise Below 10kHz 

• No Intermodulation Error Below 5 kHz 

• Low Input Offset Voltage •.. 10 IlV Max 

• Excellent Offset Voltage Stability 
with Temperature ... 0.3 IlV/DC Max 

• AVO ••• 135 dB Min 

• CMRR ... 110 dB Min 

• kSVR ... 120 dB Min 

• Single-Supply Operation 

• Common-Mode Input Voltage Range 
Includes the Negative Rail 

• No Noise Degradation with External 
Capacitors Connected to VDD _ 

L PACKAGE 
(TOP VIEW) 

VOO-

Pin 4 of the l package is in electrical contact with the case 

D3174, NOVEMBER 1988 

0008, JG, or P PACKAGE 
(TOP VIEW) 

CXA[j8 CXB 
IN- 2 7 VOO + 
IN + 3 6 OUT 

VOO _ 4 5 CLAMP 

0014, J, or N PACKAGE 
(TOP VIEW) 

CXB INT/EXT 
CXA ClKIN 

NC ClKOUT 
IN- Voo+ 
IN + OUT 
NC CLAMP 

Voo-

FK PACKAGE 
(TOP VIEW) 

I ~ z w-
>:i ~O j:::z ~ ooz_o 

3 2 1 20 19. 

NC 4 18 ClK OUT 
NC 5 17 NC 

IN- 6 

NC 7 

IN + 8 

9 1011 1213 

OIOZa. 
zc>za:::> 

c> :;):5 
> tuo 

cr: 
o 

16 VOD + 
15 NC 
14 OUT 

NC - No internal connection 

AVAilABLE OPTIONS 

PACKAGE 
8-PIN 14-PIN 20-PIN 

TA VIOmax 
SMALL· . PLASTIC CERAMIC METAL SMALL- PLASTIC CERAMIC CHIP 

AT 25°C OUTLINE DIP DIP CAN OUTLINE DIP DIP CARRIER 
(DOOB} (P} (JG} (L) (D014} (N} (J} (FK} 

O°C lOIlV TLC2654AC-8D TlC2654ACP TLC2654ACJG TLC2654ACL TLC2654AC-14D TLC2654ACN TLC2654ACJ -
to 

70°C 20llV TLC2654C-8D TLC2654CP TLC2654CJG TLC2654CL TLC2654C-14D TLC2654CN TLC2654CJ -
-40°C lOIlV TLC2654AI-8D TLC2654AIP TLC2654AIJG TLC2654AIL TLC2654AI-14D TLC2654AIN TLC2654AIJ -

to 
85°C 20llV TLC26541-8D TLC26541P TLC26541JG TLC26541L TLC26541-14D TLC26541N TLC26541J -
55°C lOIlV TLC2654AM-8D TLC2654AMP TLC2654AMJG TLC2654AML TLC2654AM-14D TLC2654AMN TLC2654AMJ TLC2654AMFK 
to 

125°C 20llV TLC2654M-8D TLC2654MP TLC2654MJG TLC2654ML TLC2654M-14D TLC2654MN TLC2654MJ TLC2654MFK 

0008 and 0014 packages are available taped-and-reeled. Add "R" suffix to device type when ordering (e.g., TlC2654AC-80R). 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1988, Texas Instruments Incorporated 
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TLC2654, TLC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER,STABILIZED 
OPERATIONAL AMPLIFIERS 

description 

The TLC2654 and TLC2654A are low-noise 
chopper-stabilized operational amplifiers using 
the Advanced LinCMOSTM process. Combining 
this process with chopper stabilization circuitry 
makes possible excellent dc precision. In 
addition, circuit techniques have been added that 
give the TLC2654 and TLC2654A noise perfor­
mance unsurpassed by similar devices. 

Chopper stabilization techniques provide for 
extremely high dc precision by continuously 
nulling input offset voltage even during variations 
in temperature, time, common-mode voltage, and 
power supply voltage. The high chopping frequ­
ency of the TLC2654 and TLC2654A provides 
excellent noise performance in a frequency 
spectrum from near dc to 10kHz. In addition, 
intermodulation or aliasing error is eliminated 
from frequencies up to 5 kHz. 

This high dc precision and low noise, coupled 
with the extremely high input impedance of the 

~ 10k 

~ 
I 

11k 
j 
i 
- 100 

j 
.ff 

I 

" > 10 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 

A 

T~Pical 250 Hz 
Copper-Stabilized 

/ Operational Amplifier 

III 

~~b~~~ 

.......... -
1 10 100 1 k 

f - Frequency - Hz 

CMOS input stage, make the TLC2654 and TLC2654A an ideal choice for a broad range of applications such 
as low-level low-frequency thermocouple amplifiers and strain gauges, as well as wide-bandwidth and 
subsonic. circuits. (For applications requiring even greater dc precision, use the TLC2652 or TLC2652A 
device, which has a chopping frequency of 450 Hz.) 

The TLC2654 and TLC2654A common-mode input voltage range includes the negative rail, thereby providing 
superior performance in either single-supply or split-supply applications, even at power supply voltage levels 
as low as ±2.3 V. 

Two external capacitors are required to operate the device; however, the on-chip chopper control circuitry is 
transparent to the us~r. On devices in the 14-pin and 20-pin packages,the control circuitry is accessible, 
allowing the user the option of controlling the clock frequency with an external frequency source. In addition, 
the clock threshold of the TLC2654 and TLC2654A requires no level shifting when used in the single-supply 
configuration with a normal CMOS or TTL clock input. 

Innovative circuit techniques used on the TLC2654 and TLC2654A allow exceptionally fast overload recovery 
time. An output clamp pin is available to reduce the recovery time further. 

The device inputs and output are designed to withstand -100 rnA surge currents without sustaining latchup. 
In addition, the TLC2654 and TLC2654A incorporate internal ESD protection circuits that prevent functional 
failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015; however, care should be 
exercised in handling these devices as exposure to ESD may result in degradation of the device parametric 
performance. 

The M-suffix devices are characterized for operation over the full military temperature range of -55°C to 
125°C. The I-suffix devices are characterized for operation from -40°C to 85°C. The C-suffix devices are 
characterized for operation from O°C to 70°C. 
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TLC2654, TLC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

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

Supply voltage, Voo+ (see Note 1) ...................................................... 8 V 
Supply voltage, Voo- (see Note 1) .................................................... - 8 V 
Differential input voltage (see Note 2) .................................................. ± 16 V 
Input voltage range, VI (any input, see Note 1) ........................................... ± 8 V 
Voltage on ClK IN and INT/EXT pins ................................... VOO _ to VOO _ + 5.2 V 
Input current, II (each input) ......................................................... ± 5 mA 
Output current, 10 ................................................................ ± 50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) ........................... Unlimited 
Current into ClK IN and INTIEXT pins ................................................ ± 5 mA 
Continuous total dissipation ........................................ see Dissipation Rating Table 
Operating free-air temperature, T A: M-suffix .................................... - 55°C to 125°C 

I-suffix ...................................... - 40°C to 85°C 
C-suffix ........................................ 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: 0, N, or P package ............. 260°C 
lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J, JG, or l package ........... 300°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VOO + and VOO _. 
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. 

DISSIPATION RATING TABLE 

PACKAGE 
TAS2SoC DERATING FACTOR TA = 70°C TA = BSoC TA = 125'C 

POWER RATING ABOVE T A = 2SoC POWER RATING POWER RATING POWER RATING 

0008 72S.mW 5.8 mW/oC 464mW 377mW 145mW 

0014 950mW 7.6 mW/oC 608mW 494mW 190mW 

FK 1375 mW 11.0 mW/'C 880mW 715mW 275 mW 

J 1375mW 11.0 mWI'C 880mW 715mW 275mW 

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

L 650 mW 5.2 mW/'C 416mW 338mW 130mW 

N 1575 mW 12.6 mW/oC 1008mW 819mW 315mW 

P 1000 mW 8.0 mW/oC 640mW 520mW 200mW 

recommended operating conditions 
M-SUFFIX I-SUFFIX C-SUFFIX 

MIN MAX MIN MAX MIN MAX 

Supply voltage, VDO ±2.3 ±8 ±2.3 ±8 ±2.3 ±8 

Common-mode 
VOO- VOO+-2.3 VOO- VOO+-2.3 VOO- VOO+-2.3 

input voltage, VIC 

Clock input voltage VOO- VOO_+5 VOO- VOO_+5 VOO- VOO-+ 5 
Operating free-air 

-55 125 -40 85 0 70 
temperature, T A 

UNIT 

V 

V 

V 

DC 
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TlC2654M, TlC2654AM 
Advanced linCMOSTM LOW-.NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, VOO ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONst TLC2654AM TLC2654M 
UNIT 

MIN TVP MAX MIN TVP MAX 

Via Input offset voltage 
25°C 4 10 5 20 

IlV 
Full range. 40 50 

Temperature coefficient -55°C to 
0.004 0.3 0.004 0.3 IlV/oc "'via of input offset voltage 125°C 

Input offset voltage 
VIC = 0, RS = 500 25°C 0.003 0.02 0.003 0.06 IlV/mo 

long-term drift (see Note 4) 

110 Input offset current 
25°C 30 30 

Full range 500 500 
pA 

liB Input bias current 
25°C 50 50 

pA 
Full range 500 500 

Common-mode input 
-5 -5 

VICR RS = 500 Full range to to V 
voltage range 

2.7 2.7 

VOM+ 
Maximum positive peak 

RL = 10 kO, See Note 5 
25°C 4.7 4.8 4.7 4.8 

V 
output voltage swing Full range 4.7 4.7 

VOM-
Maximum negative peak 

RL = 10 ka, See Note 5 
25°C -4.7 -4.9 -4.7 -4.9 

output voltage swing Full range -4.7 
V 

-4.7 

AVO 
Large-signal differential 

Vb = ±4V, RL = 10kO 
25°C 135 155 120 155 

voltage amplification Full range 120 120 
dB 

fch 
Internal chopping 

25°C 10 10 kHz 
frequency 

Clamp on-state current RL = 100 kO 
25°C 25 25 

Full range 25 25 !LA 

Clamp off-state current Va = -4Vt04V 
25°C 100 100 

pA 
Full range 100 100 

CMRR 
Common-mode Va - 0, VIC - VICR min, 25°C 110 125 105 125 

rejection ratio RS = 500 Full range 110 105 
dB 

kSVR 
Supply-voltage rejection Voo ± = ±2.3 Vto± 8 V, 25°C 120 125 110 125 

dB 
ratio (~VOO + / ~VIO) Va = 0, RS = 500 Full range 115 105 

100 Supply current Va = 0, No load 
25°C 1.5 2.1 1.5 2.1 

rnA 
Full range 2.2 2.2 

'Full range is - 55°C to 125°C. 
NOTES: 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. 
5. Output clamp is not connected. 
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TLC2654M, TLC2654AM 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

operating characteristics at specified free-air temperature, V DO ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDlTlONSt TLC2654AM 
MIN TYP MAX 

SR+ 
Positive slew rate 

Vo = ±2.3V. 
25·C 1.5 2 

at unity gain Full range 1.1 
Negative slew rate 

RL = 10kn. 
25·C 2.3 3.7 

SR- Cl = 100pF 
at unity gain Full range 1.3 

Vn 
Equivalent input noise f = 10 Hz 25·C 47 
voltage f = I kHz 25·C 13 

VNPP 
Peak-to-peak equivalent f=OtolHz 25·C 0.5 
input noise voltage f=OtolOHz 25·C 1.5 

In Equivalent input noise current f = I kHz 25·C 0.004 

f=IOkHz. 
Gain-bandwidth product RL=IOkn. 25·C 1.9 

CL=IOOpF 

91m Phase margin at unity gain 
RL=IOkn. 

25·C 48· 
Cl=IOOpF 

tFull range is - 55·C to 125·C. 

TEXAS ." 
INSTRUMENlS 

POST OFFICE BOX 655012· DALLAS. TEXAS 75265 

TLC2654M 
MIN TYP MAX 
1.5 2 

1.1 

2.3 3.7 

1.3 

47 

13 

0.5 

1.5 

0.004 

1.9 

48· 

UNIT 

V/J!s 

V/J!s 

nV/VHZ 

J!V 

pAlvHz 

MHz 
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TLC26541, TLC2654AI 
Advanced linCMOSTM LOW-NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

electrical characteristics atspecifiedfree-airtemperature, VOO ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC2654AI TLC26541 

MIN TYP MAX MIN TYP MAX 
UNIT 

VIO Input offset vo~age 
25°C 4 10 5 20 

ltV 
Full range 30 40 

Temperature coefficient - 40°C to 
"VIO of input offset voltage 85°C 

0.004 0.3 0.004 0.3 ItV/oC 

Input offset voltage 
VIC = 0, RS = 50n 25°C 0.003 0.02 0.003 0.06 ItV/mo 

long-term drift (see Note 4) 

110 Input offset current 
25°C 30 30 

Full range 200 200 
pA 

liB Input bias current 
25°C 50 50 

Full range 200 200 
pA 

Common-mode input 
-5 -5 

VICR voltage range 
RS = 50n full range to to V 

2.7 2.7 

VOM+ 
Maximum positive peak 

RL = 10 kn, See Note 5 
25°C 4.7 4.8 4.7 4.8 

V 
output voltage swing Full range 4.7 4.7 

VOM-
Maximum negative peak 

RL = 10 kn, See Note 5 
25°C -4.7 -4.9 -4.7 -4.9 

output voltage swing Full range 
V 

-4.7 -4.7 

AVO 
Large·signal differential 

Vo = ±4V, RL = 10kn 
25°C 135 155 120 155 

dB 
voltage amplification Full range 125 120 

fch 
Internal chopping 

25°C 10 10 kHz 
frequency 

Clamp on-state current RL = 100kn 
25°C 25 25 

itA 
Full range 25 25 

Clamp off·state current Vo = -4Vt04V 
25°C 100 100 

pA 
Ful! range 100 100 

CMRR 
Common-mode Vo - 0, VIC - VICR min, 25°C 110 125 105 125 

rejection ratio RS = 50n Full range 110 105 
dB 

kSVR 
Supply-vo~age rejection VOO ± = ± 2.3 V to ± 8 V, 25°C 120 125 110 125 

dB 
ratio (8 VOO ± / 8 VIO) Vo = 0, RS = 50Q Full range 120 110 

100 Supply current Vo = 0, No load 
25°C 1.5 2.1 1.5 2.1 

mA 
Full range 2.2 2.2 

tFuil range is - 40°C to 85°C. 
NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test atl A = 150°C extrapolated 

to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. Output clamp is not connected. 
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TLC26541, TLC2654AI 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

operating characteristics at specified free-air temperature, Voo ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONst 
TLC2654AI TLC26541 

MIN TYP MAX MIN TYP MAX 
UNIT 

SR+ 
Positive slew rate 25"C 1.5 2 1.5 2 

at unity gain 
Vo = ±2.3 V, 

Full range 1.2 1.2 
V/!!s 

Negative slew rate 
RL = 10kn, 

25"C 2.3 3.7 2.3 3.7 
SR- CL = 100 pF V/!!s 

at unity gain Full range 1.5 1.5 

Vn 
Equivalent input noise I = 10 Hz 25"C 47 75 47 

nV/v'Hz 
voltage (see Note 6) 1= 1 kHz 25"C 13 20 13 

VNPP 
Peak-to-peak equivalent I=Ot01Hz 25"C 0.5 0.5 

input noise voltage 1= Ot010Hz 25"C 1.5 1.5 
!!V 

In Equivalent input noise current I = 1 kHz 25"C 0.004 0.004 pA/v'Hz 

I = 10 kHz, 

Gain-bandwidth product RL = 10 kn, 25"C 1.9 1.9 MHz 

CL=100pF 

~m Phase margin at unity gain 
RL = 10kn, 

25"C 48" 48" 
CL = 100 pF 

tFull range is - 40"C to 85"C. 
NOTE 6: This parameter is tested on a sample basis lor the TLC2654A. For other test requirements, please contact the lactory. This statement 

has no bearing on testing or nontesting 01 other parameters. 
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TLC2654C, TLC2654AC 
Advanced linCMOSTM LOW·NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, V DD ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONst 
TLC2654AC TLC2654C 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIO Input offset voltage 
25'C 4 10 5 20 

).LV 
Full range 24 34 

Temperature coefficient O'Cto 
0.004 0.3 0.004 0.3 ).LV/'C aVIO of input offset vo~age 70'C 

Input offset voltage 
VIC = 0, RS = 500 25'C 0.003 0.02 0.003 0.06 ).LV/mo 

long-term drift (see Note 4) 

110 Input offset current 
25'C 30 30 

pA 
Full range 150 150 

liB Input bias current 
25'C 50 50 

pA 
Full range 150 150 

Common-mode input 
-5 -5 

VICR RS = 500 Full range to to V 
voltage range 

2.7 2.7 

VOM+ 
Maximum positive peak 

RL = 10 ka, See Note 5 
25'C 4.7 4.8 4.7 4.8 

V 
output voltage swing Full range 4.7 4.7 

VOM-
Maximum negative peak 

RL = 10 ka, See Note 5 
25'C -4.7 -4.9 -4.7 -4.9 

V 
output voltage swing Full range -4.7 -4.7 

AVO 
Large-signal differential 

Vo = ±4V, RL = 10ka 
25'C 135 155 120 155 

dB 
voltage amplification Full range 130 120 

fch 
Internal chopping 

25'C 10 10 kHz 
frequency 

Clamp on-state current RL = 100 kO 
25'C 25 25 

).LA 
Full range 25 25 

Clamp off-state current Vo = -4Vt04V 
25'C 100 100 

pA 
Full range 100 100 

CMRR 
Common-mode Vo = 0, VIC = VICR min, 25'C 110 125 105 125 

dB 
rejection ratio RS=500 Full range 110 105 

kSVR 
Supply-voltage rejection VOO± = ±2.3Vto±8V, 25'C 120 125 110 125 

dB 
ratio (aVOO ± / aVIO) Vo = 0, RS = 500 Full range 120 110 

100 Supply current Vo = 0, No load 
25'C 1.5 2.1 1.5 2.1 

mA 
Full range 2.2 2.2 

tFull range is O'C to 70'C. 
NOTES: 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. 
5. Output clamp is not connected. 

2-818 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



TLC2654C, TLC2654AC 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

operating characteristics at specified free-air temperature, Vee ± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TLC2654AC TLC2654C 

MIN TYP MAX MIN TYP MAX 
UNIT 

SR+ 
Positive slew rate 25°C t.5 2 1.5 2 

at unity gain 
Vo = ±2.3 V, V/l!s 

RL = 10 kg, 
Full range 1.3 1.3 

Negative slew rate 25°C 2.3 3.7 2.3 3.7 
SR-

at unity gain 
CL = 100 pF V/l!s 

Full range 1.7 1.7 

Vn 
Equivalent input noise I = 10 Hz 25°C 47 75 47 

nV/v'Hz 
voltage (see Note 6) 1= 1 kHz 25°C 13 20 13 

VNPP 
Peak-to-peak equivalent I=OtolHz 25°C 0.5 0.5 

I!V input noise voltage I=Otol0Hz 25°C 1.5 1.5 

In Equivalent input noise current 1= 1 kHz 25°C 0.004 0.004 pA/v'Hz 

1= 10kHz, 
Gain-bandwidth product RL = 10 kg, 25°C 1.9 1.9 MHz 

CL = 100 pF 

~m Phase margin at unity gain 
RL = 10kg, 

25°C 48° 48° 
CL = 100pF 

tFull range is DoC to 70°C. 
NOTE 6: This parameter is tested on a sample basis lor the TLC2654A. For other test requirements, please contact the lactory. This statement 

has no bearing on testing or nontesting 01 other parameters. 
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TlC2654, TlC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

TYPICAL. CHARACTERISTICS 

table of graphs 

Via 
Input offset voltage Distribution 
Normalized input offset voltage vs Chopping frequency 

110 Input offset current 
vs Chopping frequency 
vs Temperature 
vs Common-mode voltage 

liB Input bias current vs Chopping frequency 
vs Temperature 

Clamp current vs Output voltage 

VOM 
Maximum peak output voltage vs Output current 
swing vs Temperature 

VOPP 
Maximum peak-to-peak output voltage 
swing 

vs Frequency 

CMRR Common-mode rejection ratio vs Frequency 

AVO Differential voltage amplification 
vs Frequency 
vs Temperature 

fch Chopping frequency 
vs Supply voltage 
vs Temperature 

100 Supply current 
vs Supply vottage 
vs Temperature 

lOS Short-circuit output current 
vs Supply voltage 
vs Temperature 

SR Slew rate 
vs Supply voltage 
vs Temperature 

Pulse response 
Small-signal 
Large-signal 

VNPP 
Peak-to-peak equivalent input 
noise voltage 

vs Chopping frequency 

Vn Equivalent input noise voltage vs Frequency 
kSVR Supply-voltage rejection ratio vs Frequency 

Gain-bandwidth product 
vs Supply voltage 
vs Temperature 

Phase margin 
vs Supply voltage 
vs Temperature 

~m Phase shift vs Frequency 
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TLC2654, TLC2654A 
Advanced linCMOSTM LOW·NOISE CHOPPER·STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2654, TLC2654A 
Advanced LinCMOST~ LOW-NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPUAERS 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2654, TLC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2654, TLC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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tData at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices . 
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TLC2654, TLC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICSt 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2654,TLC2654A 
Advanced LinCMOSTM LOW-NOISE CKOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICSt 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2654, TLC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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FIGURE 25 

EQUIVALENT INPUT NOISE VOLTAGE 
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FREQUENCY 

Voo ± = ±5 V 
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FIGURE 27 
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TlC2654, TlC2654A 
Advanced linCMOSTM lOW.NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICSt 
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FIGURE 29 
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FIGURE 31 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2654, TLC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

capacitor selection and placement 

Leakage and dielectric absorption are the two important factors to consider when selecting external capacitors 
CXA and CXB. Both factors can cause system degradation negating the performance advantages realized 
by using the TLC2654. 

Degradation from capacitor leakage becomes more apparent with increasing temperatures. Low-leakage 
capacitors and standoffs are recommended for operation at T A = 125°C. In addition, guardbands around the 
capacitor connections on both sides of the printed circuit board are recommended to alleviate problems 
caused by surface leakage on circuit boards. 

Capacitors with high dielectric absorption tend to take several seconds to settle upon application of power, 
which directly affects input offset voltage. In applications needing fast settling of input offset voltage, it is 
recommended that high-quality film capacitors, such as mylar, polystyrene, or polypropylene, be used. In 
other applications, however, a ceramic or other low-grade capacitor may suffice. 

Unlike many choppers available today, the TLC2654 is designed to function with values of CXA and CXB in 
the range of 0.1 IlF to 1 IlF without degradation to input offset voltage or input noise Voltage. These capacitors 
should be located as close as possible to the CXA and CXB pins and returned to either the VOO- pin or the 
C RETURN pin. Note that on many choppers, connecting these capacitors to the VOO- pin causes 
degradation in noise performance, a problem that is eliminated on the TLC2654. 

internal/external clock 

The TLC2654 has an internal clock that sets the chopping frequency to a nominal value of 10kHz. On 8-pin 
packages, the chopping frequency can only be controlled by the internal clock; however, on all 14-pin 
packages and the 20-pin FK package, the device chopping frequency may be set by the internal clock or 
controlled externally by use of the INT/EXT and CLK IN pins. To use the internal 1 O-kHz clock, no connection 
is necessary. If external clocking is desired, connect the INT/EXT pin to VOO- and the external clock to CLK 
IN. The external clock trip point is 2.5 V above the negative rail; however, the CLK IN pin may be driven 
from the negative rail to 5 V above the negative rail. This allows the TLC2654 to be driven directly by 5-V 
TTL and CMOS logic when operating in the single-supply configuration. If this 5-V level is exceeded, damage 
could occur to the device unless the current into the CLK IN pin is limited to ±5 mAo A divide-by-two frequency 
divider interfaces with the CLK IN pin and sets the 
chopping frequency. The chopping frequency 
appears on the CLK OUT pin. 

overload recovery/output clamp 

When large differential input voltage conditions 
are applied to the TLC2654, the nulling loop 
attempts to prevent the output from saturating by 
driving CXA and CXB to internally-clamped 
voltage levels. Once the overdrive condition is 
removed, a period of time is required to allow the 
built-up charge to dissipate. This time period is 
defined as overload recovery time (see Figure 
33). Typical overload recovery time for the 
TLC2654 is significantly faster than competitive 
products; however, if required, this time can be 
reduced further by use of internal clamp circuitry 
accessible through the CLAMP pin. 
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TLC2654, TLC2654A 
Advanced LinCMOSTM LOW-NOISE CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

The clamp is simply a switch that is automatically activated when the output is approximately 1 V from either 
supply rail. When connected to the inverting input (in parallel with the closed-loop feedback resistor), the 
closed-loop gain is reduced and the TLC2654 outpLit is prevented from going into saturation. Since the output 
must source or sink current through the switch (see Figure 8), the maximum output voltage swing is slightly 
reduced. 

thermoelectric effects 

To take advantage of the extremely low offset voltage temperature coefficient of the TLC2654, care must be 
taken to compensate for the thermoelectric effects present when two dissimilar metals are brought into contact 
with each .other (such as device leads being soldered to a printed circuit board). It is not uncommon for 
dissimilar metal junctions to produce thermoelectric voltages in the range of several microvolts per degree 
Celsius (orders of magnitude greater than the O.OI-IlV;oC typical of the TLC2654). 

To help minimize thermoelectric effects, careful attention should be paid to componet selection .and circuit 
board layout. Avoid the use of nonsoldered connections (such as sockets, relays, switches, etc.) in the input 
signal path. Cancel thermoelectric effects by duplicating the number of components and junctions in each 
device input. The use of low-thermoelectric-coefficient components, such as wire-wound resistors, is also 
beneficial. 

latchup avoidance 

Because CMOS devices are susceptible to latch up due to their inherent parasitic thyristors, the TLC2654 
inputs and output are designed to withstand -100-mA surge currents without sustaining latchup; however, 
techniques to reduce the chance of latchup should be used whenever possible. Internal protection diodes 
should not be forward biased in normal operation. Applied input and output voltages 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 using decoupling capacitors (0.1 IlF typical) located 
across the supply rails as close to the device as possible. 

The current path established if latchup occurs is usually between the supply rails and is limited only by the 
impedance of the power supply and the forward resIstance of the parasitic thyristor. The chance of latchup 
occurring increases with increasing temperature and supply voltage. 

electrostatic discharge protection 

The TLC2654 incorporates internal ESD protection circuits that prevent functional failures at voltages at or 
below 2000 V. Care should be exercised in handling these devices as exposure to ESD may result in 
degradation of the device parametric performance. 

theory of operation 

Chopper-stabilized operational amplifiers offer the best dc performance of any monolithic operational amplifier. 
This superior performance is the result of using two operational amplifiers - a main amplifier and a nulling 
amplifier - plus oscillator-controlled logic and two external capacitors to create a system that behaves as a 
Single amplifier. With this approach, the TLC2654 achieves submicrovolt input offset voltage, submicrovolt 
noise voltage, and offset voltage variations with temperature in the nV;oC range. 

The TLC2654 on-chip control logio produces two dominant clock phases - a nulling phase and an amplifying 
phase. The term "chopper-stabilized" derives from the process of switchinQ between these two clcic.k phases. 
Figure 34 shows a simplified block diagram of the TLC2654. Switches A and Bare make-before-break types. 
During the nulling phase, switch A is closed, shorting the nulling amplifier inputs together and allowing the 
nulling amplifier to reduce its own input offset voltage by feeding its output signal back to an inverting input 
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TLC2654, TLC2654A 
Advanced linCMOSTM LOW-NOISE CHOPPER-STABILIZED 

OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

MAIN 

IN + -----.------j 

IN- - ..... --+------j 

A 

FIGURE 34. TLC2654 SIMPLIFIED BLOCK DIAGRAM 

node. Simultaneously, external capacitor CXA stores the nulling potential to allow the offset voltage of the 
amplifier to remain nulled during the amplifying phase. 

During the amplifying phase, switch B is closed, connecting the output of the nulling amplifier to a noninverting 
input of the main amplifier. In this configuration, the input offset voltage of the main amplifier is nulled. Also, 
external capacitor CXBstores the nulling potential to allow the offset voltage of the main amplifier to remain 
nulled during the next nulling phase. 

This continuous chopping process allows offset voltage nulling during variations in time and temperature and 
over the common-mode input voltage range and power supply range. In addition, because the low-frequency 
signal path is through both the null and main amplifiers, extremely high gain is achieved. 

The low-frequency noise of a chopper amplifier depends on the magnitude of the component noise prior to 
chopping and the capability of the circuit to reduce this noise while chopping. The use of the Advanced 
LinCMOS process, with its low-noise analog MOS transistors and patent-pending input stage design, 
significantly reduces the input noise Voltage. 

The primary source of non ideal operation in chopper-stabilized amplifiers is error charge from the switches. 
As charge imbalance accumulates on critical nodes, input offset voltage can increase, especially with 
increaSing chopping frequency. This problem has been significantly reduced in the TLC2654 by use of a 
patent-pending compensation circuit and the Advanced LinCMOS process. 

The TLC2654 incorporates a feed-forward design that ensures continuous frequency response. Essentially, 
the gain magnitude of the nulling amplifier and compensation network crosses unity at the break frequency 
of the main amplifier. As a result, the high-frequency response of the system is the same as the frequency 
response of the main amplifier. This approach also ensures that the slewing characteristics remain the same 
during both the nulling and amplifying phases. 

The primary limitation on ac performance is the chopping frequency. As the input signal frequency approaches 
the chopper's clock frequency, intermodulation (or aliasing) errors result from the mixing of these frequencies. 
To avoid these error signals, the input frequency must be less than half the clock frequency. Most choppers 
available today limit the internal chopping frequency to less than 500 Hz in order to eliminate errors due to 
the charge imbalancing phenomenon mentioned previously. However, to avoid intermodulation errors on a 
500-Hz chopper, the input signal frequency must be limited to less than 250 Hz. The TLC2654 removes this 
restriction on ac performance by using a 1 O-kHz internal clock frequency. This high chopping frequency allows 
amplification of input signals up to 5 kHz without errors due to intermodulation and greatly reduces low­
frequency noise. 
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uA709AM. uA709M. uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

0942, FEBRUARY 1971 REVISED MAY 198B 

• Common-Mode Input Range ... ± 10 V Typical uA709AM, uA709M .•. J OR W PACKAGE 

(TOP VIEW) 
• Designed to be Interchangeable with Fairchild 

IlA709A, IlA709, and IlA709C 

• Maximum Peak-to-Peak Output Voltage 
Swing ... 28-V Typical with 15-V Supplies 

description 

These circuits are general-purpose operational 
amplifiers, each having high-impedance 
differential inputs and a low-impedance output. 
Component matching, inherent with silicon 
monolithic circuit-fabrication techniques, 
produces an amplifier with low-drift and low­
offset characteristics. Provisions are 
incorporated within the circuit whereby external 
components may be used to compensate the 
amplifier for stable operation under various 
feedback or load conditions. These amplifiers are 
particularly useful for applications requIring 
transfer or generation of linear or nonlinear 
functions. 

The uA 709A circuit features improved offset 
characteristics, reduced input-current 
requirements, and lower power dissipation when 
compared to the uA 709 circuit. In addition, 
maximum values of the average temperature 
coefficients of offset voltage and current are 
specified for the uA709A. 

The uA 709AM and uA 709M are characterized 
for operation over the full miiitary temperature 
range of - 55°C to 125°C. The uA 709C is 
characterized for operation from 0 °C to 70°C. 

NC NC 
NC NC 

FREQ COMP B FREQ COMP A 
IN- VCC+ 
IN+ OUT 

VCC- OUT FREQ COMP 

NC NC 

uA709AM. uA709M ... JG PACKAGE 

uA709C ... a. JG. OR P PACKAGE 

(TOP VIEW) 

FREQ COMP B D8 FREQ COMP A 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 OUT FREQ COMP 

uA709AM, uA709M ... U FLAT PACKAGE 

(TOP VIEW) 

NC NC 
FREQ COMP B FREQ COMP A 

IN- VCC+ 
IN+ OUT 

VCC- "'"1.. __ -r- OUT FREQ COMP 

NC - No internal connection 

symbol 

OUTPUT 
FREO 
CaMP 

NONINVER:ttING 
INPUTIN+ + 

OUTPUT 
INVERTING 
INPUT IN- -

FREO FREO 
CaMP CaMP 

A B 

AVAILABLE OPTIONS 

PACKAGE 

TA 
Via MAX 

SMALL OUTLINE CERAMIC CERAMIC DIP PLASTIC DIP FLAT PACK FLAT PACK 
AT 25°C 

(D) (JI (JG) (P) IU) (W) 

O°C 

to 7.5 mV uA709CD - uA709CJG uA709CP - -

70°C 

-55°C 5 mV uA709MJ uA709MJG uA709MU uA709MW 

to - -

125°C 2 mV uA709AMJ uA709AMJG uA709AMU uA709AMW 

The 0 package is available taped and reeled. Add the suffix R to the device type when ordering, (e.g., uA 709CDR) 

Copyright © 1983. Texas Instruments Incorporated 

PI 

PRODUCTION DATA documents conlain informalion 
currant as of publication date. Products conform to 
.pacifications par the terms of Texas Instruments 
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uA709AM, uA709M,uA709C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

schematic 
;--------.----------------~------~--_4~--~---VCC+ 

10 kU 

A 

B-II-----t---f 

INVERTING 
INPUT 

NONINVERTING 
INPUT 

3kU 

3kU 

3.6 kU 

10 kU 

1 kU 

18 kU 

10 kU 

30 kn 

75kU 

OUTPUT 

OUTPUT 
FREQUENCY 

COMPENSATION 

...... ---------< ..... ----------..... -'--- VCC-

Component values shown are nominal. 

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

uA709AM 
uA709C UNIT 

uA709M 

Supply voltage VCC + Isee Note 11 18 18 V 
Supply voltage V cc _ (see Note 1) -18 -18 V 

Differential input voltage (sae Note 2) ±5 ±5 V 

Input voltage (either input, see Notes 1 and 3) ±10 ±10 V 

Duration of output short-circuit (see Note 41 5 5 s 
Continuous total dissipation See Dissipation Rating Table 

Operating free~air temperature range -55 to 125 o to 70 ·C 

Storage temperature range -65 to 150 -65 to 150 ·C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 secondsl J, JG, U, or W package 300 300 ·C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 secondsl 0 or P package 260 ·e 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vce _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 V, whichever is less. 
4. The output may be shorted to ground or either power supply. 
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PACKAGE TA " 25°C 
POWER RATING 

0 300 mW 

J luA709_MI 300 mW 
JG luA709_MI 300 mW 

JG luA709Cl 300mW 

P 300mW 

U 300mW 

uA709AM. uA709M. uA709C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

DISSIPATION RATING TABLE 

DERATING DERATE TA - 70°C TA - 125°C 
FA:CTOR ABOVE TA POWER RATING POWER RATING 

N/A N/A 300mW N/A 

11.0 mW/oC 123°C 300 mW 275 mW 
8.4 mW/oC 114°C 300mW 210mW 

N/A N/A 300 mW N/A 

N/A N/A 300 mW N/A 

5.4 mW/oC 94°C 300 mW 135 mW 

W 300mW 8.0 mW/oC 113°C 300mW 200mW 

electrical characteristics at specified free-air temperature. Vee ± - ± 9 V to ± 15 V (unless otherwise II 
notedl 

TEST CONDITIONS t 
uA709AM uA709M 

PARAMETER 
TYP* TYP* 

UNIT 
MIN MAX MIN MAX 

25°C 0.6 2 1 5 
Via Input offset voltage Va = 0 RS'" 10 kll mV 

Full range 3 6 

Average temperature Va = 0, RS = 50 II Full range 1.8 10 3 

aVIO coefficient of input p.V/oC 

offset voltage Va = 0, RS=10kll Full range 4.8 25 6 

25°C 10 50 50 200 

110 Input offset current Vo = 0 -55°C 40 260 100 500 nA 

125°C 3.5 50 20 200 

Average temperature -55°C to 25°C 0.45 2.8 

aliO coefficient of input Vo = 0 nA/oe 

offset current 25°C to 125°C 0.08 0.5 

25°C 0.1 0.2 0.2 0.5 
liB Input bias current Va = 0 

-55°C 0.3 0.6 0.5 1.5 
p.A 

Common-mode 25°C ±8 ±10 ±8 ±10 
VICR VCC± = ±15 V V 

input voltage range Full range ±8 ±8 

25°C 24 28 24 28 

Maximum peak-ta-peak 
VCC± = ±15 V, RL" 10 kll 

Full range 24 24 
VOPP V 

output voltage swing VCC± = ±15 V, RL = 2 kll 25°C 20 26 20 26 

VCC± = ±15 V, RL" 2 kll Full range 20 20 

AVO Large-signal differential VCC± = ±15 V, RL " 2 kll, 25°C 45 45 
V/mV 

voltage amplification Va = ±10 V Full range 25 70 25 70 

25°C 350 750 150 400 
ri Input resistance kll 

-55°C 85 185 40 100 

ro Output resistance Va = 0, See Note 5 25°C 150 150 II 

Common~mode 25°C 80 110 70 90 
CMRR VIC = VICR min dB 

rejection ratio Full range 80 70 

Power supply sensitivity 25°C 40 100 25 150 
kSVS 

(~VIOI~VCCI 
VCC = ±9Vto ±15V 

Full range 100 150 
pV/v 

25°C 2.5 3.6 2.6 6.5 

ICC Supply current 
VCC± = ±15 V, No load, 

-55°C 2.7 4.5 rnA 
Vo = 0 

125°C 2.1 3 

25°C 75 108 78 165 
VCC± = ±15 V, No load, 

Po Total power dissipation -55°C 81 135 mW 
Va = 0 

125°C 63 90 

t All characteristics are specified under open-loop with zero common-mode input voltage unless otherwise specified. Full range for uA 709AM 
and uA709M is -55°C to 125°C. * All typical values are at V CC ± = ± 1 6 V. 

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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uA709AM, uA709M, uA709C 
GENERAl·PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free·air temperature (unless otherwise noted Vee:t - :t 16 VI 

PARAMETER TEST CONDITIONSt 
uA709C 

UNIT 
MIN TVP MAX 

VIO Input offset voltage ±9Vto ±15V,VO = 0 
25°C 2 7.6 

mV VCC± = 
Full range 10 

110 Input offset current VCC± ±9Vto ±15V,VO = 0 
25°C 100 600 

nA = 
Full range 750 

liB Input bias current ±9 V to ± 15 V. Vo = 0 
25°C 0.3 1.5 

pA VCC± = 
Full range 2 

VICR Common-mode input voltage range 25°C ±S ±10 V 

25°C 24 2S 
Maximum peak-to-peak 

RL'" 10 kll 
Full range 24 

VOPP output voltage swing RL=2k1l 25°C 20 26 
V 

RL'" 2 kll Full range 20 
Large-signal differential 25°C 16 46 

AVO voltage amplification 
RL s 2 kll, Vo = ±10V 

Full range 12 
V/mV 

26°C 50 250 
ri Input resistance 

35 
kO 

Full range 

ro Output resistance Vo = 0, See Note 5 25°C 150 0 
CMRR Common-mode rejection ratio VIC = VICR min 25°C 65 90 dS 

kSVS Supply voltage sensitivity VCC = ±9Vto ±15V 25°C 26 200 pVN 

Po Total power dissipation Vo = 0, No load 25°C SO 200 mW 

t All characteristics are specified under open-loop operation with zero volts common-mode voltage unless otherwise specified. Full range . 
for uA709C is OOC to 70°C. 

NOTE 5: This typical value applies only at fraquencies above a few hundred hertz because of the effects of drift and thermal feedback. 

operating characteristics vee:t - :t 9 V to :t 15 V, T A - 25 °e 

uA70SAM 

PARAMETER TEST CONDITIONS 
uA70SM 
uA709C 

MIN TVP MAX 

tr Rise time I CL = 0 0.3 1 
Overshoot factor 

VI = 20 mY, RL = 2 kO, See Figure 1 I 
6% 30% CL = 100 pF 

PARAMETER MEASUREMENT INFORMATION 

10k!! 

500 i VI 

J ---OV 

~--~~~~~-------fO)OUTPUT 

INPUT VOLTAGE 
WAVEFORM 

INPUT [O+--+~W_ .... 

COMPA 

1.5kO 

FIGURE 1. RISE TIME AND SLEW RATE 

UNIT 

,.s 
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• Short·Clrcult 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 ,.A741M. "A741C 

description 

The uA 7 41 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 potentiometer may be 
connected between the offset null inputs to null 
out the offset voltage as shown in Figure 2. 

The uA741 M is characterized for operation over 
the full military temperature range of - 55 DC 
to 125 DC; the uA741C is characterized for 
operation from 0 DC to 70 DC. 

symbol 

NONINVERTING=t>-
INPUT IN+ + 

OUTPUT 
INVERTING 
INPUT IN- -

uA741M ... L PACKAGE 
(TOP VIEW) 

NC 

IN-

VCC­

OUT 

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

uA741M. uA741C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

0920. NOVEMBER 1970-REVISED NOVEMBER 1988 

uA741M ... J PACKAGE 
(TOP VIEW) 

NC NC 
NC NC 

OFFSET N1 NC 
IN- VCC+ 
IN+ OUT 

VCC- OFFSET N2 

NC NC 

uA741M ... JG PACKAGE 
uA741C ..• D. JG. OR P PACKAGE 

(TOP VIEW) 

OFFSET N1 D8 NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC - 4 5 OFFSET N2 

uA741M ... U FLAT PACKAGE 

(TOP VIEW) 

NC 10 NC 

OFFSET N1 9 NC 
IN- a VCC+ 
IN+ 7 OUT 

VCC- 6 OFFSET N2 

uA741M ... FK PACKAGE 

(TOP VIEW) 

Z 
t;:j 
CIl 

uti:uuu 
zozzz 
3 2 1 20 19 

4 18 

IN - 5 17 

9 1011 1213 

NC-No internal connection 

16 

15 

14 

Copyright @ 1983, Texas Instruments Incorporated 
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uA741M, uA741C 
GENERAL·PURPOSE OPERATIONAL AMPliFIERS 

schematic .. ,:: 
r-----._--~---------._-VCC+ 

INVERTING ----+--t---, 
INPUT IN-

NON INVERTING 
INPUT IN+ 

OUTPUT 

~~--+-~--~----+~-~+--~--VCC-

absolute maximum ratings over operating free·air temperature range (unless otherwise notedl 

uA741M uA741C UNIT 

Supply voltage Vee + (see Note 1) 22 18 V 
Supply voltage Vee _ (see Note 1) -22 -18 V 

Differential input voltage (see Note 2) ±30 ±30 V 
Input voltage any input (see Notes 1 and 3) ±15 ±15 V 

Voltage between either offset null terminal (Nl/N2) and Vee- ±0.5 ±0.5 V 

Duration of output short-.circuit (see Note 4) unlimited unlimited 

Continuous total power dissipation See Dissipation Rating Table 

Operating free~air temperature range -55 to 125 o to 70 °e 
Storage temperature range -65 to 150 -65 to 150 °e 
ease temperature for 60 seconds FK package 260 °e 
Lead tempereture 1,6 mm (1/16 inch) from case for 60 seconds J, JG, or U package 300 . 300 °e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds o or'P package 260 °e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds L package 300 °e 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to ~he inverting input terminal. 
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 uA 741 M only, the unlimited duration of the short-circuit 

applies at (or below) 125°e case temperature or 75°e free-air temperature. 

DISSIPATION RATING TABLE 

TA s 25°C DERATING DERATING TA - 70°C TA - 125°C 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING 

0 500mW 5.8 mW/oe 64°e 464mW N/A 

FK 500 mW 11.0 mW/oe 105°e 500mW 275 mW 

J (uA741M) 500 mW 11.0 mW/oe 105°e 500 mW 275 mW 

JG (uA741M) 500 mW 8.4 mW/oe 90 0 e 500 mW 210mW 

JG (all others) 500mW N/A N/A 500mW N/A 

L 500mW 6.7 mW/oe 75°e 500mW 167 mW 

P 500 mW N/A N/A 500 mW N/A 

U 500 mW 5.4 mW/oe 57°e 432 mW 135 mW 

2-838 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



uA741M, uA741C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. Vcc+ .. 15 V. VCC- .. -15 V 

TEST CONOITIONSt 
uA741M uA741C 

PARAMETER 
TYP MIN 

UNIT 
MIN MAX TYP MAX 

25°C 1 5 1 6 
VIO Input offset voltage Vo = 0 mV 

Full range 6 7.5 

aVIO(adj) 
Offset voltage 

Vo = 0 
adjust range 

25°C ±15 ±15 mV 

25°C 20 200 20 200 
110 Input offset current Vo = 0 nA 

Full range 500 300 

25°C 80 500 80 500 
liB Input bias current Vo = 0 

1500 800 
nA 

Full range 

Common-mode 25°C ±12 ±13 ±12 ±13 
V VICR input voltage range Full range ±12 ±12 

RL = 10 kll 25°C ±12 ±14 ±12 ±14 

Maximum peak RL'" 10 kll Full range ±12 ±12 
VOM V 

output voltage swing RL - 2 kD 25°C ±10 ±13 ±10 ±13 

RL'" 2 kll Full range ±10 ±10 

Large-signal differential RL'" 2 kD 25°C 50 200 20 200 
V/mV AVO 

voltage amplification VO=±10V Full range 25 15 

ri Input resistance 25°C 0.3 2 0.3 2 Mil 

ro Output resistance 
Vo = 0, 

See Note 5 
25°C 75 75 Il 

Ci Input capacitance 25°C 1.4 1.4 pF 

CMRR 
Common-mode 

VIC = VICR min 
25°C 70 90 70 90 

dB 
rejection ratio Full range 70 70 

Supply voltage sensitivity VCC = ±9 V 25°C 30 150 30 150 
kSVS 

(aVIO/aVcC) to ± 15 V Full range 150 150 
~V/V 

Short-circuit 
±40 ±40 lOS 25°C ±25 ±25 mA 

output current 

25°C 1.7 2.8 1.7 2.8 
ICC Supply current No load, Vo = 0 mA 

Full range 3.3 3.3 

Po Total power dissipation 
25°C 50 85 50 85 

mW No load, Vo = 0 
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 uA741M is -55°C to 125°C and for uA741C is ooC to 70°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. VCC- .. -15 V. TA '" 25°C 

PARAMETER TEST CONDITIONS 
MIN 

uA741M 

TYP MAX 

uA741C 

MIN TYP MAX 
UNIT 

tr Rise time VI = 20 mV, RL = 2 kll, 0.3 0.3 ~s 

Overshoot factor CL = 100 pF, See Figure 1 5% 5% 

SR Slew rate at unity gain 
VI - 10 V, 

CL = 100 pF, 

RL - 2 kll, 
0.5 

See Figure 1 
0.5 Vips 

fI 
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uA741M, uA741C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

II 

2-840 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFORM 

CL - 100 pF 

TEST CIRCUIT 

t----to) OUTPUT 

FIGURE 1. RISE TIME. OVERSHOOT. AND SLEW RATE 

TYPICAL APPLICATION DATA 

TO VCC-

FIGURE 2. INPUT OFFSET VOLTAGE NULL CIRCUIT 
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uA741M. uA741C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 
400 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

VCC+=15V Vcc+= 15V 
I-VCC_ = -15 V 

\ 
\ 
\ 
1\ .-uA741C r+l , 

I 

'\ I 

.......... I 
I"'--.. I 

-40 o 40 80 120 

~ 300 
.!. 
" e! 
;; 
u 
:lI 200 
iii ... 
::J 
C. 
c 

'1 100 

o 

-VCC_=-15V 

\ 
1\ if-uA741C H 

I 

1\ 
I 
I 

'\ I 

" 
I 
I 

r-.... I 

......... .: 
-40 o 40 80 

TA-Free-Air Temperature-OC T A-Free-Air Temperature-OC 

FIGURE 3 
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MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

LOAD RESISTANCE 

VCC~= ~5V -..... 1--
VCC- = -15 V V _ TA = 25°C 
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FIGURE 4 
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uA741M, uA741C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

±20 

::r ±18 
II> 

l ±16 
0 

~ ±14 

" Q. 

; ±12 
0 
i ±10 
II> a. 
E ±8 

" E ±6 OJ( .. 
:iii: 
I ±4 
:iii: 
0 ±2 
> 

0 

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

FREQUENCY 

Vee+= 15V 
Vec-= -15V 
RL = 10kn 
TA=25°e 

\ 

\ 
\ 

\ 

i'. 

> 
~ 400 

I: 

og 200 
~ 
~ 
ii 
E 100 « 
" ! 
~ 40 
'ii 
.~ 

f 
£ 20 

9 a 
10 

vs 
SUPPLY VOLTAGE 

f- V~ = ~10 ~ 
RL=2kn V 

..,.,. 
f-TA = 25°e 

V /' 
./ 

/ 

~ 

1 k 10k 100k 1M ~ o 2 4 6 8 10 12 14 16 18 20 

f-Frequency-Hz I Vee± I-Supply Voltage-V 

FIGURE 6 FIGURE 7 

OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

107 
I: 

oS! 
10 106 
u 
~ 
ii 105 
E « 
II> 104 
'" :J 
~ 103 
'ii 
o~ 102 

! 101 
a 
I 
a 1 

~ 
10-1 

~ 

1 

vs 
FREOUENCY 

Vee+ = 15 V 
Vee_=-15V-
Vo = ±10 V 

'" 
RL = 2 kn -
TA=25°e 

~ 
~ ." '" 1\ 

100 10 k 1M 10M 
f-Frequency-Hz 

FIGURE 8 
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uA741M. uA741C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

COMMON·MODE REJECTION RATIO 
vs 

FREQUENCY 

VCC+=15V 

'\ VCC- = -15 V 
RS=10kf! , 
TA = 25°C 

\ 

\ 
i\ 

28 

24 

~ 16 
I .. 
3' 20 

~ ... 12 
::J 
c. 
<;; 8 

OUTPUT VOLTAGE 
vs 

ELAPSED TIME 

90%1 -
Ii 

7: 
VCC+= 15V 

'\ 
I I VCC_=-15V_ 

10% ~ 
9 
~ 4 

100 10 k 1 M 

f-Frequency-Hz 

FIGURE 9 
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::J 
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't:I -2 
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I RL = 2 kf! I 

i~ 
CL = 100 pF 

tr TA = 25°C 
o 

-4 
100M o 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

VCC+= 15V 
VCC-= -15 V 

- i 1\ 
RL = 2 kf! 

IOUTPUT 
,\ CL = 100pF 

I TA = 25°C 

/ I \ 
/ I~PUTl \ 

I 
\ I 
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t-Time-j.ls 

FIGURE 10 
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uA747M, uA747C 
DUAL GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

• No Frequency Compensetion Required 

• Low Power Consumption 

• Short·Circuit Protection 

• Offset·Voltaga Null Capability 

• Wide Common·Mode and Differential 
Voltage Ranges 

• No Latch·Up 

• Designed to be Interchangeable with 
Fairchild ",A747M and 1oIA747C 

description 

The uA747 is a dual general-purpose operational 
amplifier featuring offset-voltage null capability. 
Each half is electrically similar to uA741. 

The high common-mode input voltage range and 
the absence of latch-up make this 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 uA 7 4 7M is characterized for operation over 
the full military temperature range of - 55°C 
to 125°C; the uA747C is characterized for 
operation from O°C to 70°C. 

symbol leach amplifier) 

NON INVERTING =Yr 
INPUT IN + OUTPUT 

INVERTING _ 

INPUT IN-

N1 N2 

D. J. OR N PACKAGE 
OR W FLAT PACKAGE 

(TOP VIEW) 

)N- OFFSET 1 N1 
)N+ 1 VCC+ t 

OFFSET 1N2 OUT 

VCC- NC 
OFFSET 2N2 OUT 

)N+ 2 VCC+ t 
IN- OFFSET 2N1 

uA747M ... FK PACKAGE 

(TOP VIEW) 

OFFSET 1N2 4 

NC 5 

VCC- 6 
NC 7 

OFFSET 2N2 8 

3 2 1 20 19 

9 1011 12 13 

+IU-+­
Z Z Z Z + 
- - N U 

I- U 
~> 
U.N 
U. 
o 

NC - No internal connection 

18 

17 

16 NC 
15 NC 
14 OUT 

tThe two positive supply te,minals (1 Vee + and 2 Vee +) are 
connected together internally. 

Copyright @ 1983, Texas Instruments Incorporated 
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uA747M, uA747C 
DUAL GENERAL,PURPOSE OPERATIONAL AMPLIFIERS 

schematic (each amplifier) 

r-------------~------._------------~---VCC+ 

INVERTING 
INPUT UN-I 

NON INVERTING 
INPUT (IN+ll 

OFFSET NULL --+t------1-----h 
(N21 

OFFSET NULL 
INll 

OUTPUT 

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

uA747M uA747C UNIT 

Supply voltage, VCC + (see Note 1) 22 18 V 

Supply voltage, Vee _ (see Note 1) -22 -18 V 

Differential input voltage (see Note 2) ±30 ±30 V 

Input voltage any input (see Notes 1 and 3) ±15 ±15 V 

Voltage between any offset null terminal (Nl/N2) and Vee- ±0.5 ±0.5 V 

Duration of output short-circuit (see Note 4) unlimited unlimi~ed 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 o to 70 °e 
Storage temperature range -65 to 150 -65 to 150 °e 
ease temperature for 60 seconds I FK package 260 °e 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I J or W package 300 300 °e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I 0 or N package 260 °e 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA747M only, the unlimited duration of the short-circuit 

applies at (or below) 125°e case temperature or 75°e free-air temperature. 

PACKAGE 

o 
FK 

J (uA747M) 

J (uA747C) 

N 

W 

TA s 25°C 

POWER RATING 

800mW 

800mW 

800mW 

BOOmW 

BOOmW 

BOOmW 

DISSIPATION RATING TA8LE 

DERATING DERATE 

FACTOR ABOVE TA 

7.6 mW/oe 45°C 

11.0 mW/oC 77°C 

11.0 mW/oC 77°C 

B.2 mW/oC 52°e 

9.2 mW/oC 63°C 
B.O mW/oC 50°C 

TA - 70°C 
POWER RATING 

608mW 

800mW 

800mW 

656 mW 

736 mW 

640mW 

TA - 125°C 
POWER RATING 

275 mW 

275 mW 
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uA747M, uA747C 
DUAL GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free·air temperature. VCC+ - 15 V. VCC- - -15 V 

PARAMETER TEST CONOITIONst 
uA747M uA747C 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 6 
Via Input offset voltage Va = OV mV 

Full range 6 7.5 

aVIO(adj) 
Offset voltage 

25°C 
adjust range 

±15 ±15 mV 

25°C 20 200 20 200 
110 Input offset current 

500 300 
nA 

Full range 

25°C 80 500 80 500 
liB Input bias current nA 

Full range 1500 800 

Common-mode 25°C ±12 ±13 ±12 ±13 
VICR V 

input voltage range Full range ±12 ±12 

RL = 10 kll 25°C 24 2B 24 28 

Maximum peak-ta-peak RL" 10 kll Full range 24 24 
V VOpp 

output voltage swing RL = 2 kll 25°C 20 26 20 26 

RL" 2 kll Full range 20 20 

Large·signal differential RL" 2 kll, 25°C 50 200 25 200 
AVO 

voltage amplification VO=±10V Full range 25 15 
V/mV 

ri Input resistance 25°C 0.3 2 0.3 2 Mil 

ro Output resistance See Note 6 25°C 75 75 Il 

Ci Input capacitance 25°C 1.4 1.4 pF 

Common-mode 25°C 70 90 70 90 
dB CMRR VIC = VICR 

rejection ratio Full range 70 70 

Supply voltage 25°C 30 150 30 150 
kSVS sensitivity VCC = ±9Vto ±15V pVIV 

(aVIO/avCC) Full range 150 150 

Short-circuit 
lOS 25°C ±25 ±40 ±25 ±40 mA 

output current 

Supply current 25°C 1.7 2.8 1.7 2.8 
ICC No load 

3.3 3.3 
mA 

(each amplifier) Full range 

Power dissipation No load 25°C 50 85 50 85 
Po mW 

(each amplifier) Va = 0 V Full range 100 100 

Vol IV02 Channel separation 25°C 120 0 120 dB 

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range 
for uA747M is -55°C to 125°C and for uA747C is ooC to 70°C. 

NOTE 6: 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. VCC- - -15 V. TA = 25°C 

PARAMETER TEST CONOITIONS 
uA747M uA747C 

UNIT 
MIN TYP MAX MIN TYP MAX 

tr Rise time VI = 20 mV, RL = 2 kll 0.3 0.3 ~s 

Overshoot factor CL = 100 pF, See Figure 1 5% 5% 

SR Slew rate at unity gain 
VI - 10V, RL - 2 kll, 

0.5 0.5 V/~s 
CL = 100 pF, See Figure 1 
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uA741M, ilA74lC 
DUAL GENERAl·PURPOSE OPERATIONAL AMPLIFIERS 
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PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFORM 

INPUT 

TEST CIRCUIT 

>--.... ..--fo) OUTPUT 

RL = 2 kU 

FIGURE 1. RISE TIME. OVERSHOOT. AND SLEW RATE 

TYPICAL APPLICATION DATA 

TO VCC-

FIGURE 2. INPUT OFFSET VOLTAGE NULL CIRCUIT 

TYPICAL CHARACTERISTICS 

INPUT OFFSET CURRENT 
vs 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

I I _1_ 
VCC+= 15V ._ 
VCC- = -15 V 

1\ !+-uA747C ~ 
I 
I 

'\ I 
I 

.......... 
........... 

I 
I 

400 

~ 300 

~ 
c 
~ 
:; 
(,) 

~ 200 
iii .. 
" a. 
c 

~ 100 

o 

FREE-AIR TEMPERATURE 

_Ill 
vcc+= 15V 
VCC-= -15 V 

I 

\ 
\ !+-uA747C ~ 

\ I 

l\. I 

"\. 
~ 

I 
I 

'" i'-. I 
I -

-60 -40 -20 0 20 40 60 80 100 120 140 -60 -40 -20 0 20 40 60 80 100 120 140 

TA-Free-Air Temperature-OC T A-Free-Air Temperature-°c 

FIGURE 3 FIGURE 4 
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uA747M, uA747C 
DUAL GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE OUTPUT VOLTAGE 
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LOAD RESISTANCE 
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FIGURE 5 
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vs 
FREQUENCY 
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FIGURE 6 
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uA747M, uA747C 
DUAL GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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• Frequency and Transient Response 
Characteristics Adjustable 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

• Wide Common-Mode and Differential 
Voltage Ranges 

• Low Power Consumption 

• No Latch-Up 

• Same Pin Assignments as uA 709 

description 

The uA 748 is a general-purpose operational 
amplifier that offers the same advantages and 
attractive features as the uA 7 41 except for 
internal compensation. External compensation 
can be as simple as a 30-pF capacitor for unity­
gain conditions and, when the closed-loop gain 
is greater than one, can be changed to obtain 
wider bandwidth or higher slew rate. This circuit 
features high gain, large differential and 
common-mode input voltage range, and output 
short-circuit protection. Input offset voltage 
adjustment can be provided by connecting a 
variable resistor between the offset null pins as 
shown in Figure 12 

The uA748M is characterized for operation over 
the full military temperature range of - 55°C 
to 125°C; the uA748C is characterized for 
operation from OOC to 70°C. 

uA748M, uA748C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

symbol 

uA748M ... JG PACKAGE 
uA748C ... D. JG, OR P PACKAGE 

(TOP VIEWI 

N1/COMP[j8 COMP 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC- 4 5 N2 

uA748M ... U FLAT PACKAGE 

(TOP VIEWI 

NC NC 
N1/COMP COMP 

IN- VCC+ 
IN+ OUT 

VCC- N2 

NC-No internal connection 

COMP 
N1/COMP 

N2 

NON INVERTING 
INPUT IN+ 

INVERTING 
INPUT IN-

OUTPUT 

1988 
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uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLlFIEeS 

schematic 
COMP INVERTING _______ -, 

INPUT IN- ~---+-.,..--t---+--<p--t---------<t-- VCC+ 

NON INVERTING 

INPUT IN+ 

OFFSET 
NULL 

N2 

OFFSET 
NULL Nl/COMP 

Resistor values shown are nominal. 

34.!l 

OUTPUT 

34.!l 

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

uA748M uA748C UNIT 

Supply voltage VCC + (see Note 1) 22 18 V 
Supply voltage VCC _ (see Note 1) -22 -18 V 
Differential input voltage (see Note 2) ±30 ±30 V 
Input voltage (either input, ·see Notes 1 and 3) ±15 ±15 V 

Voltage between either offset null terminal (Nl/N2) and VCC- -0.5 to 2 -0.5 to 2 V 
Duration of output short-circuit (see Note 4) unlimited unlimited 
Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 o to 70 °C 
Storage temperature range -65 to 150 -65 to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds I JG or U package 300 300 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I D or P package 260 °C 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between VCC + and VCC _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltaga or 15 V, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA 748M only, the unlimited duration olthe short-circuit 

applies at (or below) 125°C case temperature or 75°C free-air temperature. 

PACKAGE 
TA s 25°C DERATING DERATE TA - 70°C TA - 126°C 

POWER RATING FACTOR A80VE TA POWER RATING POWER RATING 
D 500mW 5.8 mW/oC 64°C 464mW N/A 

JG (uA748M) 500mW 8.4 mW/oC 90°C 500 mW 210mW 
JG 500mW N/A N/A 500mW N/A 

P 500 mW N/A N/A 500mW N/A 
U 500 mW 5.4 mW/oC 57°C 432 mW 135mW 

2-852 TEXAS ." 
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uA748M. uA748C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature. V CC + - 15 V. V cc _ - - 1 5 V. 
CC-30pF 

PARAMETER TEST CONDITIONS t uA74BM uA74BC 

MIN TVP MAX MIN TVP MAX 
UNIT 

25°C 1 5 1 6 
VIO Input offset voltage Vo = 0 mV 

Full range 6 7.5 

Input offset current Vo = 0 
25°C 20 200 20 200 

110 nA 
Full range 500 300 

Input bias current Vo = 0 
25°C BO 500 80 500 

nA liB 
Full range 1500 800 

Common-mode 25°C ±12 ±13 ±12 ±13 
VICR V 

input voltage range Full range ±12 ±12 

RL = 10 kO 25°C ±12 ±14 ±12 ±14 

Maximum peak RL ;,: 10 kO Full range ±12 ±12 
VOM V 

output voltage swing RL=2kO 25°C ±10 ±13 ±10 ±13 

RL ;,: 2 kO Full range ±10 ±10 

Large-signal differential RL ;,: 2 kO, 25°C 50 200 20 200 
AVO voltage amplification Vo = ±10V Full range 25 15 

VlmV 

ri Input resistance 25°C 0.3 2 0.3 2 MO 

ro Output resistance 
Vo = 0, 

See Note 5 
25°C 75 75 0 

Ci Input capacitance 25°C 1.4 1.4 pF 

CMRR 
Common-mode VIC = VICR min, 25°C 70 90 70 90 

dB 
rejection ratio Vo = 0 Full range 70 70 

Supply voltage VCC = ±9Vto ±15V, 25°C 30 150 30 150 
kSVS sensitivity "V/v 

(.o.VIO/.o.VCC) Vo = 0 Full range 150 150 

lOS 
Short-circuit 

25°C ±25 ±40 ±25 ±40 mA 
output current 

No load, 25°C 1.7 2.B 1.7 2.8 
ICC Supply current mA 

Vo = 0 Full range 3.3 3.3 
Total power No load, 25°C 50 B5 50 B5 

Po mW 
dissipation Vo = 0 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 uA748M is -55°C to 125°C and for uA74BC is O°C to 70°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. VCC- - -15 V. TA - 25°C 

PARAMETER TEST CONDITIONS 
uA74BM uA74BC 

UNIT 
MIN TVP MAX MIN TVP MAX 

tr Rise time VI = 20 mV, RL=2kO, 0.3 0.3 p.S 
CL = 100 pF, Cc = 30 pF, 

Overshoot factor See Figure 1 5% 5% 

VI = 10V, RL=2kO, 

SR Slew rate at unity gain CL = 100 pF, Cc = 30 pF, 0.5 0.5 VI"s 
See Figure 1 

II 
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uA748M, uA748C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 
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PARAMETER MEASUREMENT INFORMATION 
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INPUT VOLTAGE 

WAVEFORM 

INPUT 

OUTPUT 

CC-30pF 

TEST CIRCUIT 

FIGURE 1. RISE TIME. OVERSHOOT. AND SLEW RATE 

TYPICAL CHARACTERISTICS 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

I I I 400 

VCC+= 15 V _ 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

I II 
VCC+= 15V 
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uA748M, uA748C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

±14 

MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

LOAD RESISTANCE 

Vcc+= 15 V _f-" > ±13 I 
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uA748M; uA748C 
GENERAL·PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL APPLICATION DATA 

Vcc-
r; - 400 MO, 

C; - 1 pF, 
'0 < 0, 

BW - 1 MHz 

FIGURE 11. UNITY-GAIN VOLTAGE FOLLOWER 

R2 

VCC+ 

COMP Nl 

Vo 

i 
N2 

Rl - 30 pF 
CC" Rl + R2 

Rl - R2 
R3--­

Rl + R2 

FIGURE 12, INVERTING CIRCUIT WITH ADJUSTABLE GAIN 
COMPENSATION. AND OFFSET ADJUSTMENT 
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• Fast Response Times 

• Strobe Capability 

• Designed to be Interchangeable with 
National Semiconductor LM 111. LM211. 
and LM311 

• Maximum Input Bias Current , , , 300 nA 

• Maximum Input Offset Current ... 70 nA 

• Can Operate from Single 5-V Supply 

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 voltage, 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 mAo All 
inputs and outputs can be isolated from system 
ground. The outputs can drive loads referenced 
to ground, Vee + or Vee _. Offset balancing 
and strobe capability 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 De to 125 De. The 
LM211 is characterized for operation from 
-25 D C to 85 D C, and the LM311 is 
characterized for operation from 0 De to 70 De. 

functional block diagram 

BALANCE 

BAUSTRB 

NONINVERTING ----i 
INPUT IN+ 

INVERTING ----a 
INPUT IN-

COL OUT 

EMIT OUT 

LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

01312, SEPTEMBER 1973-REVISEO MARCH 1988 

LM1 1 1 .. , J PACKAGE 

(TOP VIEW) 

NC NC 
EMIT OUT NC 

IN+ NC 
IN- VCC+ 

NC NC 

VCC- COL OUT 
BALANCE BAL/STRB 

LM1 1 1 ... JG PACKAGE 
LM21 1. LM311 ... D. JG. OR P PACKAGE 

(TOP VIEW) 

EMIT OUT DB vcc+ 
IN+ 2 7 COL OUT 
IN - 3 6 BALlSTRB 

VCC- 4 5 BALANCE 

LM1 1 1 ... U FLAT PACKAGE 

(TOP VIEW) 

EMIT OUT VCC+ 
IN+ COL OUT 
IN- NC 

NC BALlSTRB 

VCC- BALANCE 

LM111 ... FK CHIP CARRIER PACKAGE 

(TOPVIEWI 

3 2 1 2019 

NC 4 18 

IN+ 5 17 

NC 6 16 

IN- 7 15 

NC B 14 

910111213 

NC-No internal connection 

NC 
COL OUT 
NC 
BALlSTRB 
NC 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

AVAILABLE OPTIONS 

OPERATING VIO MAX PACKAGE 

TEMPERATURE AT D SMALL FK CERAMIC J CERAMIC JG CERAMIC P PLASTIC U 

RANGE TA - 2S·C OUTLINE CHIP CARRIER DIP DIP 

-55·C to 125°C 3 mV LMlllFK LMlllJ 

-40·C to 85·C 3 mV LM211D LM211JG 

O°C to 70·C 7.5 mV LM311D LM311JG 

The D package is available in tape and reel. Add an R suffix when ordering, e.g., LM311 DR. 

schematic 

B/S BAL 

300 300 

r-+-~~~----~-'--'------'----~----------~--~----VCC+ 

COUT 

4 

'--+------<~E OUT 
~--------.---------.---.---+---~--~-------+------~VCC-

Resistor values shown are nominal and in ohms . 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 665012 • DALLAS, TEXAS 75265 

DIP FLATPACK 

LMlllU 

LM211P 

LM311P 

BAL Balance 
BIS BalancelStrobe 
COUT Collector Output 
EOUT Emitter Output 
IN+ Noninverting Input 
IN- Inverting Input 
NC No Internal Connection 

VCC+ Positive Supply Voltage 

VCC- Negative Supply Voltage 



LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

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

LM111 LM211 LM311 UNIT 

Supply voltage, Vee + (see Note 1) lB lB lB V 

Supply voltage, Vee _ (see Note 1) -lB -lB -18 V 

Differential input voltage (see Note 2) ±30 ±30 ±30 V 

Input voltage (either input, see Notes 1 and 3) ±15 ±15 ±15 V 

Voltage from emitter output to Vee- 30 30 30 V 

Voltage from collector output to Vee- 50 50 40 V 

Duration of output short-circuit Isee Note 4) 10 10 10 s 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 -25 to 85 o to 70 °e 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 °e 

Case temperature for 60 seconds: FK Package 260 °e 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: 
300 

J, JG, or U package' 
300 300 °e 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: 
260 260 °e o or P package 

DISSIPATION RATING TABLE 

PACKAGE 
TA '" 25·C DERATING DERATE TA - 70·C TA - B5·C TA - 125·C 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 

D 500 mW 5.B mw/oe 64°C 464 mW 377 mW 

FK 500mW 11.0 mw/oe 105°C 500 mW 500 mW 275 mW 

J (LMlll) 500mW 11.0 mw/oe 105°C 500 mW 500 mW 275 mW 

J 500mW B.2 mW/oe B9°e 500 mW 500 mW 

JG (LMlll) 500mW 8.4 mw/oe 90°C 500 mW 500 mW 210mW 

JG 500 mW 6.6 mw/oe 74°C 500 mW 429 mW 

P 500 mW 8.0 mw/oe BBoe 500 mW 500 mW 

U 500 mW 5.4 mw/oe 57°C 432 mW 351 mW 135 mW 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or ± 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. 
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LM11', LM2", lM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics atspecifi~d free-air temperature. Vee ± .. ± 15 V (unless otherwise noted) 

PARAMETER TEST CONOITIONS t 
LMll1. LM211 LM311 

UNIT 
MIN TYP* MAX MIN TYP* MAX 

25'C 0.7 3 2 7.5 
VIO Input offset voltage See Note 5 mV 

Full range 4 10 

25'C 4 10 6 50 
110 Input offset current See Note 5 nA 

Full range 20 70 

Input bias current 
25'C 75 100 100 250 

liB Vo = 1 V to 14 V nA 
Full range 150 300 

Low-level 

IILISI strobe current Vlstrobel = 0.3 V. VIO:S -10 mV 25'C -3 -3 rnA 

Isee Note 61 

Common-mode 13 13.8 13 13.8 

VICR input voltage Full range to to to to V 

range -14.5 -14.7 -14.5 -14.7 

AVO 
Large-signal differential 

Vo = 5 V to 35 V. RL = 1 kO 25'C 40 200 40 200 V/mV 
voltage amplification 

Istrobe - -3 rnA. 25'C 0.2 10 nA 

10H 
High-level Icollectorl 

VIO = 5 mY. VOH = 35 V Full range 0.5 p.A 
output current 

VIO = 5 mY. VOH = 35 V 25'C 0.2 50 nA 

VID = -5 mV 25'C 0.75 1.5 

Low-level Icollector-
10L = 50 rnA 

VIO = -10 mV 25'C 0.75 1.5 

VOL to-emitterl VCC+ = 4.5 V. VIO = -6 mV Full range 0.23 0.4 V 

output voltage VCC- = O. 
IOL=8mA VIO = -10 mV Full range 0.23 0.4 

ICC+ 
Supply current from 

VIO = -10 mY. No load 25'C 
VCC +. output low 

5.1 6 5.1 7.5 rnA 

ICC-
Supply current from 

VIO = 10 mY. No load 25'C 
V CC _. output high 

-4.1 -5 -4.1 -5 rnA 

tUnless otherwise noted. all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded. 
Full range for LM111 is -55'Cto 125'C. for LM211 is -25'Cto 85'e. and for LM311 isO'et070'e. 

*AII typical values are at TA = 25'e . 
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 pull-up resistor of 7.5 kll to Vee +. Thus 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 to - 5 mAo e.g .• see Figures 13 and 27. 

switching characteristics. Vee + 15 V. Vee- .. -15 V. TA 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Response time. low-to-high-Ievel output 
Re = 500 Il to 5 V. eL = 5 pF. See Note 7 

115 

Response time, high-to-Iow-Ievel output 165 

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. 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 

\ \ VCC± = ±15 V 

\ \ Vo = 1 V to 14 V 
See Note 8 

'\ "- I 
LM111 ~311 
LM211 t """ 

" It 
CO~DITION 7t " "'- VCONDITION 2 

~ ~ - '" L~1~ r-.-.. LM311 ......... 
i'--

-LM211 t -----I-
._( ., 

o 
-60 -20 0 20 60 100 140 

TA-Free-Air Temperature- °C 

FIGURE 1 

VOLTAGE TRANSFER CHARACTERISTICS 

60 
VCC±=±15V 
TA = 25°C 

50 

40 

EMITTER OUTPUT 

30 t--RL = 6000 

20 

10 

o 
-1 

'" I\. 

-0.5 

"\ 

) 

LM~ 11 
LM211 

f 
.,. 

LJ311 

r "cOLLE1TOR 

II 
OUTPUT 

RL - 1 kO 

'" ~ 
o 0.5 

V,D-Differentia' Input Voltage-mV 

FIGURE 3 
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500 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

VCC± = ±15 V 
450 

400 

L~3111- r-VO - 1 Vto 14V 

-L~11~ ~ See Note 8 

LM211 t ....... 
350 

300 

250 

200 

150 

100 

50 

o 
-60 

t'.... 
........... ~ 

i'--r-.... / r CONDITION 2 

........... r-..... 
CONDITION 1 - -r-171 

LM31~ .I \ 
LM111 --* r-
LM,211~ 

-20 0 20 60 100 120 

TA-Free-Air Temperature-oC 

FIGURE 2 

VCC+= 30 V +V= 50V (LM111, LM2111 
40 V (LM3111 

1 kn 

____ -+--+-OUTPUT 

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 

Vcc+= 30 V 

---+--4Io--OUTPUT 

600n 

EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 

tOata at high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 
NOTE 8: Condition 1 is with the balance and balance/strobe terminals open. Condition 2 ;s with the balance and balance/strobe terminals 

connected to Vee + . 
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LMlll, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

> 5 
I .. I 4 

~ 3 

i 2 
15 
~ 1 
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TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

t 100 mV 

VCC± - ±15 V 
RC- 5OO ll to5V 
TA - 25°C 

~ 
5mV~ ~ 2mV 

:a i c= 2! 0 .. > = .. 
is a. 

.5 

> 5 
I 
& 4 

~ > 3 

r-jOmi 
1/ 

rJ 
i 2 

~ 

o 
h I 

~ 0 
50 100 150 200 250 300 350 

t-Time-ns 
o 

FIGURE 4 

Vcc+ - 15V 5V 

500 Il 
____ -;--.- Vo 

Vcc- - -15 V 

TEST CIRCUIT FOR FIGURES 4 AND 5 
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1100 mV 

vcc± - ±15 V 
Rc - 500llto5V 
TA - 25°C 

, 
20mV'-' 

I 
5 mV -- -2mV-r-----

I I~ I 
U. 

50 100 150 200 250 300 350 
t-TIme-ns 

FIGURE 5 
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LM111. LM211. LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

! 100 mV VCC± - ±15 V 
RE - 2kOto -15V 
TA - 25 DC 

20mV_ V 1/ /' 

r-~ m~", / / 
! ~ / 

il / 
' ....... 

'-2 mV 

VV 

15 
> 
I 10 

t 
~ 

5 

; 0 

;- -5 o 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

1100 mV 

VCC±-±15V 
RE - 2kOto -15V 
TA - 25 DC , 

~ -2mV 

~ .--5mV . 
\ '\ 

\. " 20mV-~ "-
IV 

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
t-Time-"s 

6 -10 
> 

-15 
'\. "-...... 

o 0.20.40.60.81.0 1.2 1.41.6 1.8. 

t-Time-"s 

FIGURE 6 

VCC+-15V 

Vo 
2 kll 

VCC_--15V 

TEST CIRCUIT FOR FIGURES 6 AND 7 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 
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TYPICAL CHARACTERISTICS 

OUTPUT CURRENT and DISSIPATION 
vs 

SUPPLY CURRENT FROM VCC + 
vs 

160 

140 I---
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100 7 r 
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OUPUT VOLTAGE 
800 

Vcc± - ±15 V 
t :s 10s 700 
VIO - -10 mV 
TA - 25 DC --;:r#/ 
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SUPPLY VOLTAGE VCC+ 

TA - 25 DC 
No Loed 

I 1 
VIO - ~"V V 

,....... 

V ,..... ~ --
/ .-:-:~ 

~ V 
VID - 10 mV 
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5 10 
Yo-Output Voltage-V 

FIGURE 8 

Vcc+ -P08ltlve Supply Voltage-V 

FIGURE 9 
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20kSl 

LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

Vcc+ VCC+ 
20 kSl 1 kSl 

SOUAREWAVE 
OUTPUT 
(Fan out to two 
Series 54 gates 
or equivalent) 

39 kll 

---., 
I 
I 
I 
I L ______ .....J 

FIGURE 11. 100 kHz 
FREE-RUNNING MUL TIVIBRATOR 

FIGURE 12. OFFSET BALANCING 

TTL 
STROBE 

Vcc+ 

Vcc-

20 kSl 

...--+-...... - OUTPUT 

FIGURE 13. STROBING FIGURE 14. ZERO-CROSSING DETECTOR 

+5V 

1 kll 

.."..-!-"_ OUTPUT 
TO TTL 

tResistor values shown are for a O~to~3Q..V logic swing and a 
15·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 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

4.5 kU 

1 kU 

MAGNETIC 
TRANSOUCER 

+5V 

2kU 

..---i-.._ OUTPUT 
TO TTL 

FIGURE 16. DETECTOR FOR MAGNETIC 
TRANSDUCER 

Vcc+ 
1N4001 

'---IIIIII--"'---4~OUTPUT 

TIP30 

FIGURE 18. COMPARATOR AND SOLENOID DRIVER 

Vcc+ 

3.9kU 500 U 

10kU 

+ 

FIGURE 20. LOW-VOLTAGE 
ADJUSTABLE REFERENCE SUPPLY 

OUTPUT 

1.5jtF 

100kU 

Vcc+ 

100 kU 2kU 

100 kHz 10 pF 

.----t--IO~ 
---'-1 ----+--. 

I 
I 

..J 

OUTPUT 

50kU 

FIGURE 17. 100 kHz CRYSTAL OSCILLATOR 

ANALOG 
INPUT 

FROM OIA NETWORK 

Typical input current is 50 pA with inputs strobed off. 

FIGURE 19. STROBING BOTH INPUT AND 
OUTPUT STAGES SIMULTANEOUSLY 

INPUT 

Vcc+= 5 V 

3kU 

Vcc-= -10V 

~-+ ..... _OUTPUT 
TOMOS 

I 
I 

.J 
10 kU 

FIGURE 21. ZERO-CROSSING 
DETECTOR DRIVING MOS LOGIC 
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LM111. LM211. LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

Vcc+= 5 V 
3.9kU 

3Dkut 1 kU 1 kU 

e--M~~------+----IOUTPUT 

t Adjust to set clamp level. 

FIGURE 22. PRECISION SQUARER 

+5V Vcc+= 5 V 

1 kU 

TTL 
~-+""'-OUTPUT 

FIGURE 23. DIGITAL TRANSMISSION ISOLATOR 

INPUT -'VVIr-!--t 

INPUT 
FROM 
TTL 

'"---'--"~OUTPUT 

lMU 

VCC-= -15V 

FIGURE 24. POSITIVE-PEAK DETECTOR 
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LM111, LM211,LM311 
DIFFERENTIAL COMPARATORS ·WITH STROBES 

TYPICAL APPLICATION DATA 

1 MI1 

2kl1 

VCC+=15V 

----, 
I 
I 
I 

I NPUT--'\fV.,-f-L ..... 
I 
I ___ -l + 

Vcc_ = -15 V 

;-r,. 15 
-L p.F 

L-___ ---' 

FIGURE 25. NEGATIVE-PEAK DETECTOR 

Vcc+= 5 V 

3.9 kl1 
1kl1 

OUTPUT 

2N3708 
~-+ ..... ~OUTPUT 

TO TTL 

tR1 sets the comparison level. At comparison. the photoM 

diode has less than 5 mV across it decreasing dark current 
by an order of magnitude . 

FIGURE 26. PRECISION PHOTODIODE COMPARATOR 

Vcc+ 

1 kl1 

+Transient voltage and inductive kickback protection 

FIGURE 27 . RELAY DRIVER WITH STROBE 
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LM111, LM211, LM311 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL APPLICATION DATA 

.----<-----_.-_.-_-vCC+ 

r- ----, 620 

: BIS 1300 n 
~-~I-d __ ~~~~_4~ TlP30 

I 

100kn 

OUTPUT 
100kn 

INPUT~Nv__I__I_--~-d 

47 n TIP29 

L----~~-~-~--VCC_ 

FIGURE 28. SWITCHING POWER AMPLIFIER 

~ ....... -----I--->---~--vcc+ 

620 n 
39kn r-- TlP30 

I 
300 kn I 

15kn 
REFERENCE 

0.22 ~F OUTPUTS 

510 n 

15kn 
INPUT 

510 n 

39kn 

300kn 

FIGURE 29. SWITCHING POWER AMPLIFIERS 
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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 ... 0.8 mA 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 TIL, 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 Vand pin 3 
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. 

AVAILABLE OPTIONS 

PACKAGE 

VIO MAX SMALL CERAMIC PLASTIC 
TA CERAMIC at 25'C OUTLINE (FK) DIP DIP 

(D) (J) (N) 

O'C SmV LM339D - LM339J LM339N 

to 

70'C 2mV LM339AD - LM339AJ LM339AN 

-2S'C SmV LM239D - LM239J LM239N 

to 

8S'C 2mV LM239AD - LM239AJ LM239AN 

-40'C 

to 7mV LM2901lD - LM29011J LM2091IN 

12S'C 
-SS'C SmV - LM139FK LM139J -

to 

12S'C 2mV - LM139AFK LM139AJ -
The D package is available taped and reeled. Add the suffix R to the 
device type when ordering. (e.g., LM339DR) 

LM139, LM239, LM339, LM139A 
LM239A, LM339A, LM2901 

QUADRUPLE DIFFERENTIAL COMPARATORS 
D1979, OCTOBER 1979-REVISED APRIL 1988 

LM139, LM139A ... J PACKAGE 
ALL OTHERS ... 0, J, OR N PACKAGE 

(TOP VIEW) 

OUTCOMP 1 OUTCOMP 3 
OUTCOMP 2 OUT COMP 4 

VCC GND 

COMP jlN-
#2 IN+ 

IN+l COMP 
IN- #4 

COMP jlN-
#1 IN+ 

IN+l COMP 
IN- #3 

LM139, LM139A 
FK CHIP CARRIER PACKAGE 

VCC 4 

NC 5 

21N- 6 

NC 7 

21N+ 8 

(TOP VIEW) 

J-J- J-J­
::J::J ::J::J 
00000 
C\lT"""ZC"')-.:;t 

3 2 1 20 19 

910111213 

I +0 I + 
~~z~~ 

"'''' 
NC - No internal connection 

symbol (each comparator) 

18 GND 
17 NC 
16 41N+ 
15 NC 
14 41N-

NONINVERTING =t>-
INPUT IN+ OUTPUT 

INVERTING 

INPUT IN-

Copyright © 1983, Texas Instruments Incorporated 

II 
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LM139, LM239, LM339, LM139A 
LM239A, LM339A, LM2901 
QUADRUPLE DIFFERENTIAL COMPARATORS 

schematic (each comparator) 

NONINVERTING 

INPUT 

80 J.lA 
CURRENT 

REGULATOR 

VCC 
~-------------.-------(OR 

VCC+) 

OUTPUT 

INVERTING --------t------it------' 
INPUT 

GND 
L----+-------~~~~---(OR 

VCC-) 

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

Supply voltage, VCC (see Note 2) ...................•.•....................... 36 V 
Differential input voltage (see Note 3) ........................•................. ±36 V 
Input voltage range (either input) ....................................... -0.3 V to 36 V 
Output voltage . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . .. 36 V 
Output current ......................................•...............•• " 20 mA 
Duration of output short-circuit to ground (see Note 4) . . . . . . . . . . . . • • . . . . . . . . . . . . . .. unlimited 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range: LM139 •........................•... -55·C to 125·C 

LM239, LM239A . . . . . . . . . . . . . . . . . . . . . . .. -25·C to 85·C 
LM339, LM339A . . . . • . . • . . . . . . . . . . • . . • . . •. O·C to 70·C 
LM2901 ............................ -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 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 

NOTES: 2. All voltage values, except differential voltages. are with respect to the network ground terminal. 
3. Differential voltages are at the noninverting input terminal with respect to the Inverting input. 
4. Short circuits from outputs to VCC can cause excessive heating and eventual destruction. 

DISSIPATION RATING TABLE 

TA s 25'C DERATING DERATE TA = 70'C TA = 86'C TA = 125'C 
PACKAGE 

POWER RATING FACTOR ABOVETA POWER RATING POWER RATING POWER RATING 

D 900mW 7.6mW/'C 31'C 608mW 494mW -
FK 900mW 11.0mW/'C 68'C 880mW 715mW 275mW 

J (LM139, 
LM139A) 900mW 11.0mW/'C 68'C 880mW 715mW 275mW 

J (All others) 900mW 8.2mW/'C 40'C 656rro,W 533mW -
N 900mW 9.2mW/'C 52'C 73SmW 598mW -

3-18 
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electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
LM139 LM139A 

MIN TYP MAX MIN TYP 

VIO Input offset voltage 
VCC - 5 Vto 30 V, 25°C 2 5 1 

VIC = VICR min, Vo = lAV -55°C to 125°C 9 

Input offset current VO=lAV 
25°C 3 25 3 

110 
-55°C to 125°C 100 

liB Input bias current VO=lAV 
25°C -25 -100 -25 

55°C to 125°C 300 

25"C 
Oto Oto 

VICR Common-mode input voltage range 
Vce-lo5 Vee-1.S 

Oto Oto 
-55OC to 125"C 

VCC-2 VCC-2 

AVO 
Large-signal differential voltage VCC± - ±7.5 V, 

25°C 200 50 200 
amplification Vo = -5Vto 5V 

2' 

~i 
~~ 

High-level output current VIO = 1 V 
IVOH =5V 25°C 0.1 0.1 

10H 
IVOH -30V -55°e to 125"C 1 

VOL Low-level output voltage VIO = -1 V, 10L = 4mA 
25°C 150 400 150 

-55OC to 125°C 700 

10L Low-level output current VIO- -1 V, VOL -1.5V 25°C 6 16 6 16 

ICC 
Supply current 

Vo = 2.5 V, No load 25°C 0.8 2 0.8 
(lour comparators) 

t 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 

RL connected to 5 V through 5.1 kil, 

CL = 15 pF,* See Note 4 

loo-mV input step with 5-mV overdrive 1.3 
Response time 

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

TEST CONDITIONSt 
LM239, LM339 LM239A, LM339A LM2901 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input offset VCC ~ 5 V to 30 V, 25°C 2 5 1 2 2 7 
Via mV 

voltage VIC ~ VICR min, VO~1.4V Full range 9 4 15 

Input offset 25°C 5 50 5 50 5 50 
110 VO~1.4V nA 

current Full range 150 150 200 

25°C -25 -250 -25 -250 -25 -250 
liB Input bias current 

Va ~ 1.4V Full range 
nA 

-400 -400 -500 

Oto Oto Oto 

Common-mode 
25°C 

VICR 
VCC- 1.5 VCC-1.5 VCC-1.5 

V input voltage Oto Oto Oto 
range Full range 

VCC-2 VCC-2 VCc-2 

Large-signal VCC -15V, 

AVO differential voltage Va ~ 1.4 Vto 11.4 V, 25°C 50 200 50 200 25 100 V/mV 

amplification RL 2: 15kiltoVCC 

High-level IVOH - 5V 25°C 0.1 50 0.1 50 0.1 50 nA 
IOH output current 

VIO ~ 1 V 
IVOH -30V Full range 1 1 1 I1A 

Low-level 25°C 150 400 150 400 150 500 
VOL VIO ~ -1 V, IOL~4mA 

Full range 
mV 

output voltage 700 700 700 

Low-level 
VIO ~ -1 V, VOL ~ 1.5 V 250C 6 6 IOL 16 16 6 16 mA 

output current 

Supply current Va - 2.5 V, No load 0.8 2 0.8 2 0.8 2 
ICC 25°C mA 

(four comparators) VCC ~ 30 V, Va ~ 15 V, No load 1 2.5 

t Full range (MIN to MAX) for LM239 and LM239Ais -25°C to 85°C, for LM339 and LM339A is O°C to 70°C, and forLM2901 is -40°C to 125'C. All characteristics are measured wtth 
zero common-mode input voltage unless otherwise specified. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX 

RL connected to 5 V through 5.1 kil, 

CL ~ 15 pF,j: See Note 5 

1 ~O-mY input step with 5-mV overdrive 1.3 
Response time 

TTL-level input step 0.3 

j: 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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LM193, LM293, LM393, LM293A, LM393A, LM2903 
DUAL DIFFERENTIAL COMPARATORS 

• 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 
(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 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 2 V to 36 V and pin 8 
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. 

AVAILABLE OPTIONS 

SYMBOLIZATION OPERATING VloMAX 
PACKAGE TEMPERATURE AT 

DEVICE RANGE TA" 25'C SUFFIX 

LM193 L, FK, JG -55'Clo 125'C 5mV 
LM293 D,JG, P -25'C 10 85'C 5mV 

LM293A D,JG, P -25'C 10 85'C 2mV 

LM393 D,JG, P O'C 10 70'C SmV 
LM393A D,JG, P O'Clo 70'C 2mV 
LM2903 D,JG, P -40'Clo 125'C 7mV 

The 0 package IS available in tape and reel. Add an R suffix when 
ordering. (e.g., LM393DR) 

02232, JUNE 197B-REVISED NOVEMBER 1988 

LM193 ... JG PACKAGE 

ALL OTHERS ... D. JG. OR P PACKAGE 

ITOP VIEW) 

COMP # 1 { ?NU~ []' ~ ~3~} COMP # 2 
IN+ 3 6 IN-

GND 4 5 IN+ 

ci 
Z 
II: 
0 
~ 
II: « 
II.. 
:; 
0 
0 

LM193 ... FK PACKAGE 

ITOPVIEW) 

f-

u ~ u tlu 
z~z>z 

3 2 I 20 19 

NC 4 

1 IN- 5 

NC 6 

IN+ 7 

NC 8 

9 10 II 1213 

NC - No internal connection 

18 NC 

17 2 OUT 

16 NC 

15 21N-

14 NC 

LMI93 ... L 
PLUG·IN PACKAGE 

(TOP VIEW) 

VCC 

IN- IN-

GND 

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE. 

symbol (each comparator) 

(') 
0 ;;: 

-: 
:II 

!i 
0 
:II 
Z 
P ... 

NONINVERTING=C>­
INPUT IN+ 

OUTPUT 
INVERTING 
INPUT IN-

PRODUCTION DATA do.umanll .ontain information 
current I •• f publication data. PraductB conform to 
specifications par the terms of Taxas Instruments 
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LM193,· LM293,LM393, LM293A; LM393A, LM2903 
DUAL DIFFERENTIAL COMPARATORS 

schematic (each comparator) 

NON INVERTING 
INPUT 

INVERTING --------'1---+------' 
INPUT 

OUTPUT 

GND 

• 

(ORVCC_1 

Current values shown are nominal. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
< o 
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Supply voltage, Vcc (see Note 1) ............................................. 36 V 
Differential input voltage (see Note 2) .......................................... ±36 V 
Input voltage range (either input) ....................................... -0.3 V to 36 V 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 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: LM193 ............................. -55°C to 125°C 

LM293, LM293A . . . . . . . . . . . . . . . . . . . . . . .. -25°C to 85°C 
LM393, LM393A . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to 70°C 
LM2903 ............................ -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 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: L package ................ 300°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input. 
3. Short circuits from outputs to VCC can cause excessive heating and eventual destruction. 

DISSIPATION RATING TABLE 

TA s 25°C DERATING DERATE TA = 70°C TA = 85°C TA =125°C 
PACKAGE 

POWER RATING FACTOR ABOVETA POWER RATING POWER RATING POWER RATING 

0 725mW 5.8mW/"C 25°C 464mW 377mW 

FK 900mW 11.0mW/"C 68°C 880mW 715mW 275mW 

JG (LM193) 900mW 8.4 mW/"C 43°C 672mW 546mW 210mW 

JG (All others) 825mW 6.6mW/"C 25°C 528mW 429mW 

L 825mW 6.6mW/"C 25°C 528mW 429mW 165mW 

P 900mW 8.0mW/"C 37°C 640mW 520mW 
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electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 

TEST CONDITIONSt 
LM193 LM293, LM393 LM293A, LM393A LM2903 

PARAMETER 
MAx 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MIN TYP MAX 

Vee - 5Vta30V, 25"C 2 5 2 5 1 2 2 7 
VIO Input offset voltage rnV 

Vie ~ VieR, Vo~ 1.4V Full range 9 9 4 15 

25°e 3 25 5 50 5 50 5 50 
110 Input offset current VO~ l.4V nA 

Full range 100 150 150 200 

25°e 25 100 25 250 25 250 25 250 
liB Input bias current Vo ~ 1.4V nA 

Full range 300 400 400 500 

Ota Oto Oto Oto 
25°e 

VieR 
Common-mode input voltage Vee-1.5 Vee-1.5 Vee-1.5 Vee-loS 

V 
ranget Oto Ota Oto Oto 

Full range 
Vee-2 Vee-2 Vee-2 Vee-2 

Large-signal differential 
Vee ~ 15V,. 

Avo Vo ~ l.4Vta 11.4V, 25°e 50 200 50 200 50 200 25 100 V/rnV 
voltage amplification 

RL " 15 k!l to vee 

VOH - 5V VIO - 1 V 25°e 0.1 0.1 50 0.1 50 0.1 50 nA 
10H High-level output current 

VOH - 30 V, VID - 1 V Full range 1 1 1 1 IlA 
25°e 150 400 150 400 150 400 150 400 

VOL Low-level output voltage 10L ~ 4mA, VID ~ -1 V, rnV 
Full range 700 700 700 700 

10L Low-level output current VOL ~ lo5V, VIO ~ -1 V 25°e 6 6 6 6 rnA 

I Vee - 5V 25"C O.B 1 O.B 1 0.8 1 O.B 1 
lee Supply current RL= OX! rnA I Vee -30V Full range 2.5 2.5 2.5 2.5 

t Full range (MIN to MAX) for LM193 is -55°C to 125°C, for LM293 and LM293A is 25°C to BSoC, for the LM393 and LM393A is O°C to 70"C, and for LM2903 is -40°C to 125°C. All 
characteristics are measured with zero common-mode input voltage unless otherwise specified. * The voltage at either input or common-mode should not be allowed to go negative by more than 0.3 V. The upper end olthe common-mode voltage range is VCC+ -1.5 V, but either or 
both inputs can go to 30 V without damage. 

switching characteristics, Vee = 5 V, T A = 25°e 

PARAMETER I TEST CONDITIONS I MIN TYP MAX I UNIT 

I RL connected to 5 V through 5.1 k!1, 1.1OO-mV input step w~h 5-mVoverdrive I 1.3 I Response time 
CL = 15 pF,§ See Note 4 I TTL-level input step I 0.3 I 

!.Is 

§ 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 

02402, OCTOBER 1977-REVISEO APRIL 1988 

• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage ... 2 
to 28 Volts 

• 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 

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 pin 3 is at least 

D, J, OR N PACKAGE 

(TOP VIEW) 

OUT CaMP 1 OUT CaMP 3 
OUT COMP 2 OUT COMP 4 

VCC GND 

""IN + IN-
COMP 2 -'IN - IN +~ CaMP 4 

COMP 1 {IN - IN + CaMP 3 
IN+ IN--... __ ..r-

symbol (each comparator) 

NONINVER::[>-TNG 
INPUT IN+ 

OUTPUT 
INVERTING 
INPUT IN-

AVAILABLE OPTIONS 

SYMBOLIZATiON OPERATING 

DEVICE I PACKAGE TEMPERATURE VIOMAX 
at2S·C 

SUFFIX RANGE 

LM3302 I D, J, N -40·C to 8S·C 20mV 

The D packages are available taped and reeled. Add the suffix R to 
the device type, When ordering. (I.e., LM3302DR) 

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. 

NONINVERTING 
INPUT 

8O'I'A 
CURRENT 

Vcc 
r--------~-----(OR 

Vcc+l 

OUTPUT 

INVERTING 
INPUT ------+---~r-----4 

Current values shown are nominal. 

PRODUCTION DATA documents .ontain information 
camnt .s of publication date. Products conform to 
specificatloRs par the tarms of Taxas Instruments 

:.~~:~~;ai~:I:ri =~:i:; :'~D=::t:~~ not 

GND 
L---~--------~~~---(OR 

Vcc_l 

Copyright © 1983, Texas Instruments Incorporated 
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LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 

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

Supply voltage, Vcc (see Note 1) ............................................. 28 V 
Differential input voltage (see Note 2) .......................................... ±28 V 
Input voltage range (either input) ........................................ -0.3 V to 28 V 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .. 28 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 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 .................................... -40·C to 85·C 
Storage temperature range .......................................... -65·C to 150·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 

NOTES: 1. All voltage values, except differential voltages. are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to Vee can cause excessive heating and eventual destruction. 

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 950mW 7.BmWrC B08mW 494mW 

J 1025mW 8.2mWrC 656mW 533mW 

N 1150mW 9.2mWre 736mW 598mW 

~ ;:;' electrical characteristics at specified free-air temperature, Vee = 5 V (unless otherwise noted) 
CI) 
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via 

110 

liB 

vlCR 

AVD 

10H 

VOL 

10L 

100 

PARAMETER 

Input offset voltage 

Input offset current 

Input bias current 

Common-mode input 

voltage range 

Large'signal differential 
voltage amplification 

High-level output current 

Low-level output voltage 

Low-level output current 

Supply current 

(four comparators) 

TEST CONDITIONst 

Vec = 5 V to 28 v, 25'0 

VIC = VICR min, 

Va = I.4V -40'C to 85'C 

VO=I.4V 
25'C 

-40'C to 85'C 

25'C 

-40'C to 85'C 

25'C 

-40'C to 85'0 

VOO-15V, 
Va = 1.4 Vto 11.4 V, 25'0 

RL = 15 kOto VOO 

VID= 1 V, VOH = 5V 
25'0 

-40'0 to 85'0 

VID= 1 V, IOL=4mA 
25'0 

40'0 to 85'0 

VID= 1 V, VOL=I.5V 25'0 

Va = 2.5 V, No load 25'0 

. . t All characteristics are measured With zero common-mode Input voltage unless otherwise specified . 
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MIN TYP MAX UNIT 

3 20 

mV 
40 

3 100 

300 
nA 

-25 -500 
nA 

-1000 

010 

Vee- 1.5 
V 

Oto 

Vee-2 

2 30 V/mV 

0.1 nA 

1 IIA 
160 500 

mV 
700 

6 16 rnA 

0.8 2 rnA 



switching characteristics, Vee = 5 V, TA = 25°e 

TEST CONDITIONS 

LM3302 
QUADRUPLE DIFFERENTIAL COMPARATOR 

MIN TVP MAX 

RL= 5.1 Idlto5V. 100-mV input step with 5-mV overdrive 1.3 
CL = 15 pF*. See Note 4 TIL-level 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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LP111, LP211, LP311 
LOW-POWER DIFFERENTIAL COMPARATORS WITH STROBES 

• low Power Drain - 900 p.W Typical with 
5-V Supply 

• Operates from ± 15 V or 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 p.s 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 with ± 15-V Supply 

• Same Pinout as lM111, lM211, lM311 

• Designed to be Interchangeable with 
National Semiconductor lP311 

description 

The LP111, LP211, and LP311 are a low-power 
versions of the industry-standard LM 111, 
LM211, and 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. Thus, 
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 p.A current drain, but are still capable 

03019. JUNE 1987 - REVISED MAY 1988 

LPlll ... JG DUAL-IN-LiNE PACKAGE 
LP211. LP311 •.. D. JG. DR P PACKAGE 

ITOP VIEWI 

EMITOUT[]8 VCC+ 
IN+ 2 7 COL OUT 

IN - 3 6 BAL/STRB 

VCC- 4 5 BALANCE 

LP111 ... FK CHIP CARRIER PACKAGE 

ITOP VIEWI 

+ 
(,) 

(,) (,) (,) 
z> z 

3 2 1 20 19 

4 18 

5 17 COL OUT 

6 16 NC 

7 1 5 BAL/STRB 

8 14 NC 

9 1011 1213 

NC - No internal connection 

functional block diagram 

BALANCE----------~ 

BAL/STRB--------, 

NONINVERTING 
INPUT IN+ 

INVERTING 
INPUT IN-

COL 

EMIT 

AVAILABLE OPTIONS 

VIO MAX 
PACKAGE 

TA 
AT 2S"C 

SMALL OUTLINE CERAMIC CERAMIC DIP PLASTIC DIP 

(01 (FKI (JGI (PI 

O"C 

to 7.5 mV LP311D - LP311JG LP311P 

70"C 

-2S"C 

to 7.5 mV LP211D - LP211JG LP211P 

8S"C 

-SS"C 

to 7.5 mV - LPll1FK LPlllJG -
12S"C 

The D package is available taped and reeled. Add the suffix R to the device type when ordering. 
le.g .• LP311 DRI 
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LP111, LP211, LP311 
LOW-POWER DIFFERENTIAL COMPARATORS WITH STROBES 

description (continued) 

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 DC to 125 DC. 
The LP211 is characterized for operation from - 25 DC to 85 DC, and the LP311 is characterized for operation 
from ODC to 70 DC. 

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

Supply voltage, VCC + (see Note 1) ...................... ,..................... 18 V 
Supply voltage, VCC - (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -18 V 
Differential input voltage (see Note 2) ......................................... ± 30 V 
Input voltage (either input, see Notes 1 and 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 15 V 
Voltage from emitter output to VCC - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Voltage from collector output to VCC _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 V 
Voltage from collector output to 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: LP111 .................... :...... - 55 DC to 125 DC 

LP211 ............................ -25 DC to 85 DC 
LP311 ............................... ODC to 70 DC 

Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ......... 260 DC 
Case temperature for 60 seconds: FK package ................................... 260 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300 DC 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vee + and Vee _. 
2. Differential input voltages are at the noninverting input terminal with respect to the inverting terminal. 
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 TA '" 25°C DERATING DERATE TA - 70°C TA - 85°C TA - 125°C 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 

0 500mW 5.8 mw/oe 64°e 464mW 377 mW 

FK 1375 mW 11.0 mw/oe 25°e 880 mW 715 mW 275 mW 

JG (LP11 11 1050 mW 8.4 mw/oe 25°e 672 mW 546mW 210mW 

JG (LP _111 825 mW 6.6 mw/oe 25°e 528 mW 429 mW 

P 500 mW 8.0 mw/oe 88°e 500 mW 500 mW 

recommended operating conditions 

MIN NOM 

Input voltage II Vee ± I '" 1 5 V) Vcc- +0.5 
Supply voltage, Vee + - Vee- 3.5 
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LP111, LP211, LP311 
LOW·POWER DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature, Vee ± ± 15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VID Input offset voltage RS < 100 kll, See Note 5 
25°e 2 7.5 

mV 
Full Range 10 

25°e 2 25 
',0 Input offset current See Note 5 nA 

Full Range 35 

25°e 15 100 
liB Input bias current nA 

Full Range 150 

VID > 10 mV, 10L = 25 mA, 
25°e 0.4 1.5 

See Note 6 

VOL Low-level output voltage Vee = 4.5 V, Vee- = 0, ILP111 0.1 0.7 V 

VIO < -10 mV, 10L = 1.6 rnA, Full Range I LP211 
0.1 0.4 

See Note 6 LP311 

Low-level strobe current 
V(strobe) = 0.3 V, 

See Note 7 

VIO < -10 mV, 
25°e 100 300 ~A 

'QlofJl Output off-state current VID > 10 mV, VeE - 35 V 25°e 0.2 100 nA 

AVO 
Large signal differential 

RL = 5 kll 
voltage amplification 

25°e 40 100 V/mV 

lee+ Supply current from Vee + VID - -50 mV, RL - 00 Full Range 150 300 ~A 

Ice- Supply current from Vee- VID = 50 mV, RL = 00 Full Range -80 -180 ~A 

tAli typical values are at Vee± = ±15 V, TA = 25°e. 
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 l-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 1 00 ~A to 300 ~A. 

switching characteristics at Vee ± ± 15 V, TA = 25°e (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Response time See Note 8 1.2 

NOTE 8: The response time is specified for a 100-mV input step with 5-mV overdrive. 

II 
U) ... 
o .... 
ca ... 
ca 
Q. 

E o 
(.) 

CD 
en 
ca .... 
'0 
> 

TEXAS ." 
INSTRUMENlS 

3-31 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



< o 
::+ 
I» cc 
CD 

o o 
3 
"'0 
I» 
aJ ... 
o 
til 

3-32 



LP239, LP339, LP2901 
LOW-POWER QUAD DIFFERENTIAL COMPARATORS 

• Ultralow Power Supply Current 
Drain ... Typically 60 p.A 

• Low Input Biasing Current ... 3 nA 

• Low Input Offset Current ... ± 0.5 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 = 2 VI 

• Power Supply Input Reverse-Voltage 
Protected 

• Single-Power-Supply Operation 

• Pin-for-Pin Compatible with LM239. LM339. 
LM2901 

description 

D3044. 

D. J. DR N PACKAGE 
(TOP VIEW) 

OUT CaMP 1 OUT CaMP 3 

OUT CaMP 2 OUT CaMP 4 

VCC GND 

CaMP #2 ~ IN- IN+ t CaMP #4 
IN+ IN-

CaMP #1 ~ IN-
IN+ 

IN+ ~ 
IN-

COMP #3 

The LP239. LP339, and 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 60-ItA drain current over a wide range of voltages. Operation from split power supplies 
is also possible and the ultra low 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, and 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 DC. The LP339 is characterized for operation 
from OOC to 70°C. The LP2901 is characterized for operation from -40°C to 85°C. 

AVAILABLE OPTIONS 

V,O MAX 
PACKAGE 

TA 
AT 2S·C 

SMALL-OUTLINE PLASTIC DIP CERAMIC DIP 

ID) IN) IJ) 
OOC 

to ±5 mV LP339D LP339N LP339J 

70°C 
-2SoC 

to ±S mV LP239D LP239N LP239J 
8S·C 

-40·C 

to ±S mV LP2901D LP2901N LP2901J 
8SoC 

o packages are available taped-and-reeled. Add "R" suffix to device type when 
ordering (e.g., LP339DR). 

Copyright © 1987, Texas Instruments Incorporated 

I!! o .... 
1!! 
CO 
Q. 
E o 

(.) 

Q) 
0) 
CO .... 
'0 
> 

PRODUCTION DATA documents contain information 
currant 8S of publication data. Products conform to 
spacifications per the terms of Texas Instruments 

:~~'!!:~~i~ar::,~1e ~~=~;ti:r :I~o:=:~:':r~':' not TEXAS ~ 
INSTRUMENTS 

3-33 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



E 
< o 
::;' 
I» 

CQ 
CD 

(") 
o 
3 

'1:J 
I» 
; .. o 
til 

LP239, LP339, LP2901 
LOW·POWER QUAD DIFFERENTIAL COMPARATORS 

schematic diagram (each comparator) 

NONINVERTING 
INPUT 

IN+ 

VCC 

INVERTING 
INPUT------------+--------r----------~ 

IN-

/""~-+--"",,-OUTPUT 

L---~~------~----~._~-GND 

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

Supply voltage, Vcc (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 36 V 
Differential input voltage, VID (see Note 2) ..................................... ± 36 V 
Input voltage range (either input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 36 V 
Input current, VI :S - 0.3 V (see Note 3) ..................................... - 50 mA 
Duration of output short-circuit to ground (see Note 4) ........................... unlimited 
Continuous total dissipation (see Note 5) . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range: LP239 . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 25°C to 85 °c 

LP339. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
LP2901 .......... , . . . . . . . . . . . . . . . .. -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: D or N package ........ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

NOTES: 1. All voltage values. except differential voltages. are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting Input terminal. 
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 returns to a value 
more positive than - 0.3 V at T A = 25°C. 

4. Short circuits between outputs to VCC 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). 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25°C DERATING FACTOR TA - 70°C TA - B5°C 

POWER RATING ABOVE TA - 25°C POWER RATING POWER RATING 

D 950 mW 7.6 mWloC 608 mW 494mW 
1025 mW 8.2 mWloC 656 mW 533 mW 

N 1150mW 9.2 mWloC 736 mW 598 mW 
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LP239, LP339, LP2901 
LOW-POWER QUAD DIFFERENTIAL COMPARATORS 

recommended operating conditions 

LP2901 LP239 LP339 

NOM 
UNIT 

MIN NOM MAX MIN MAX MIN NOM MAX 

Supply voltage, VCC 5 30 5 30 5 30 V 

Common-mode input voltage, VIC 
VCC - 5 V 0 3 0 3 0 3 V 

VCC = 30 V 0 28 0 28 0 28 V 

VCC = 5 V 0 3 0 3 0 3 V 
Input voltage, VI 

VCC - 30 V 0 28 0 28 0 28 V 

Operating free-air temperature, T A -40 85 -25 85 0 70 °C 

electrical characteristics, Vee - 5 V, TA ... 25°e (unless otherwise noted) 

PARAMETER TEST CONOITIONS MIN TYP MAX UNIT 

Input offset voltage 
VCC = 5 V to 30 V, Vo = 2 V, 25°C ±2 ±5 

VIO mV 
RS = 0, See Note 6 Full range ±9 

25°C ±0.5 ±5 
110 Input offset current 

±15 
nA 

Full range ±1 

liB Input bias current See Note 7 
25°C 

Full range 

-2.5 -25 
nA 

-4 -40 

VICR 
Common-mode input 

Single supply 
25°C o to VCC-1.5 

V 
voltage range Full range a to VCC-2 

AVO 
Large-signal differential 

VCC = 15V, 
voltage amplification 

RL=15kll 500 VlmV 

VI_ = 1 V, Vo = 2 V 25°C 20 30 

Output sink current Isee Note 8) Full range 15 mA 
VI+ = 0 

25°C Vo = 0.4 V 0.2 0.7 

Output leakage current VI+ = 1 V, Vo = 5 V 25°C 0.1 nA 

VI_ = 0 Vo = 30 V Full range 1 ~A 

VID Differential input voltage VI :s 0 lor VCC _ on split supplies) 36 V 

ICC Supply current RL = '" all comparators 60 100 p.A 

NOTES: 6. VIO is measured over the full common-mode input voltege range. 
7. Because of the p-n-p input stage, the direction of the current is out of the device. This current is essentially constant li.e., 

independent of the output statel. Therefore, 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, T A ... 25 oe, RL connected to 5 V through 5.1 kG 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Large-signal response time 1.3 
TTL logic swing, Vref = 1.4 V 

8 Response time 
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LP239, LP339, LP2901 
LOW·POWER QUAD DIFFERENTIAL COMPARATORS 

TYPICAL APPLICATION DATA 

vcc 

NONINVERTING~O kll 
INPUT 
IN+ + 

OUTPUT 
INVERTING 

INPUT -
IN - 1/4 LP239. LP339. 

OR LP2901 

FIGURE 1. BASIC COMPARATOR 

NONINVERTING 
INPUT 

vcc 

IN+ OUTPUT 

INVERTING 
INPUT 
IN-

114 LP239. LP339. 
OR LP2901 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 grounded-emitter mode. This unique drive circuit permits the device 
to sink 30 mA at Va = 2 V in the Darlington mode and 700 /LA at Va = 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 Q3). Therefore. if the output voltage is held high enough (above 1 V),Q1 is not saturated 
and the output current is limited only by the product of the hFE of Q1. the hFE of Q2. and 11 and by the 60-0 
saturation resistance of Q2. The devices are capable of driving LEDs. relays. etc .• in this mode while maintaining 
an ultra low power supply current of 60 /LA typically. 

~~--------------vcc 

..---t----...... -vo 

FIGURE 3. OUTPUT SECTION SCHEMATIC DIAGRAM 

Without transistor Q3. if the output voltage were allowed to drop below 0.8 V. transistor Q1 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 Q 1 under these conditions 
and apply the current 11 directly to the base of Q2. The output sink current is now approximately 11 times the 
hFE of Q2 (700 /LA 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. Therefore several outputs can be tied together to provide 
a dot logic function. An output pull-up resistor can be connected to any available power supply voltage within 
the permitted power supply voltage range, and there is no restriction on this voltage based on the magnitude 
of the voltage that is applied to the Vee terminal of the package. 
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• Low Input Offset Voltage .•• 1.5 or 
0.5 mV Max 

• Maximum Input Bias Current •.. 50 or 25 nA 

• Low Input Offset Current ••• 4 or 3 nA Max 

• Output Response Time ••• 250 ns Max 

• Voltage Gain .•• 200 V/mV Min 

• Output Current •.• 50 mA Source or Sink 

• Differential Input Voltage ••• ±30 V 

• Can Operate from Single 5-V Supply 

• Pin-Compatible with LMlll Series 

• Designed to be Interchangeable with Linear 
Technology L T1 011 and L Tl 011 A 

description 

The LT1011 and LT1011A are general-purpose 
comparators that are pin-compatible with the 
LMlll. The LT10llA offers significantly better 
input characteristics than the LM 111 : four times 
lower bias current, six times lower offset voltage, 
and five times higher voltage gain. Additionally, 
the supply current is considerably lower than that 
of the LM111 with no loss in speed. The offset 
voltage temperature coefficient of the L Tl 011 A is 
15 IJ,vrc. The LT1011 and LT1011A are fully 
specified for dc parameters and output response 
time when operating from a single f;I-V supply. 

LT1 011, LT1011A 
VOLTAGE COMPARATORS 

03179, JANUARY 1989 

JG OR P PACKAGE 

(TOP VIEW) 

GND[]8 vcc+ 
IN+ 2 7 OUT 

IN - 3 6 BAL/STROBE 
Vcc - 4 5 BALANCE 

L PACKAGE 

(TOP VIEW) 

Vcc+ 

Vcc-

Pin 4 (L package) is in electrical contact with the case. 

symbol 

IN+=C>- OUT 

IN-

The LT1011 and LT1011A can be used in high-accuracy (;:: 12-bit) systems without trimming. The devices 
retain all the versatile features of the LM111 including single-supply operation (3 V to 36 V) or dual-supply 
operation (± 1.5 V to ± 18 V) and a floating transistor output with 50-mA source or sink capability. The devices 
can drive loads that are referenced to ground, the negative supply, or the positive supply, and are specified up 
to 50 V between VCC- and the collector output. A differential input voltage up to the full supply voltage is 
allowed, even with ±18-V supplies, enabling the inputs to be clamped to the supplies with simple diode 
clamps. 

M-suffix devices are characterized for operation over the full military temperature range of -55°C to 125°C. 
C-suffix devices are characterized for operation from QOC to 7QoC. 

AVAILABLE OPTIONS 

PACKAGE 

TA 
VIOMAX CERAMIC DIP METAL CAN PLASTIC DIP 
Bt2S'C 

(JG) (L) (P) 

O'C 
1.5mV LT10llCJG LTlOllCL LT10llCP 

to 
LTlOl1ACJG LTlOllACL LT1011ACP 

70'C 0.5mV 

-55'C 
1.5mV LTlOllMJG LT10l1ML to 

125'C O.5mV LT10llAMJG LT10llAML 

Copyright @ 1989, Texas Instruments Incorporated 
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SAL 

R25 
1.6 k 

R26 
1.6 k 

Resistor values shown are nominal and in ohms. 

s.lo:a,e.ledwoo a6e:a,I°J\. II 

R19 
500 

SAL/STROBE 

R18 
275 

R9 
800 

LT1011 

Vcc-

Vcc+ 
-4 
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L T1 011, L T1 011 A 
VOLTAGE COMPARATORS 

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

Supplyvoltage,Vcc+ ..................................................... 18V 
Supply voltage, VCC- .................................................... -18 V 
Voltage from output to VCC-: M-suffix .......................................... 50 V 

C-suffix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 V 
Voltage from GND to VCC- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Voltage from strobe to VCC+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 V 
Differential input voltage (see Note 1) .......................................... ±36 V 
Input voltage (either input, see Note 2) ......................................... VCC± 
Duration of output short circuit (see Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 s 
Continuous power dissipation ............................... See Dissipation Rating Table 
Operating free-air temperature range: M-suffix .. . . . . . . . . . . . . . . . . . . . . . . . . . .. -55°C to 125°C 

C-suffix ................................ 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 or L package. . . . . . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package. . . . . . . . . . . . . . .. 260°C 

NOTES: 1. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
2. Inputs may be clamped to supplies with diodes so that the maximum input voltage actually exceeds the supply voltage by one diode 

drop (refer to "input protection" in the applications section). 
3. The output may be shorted to ground or to efther power supply. 

DISSIPATION RATING TABLE 

TA s 25'C DERATING FACTOR TA = 70'C TA = 125'C 
PACKAGE 

POWER RATING ABOVE T A = 25'C POWER RATING POWER RATING 

JG (M-suffix) 1050mW 8.4 mWI'C 672mW 210mW 

JG (C-suffix) 825mW 6.6mWI'C 528mW N/A 

L (M-suffix) 825mW 6.6mWI'C 528mW 165mW 

L (C-suffix) 650mW 5.2 mW/'C 416mW N/A 
p 1000 mW 8.0mWI'C 640mW N/A 

recommended operating conditions 

M-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, VCC+ 15 15 V 

Supply voltage, VCC- -15 -15 V 

Input voltage, VI, (see Note 4) 
IVcc± = ±15V -14.5 13 -14.5 13 

V 
I VCC = single 5-V 0.5 3 0.5 3 

Operating free-air temperature, T A -55 125 0 70 'c 

NOTE 4: See "Input Signal Range" under "Typical Application Data." 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 

electrical characteristics, VCC± = ±15 V, VIC = 0, RS = 0, pin 1 atVcc-, output at pin 7 (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
LT1011 

MIN TYP 

LT1011A 

MAX MIN TYP MAX 
UNIT 

10 = 1.5 rnA, Vo =0 
25'C 0.6 1.5 0.3 0.5 

Full range 3 1 
VIO Input offset voltage 

25'C 2 0.75 
mV 

RS ,; 50 kO, See Note 5 
Full range 3 1.5 

Average temperature 

avlO coefficient of input See Note 6 Full range 4 25 4 15 pvrc 
offset voltage 

110 Input offset current See Note 5 
25'0 0.2 4 0.2 3 

Full range 6 5 
nA 

10 = 1.5 rnA, Vo = 0 25'C -20 ±50 -15 ±25 

liB Input bias current 
See Note 5 

25'C -25 ±65 -20 ±35 nA 
Full range ±80 ±50 

IIL(S) 
Low-level strobe current 

25'C -500 -500 pA 
(See Note 7) 

-14.5 -14.5 

VICR 
Common-mode input Full range to to V voltage range 

13 13 

AVO 
large-signal differential Rl - 1 k!l to VCC+, 

25'C 200 500 200 500 V/mV 
voltage amplification VO=-10VtoI4.5V 

VIO = -5 mY, 10l = 8 rnA, Full range 0.4 0.4 
. VOL Low-level output vo~age Pin 1 atOV V 

VIO = ~5 mV, 10l = 50 rnA, Full range 1.5 1.5 
Pin 1 atOV 

Output leakage current 
VIO = 5 mY, Pin 1 at -15 V, 25'C 0.2 10 0.2 10 

nA 10(lkg) Vo = 35 V (25 V for lTl0llC) Full range 500 500 
CMRR Common-mode rejection ratio VIC = VICR min, RS ,; 50 kO 25'C 90 115 94 115 dB 

ICC+ Supply current from VCC+ 25'C 3.2 4 3.2 4 rnA 

ICC- Supply current from VCC- 25'C -1.7 -2.5 -1.7 -2.5 rnA 

Ci Input capacitance 25'C 6 6 pF 

t Full range IS -55'C to 125'C for the lTl0llM and lTl0llAM. Full range IS O'Cto 70'C for the lTl0llC and lTl011AC. 
NOTES: 5. These specifications apply for single supply voltages from 5 V to 30 V and dual supply voltages from ±2.5 V to ± 15 V for the entire 

input voltage range, and for both high and low output states. The high state Is 10H " 100 pA and Vo " (VCC+ - 1 V). The low stale 
is 10l ,; 8 rnA and Vo ,; 0.8 V. Therefore, this specification defines a worst-case error band that Includes eflscts due to common­
mode Signals, voHage gain, and output load. 

6. Average temperature coefficient is calculated by dividing the offset voltage difference measured at minimum and maximum 
temperatures by the tempereture difference. 

7. This is the minimum current that must be drawn from the strobe to ensure that the output is off regardless of dlflerentlallnput voltage. 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 

electrical characteristics, Vee + = 5 V, Vee - = 0, Vie = 0, RS = 0, pin 1 at 0 V, output at pin 7 
(unless otherwise noted) 

TAt 
LT1011 LT10llA 

PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX MIN TYP MAX 

Input offset voltage RS '" 50 kn, See Note 5 
25·C 2 0.75 

VIO Full range 
mV 

3 t.5 

Input offset current See Note 8 
25'C 0.2 4 0.2 3 

110 Full range 6 5 
nA 

Input bias current See Note 8 
25·C 25 65 20 35 

nA liB 
Full range 80 50 

Ill(S) 
low-level strobe current 

25·C -500 -500 IlA (See Note 7) 
0.5 0.5 

VICR 
Common-mode input Full range to to V voltage range 

3 3 

AVD 
large-signal differential Rl - 0.5 kn to VCC+, 

25·C 50 300 50 300 V/mV 
voltage amplification Vo = 0.5 Vto 4.5 V 

low-level output voltage 
VID - -5 mV, 10l - 8 rnA Full range 0.4 0.4 

V VOL 
i'lID = -5 mV, 10l = 50 mA Full range 1.5 1.5 

Output leakage current 
VID = 5mV, 25·C 0.2 10 0.2 10 

10 
Vo = 50 V (40 V for lTl0llC) Full range 

nA 
500 500 

ICC+ Supply current from VCC+ 25·C 3.2 4 3.2 4 rnA 

ICC- Supply current from VCC- 25·C -1.7 -2.5 -1.7 -2.5 rnA 

t Full range is -55'C to 125·C for the lTl0llM and lT1011AM. Full range is O"C to 70·C for the LT1011C and LT1011AC. 

NOTES: 6. Average temperature coefficient Is calculated by dividing the offset vollage difference measured at minimum and maximum 
temperatures by the temperature difference. 

7. This is the minimum currentthat must be drawn from the strobe to ensure that the output is off regardless of differential input voltage. 
8. These specifications apply for all single-supply vollages from 5 V to 30 V for the entire input voltage range, and for both high and 10'"' 

output states. The high state is 10H " 100 llAandVo " (VCC+ - 1 V). The low state is 10L '" 8mAandVo '" O.SV. Therefore, this 
specification defines a worst-case error band that Includes effects due to common-mode signals, voltage gain, and output load. 

switching characteristics, Vee + = 5 V, Vee- = 0, pin 1 atOV, TA = 25°e 

PARAMETER I TEST CONDITIONS 
I LT1011 I LT1011A 

I MIN TYP MAX I MIN TYP MAX 
UNIT I 

I Output response time I RC = 500 n to 5 V, CL = 5 pF, See Note 9 I 150 250 I 150 250 ns I 

NOTE 9: 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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LT1011, LT1011A 
VOLTAGE COMPARATORS 

TYPICAL CHARACTERISTICSt 
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vs 
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FIGURE 1 
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FIGURE 2 

LT1011 
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-60 -25 0 25 50 75 100 125 160 
TA -Free-Air Temperature-·C 

FIGURE 4 
t Data at high and low temperatures are applicable only w~hln the rated operating free-air temperature ranges of the various devices. 
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LT1 011, L 11 011 A 
VOLTAGE COMPARATORS 

TYPICAL CHARACTERISTICSt 
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VOLTAGE TRANSFER CHARACTERISTICS 
50 

40 
> 
I 
& 
! 30 
~ 
~ 
~ 20 
I 

~ 
10 

o 

Vcc± - 30 V 
VCC- - 0 
TA - 25°C 

1\ 

\ , 

( flII-suifx 

_I __ I 
C-sufflx 

COllec!or ~utPu~_ 
(Pin 71 
RL - 1 kD -

1\ 
\ Emitter Output 

(Pin 1J -\ RL-6001l 

20 

-0.5 -0.3 -0.1 0 0.1 0.3 0.5 
VID-Dlfferentiallnput Voltage-mV 

FIGURE 8 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 

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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LT1011, LT1011A 
VOLTAGE COMPARATORS 

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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LT1011, LT1011A 
VOLTAGE COMPARATORS 

TYPICAL CHARACTERISTICS 
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TYPICAL APPLICATION DATA 
preventing oscillation problems 

LT1011, LT1011A 
VOLTAGE COMPARATORS 

Oscillation problems in comparators are often caused by stray capacitance between the output and inputs or 
between the output and other sensitive pins on the comparator. This is especially true for comparators with 
high gain and wide bandWidth, like the LT1011 (GBW 2: 10 GHz), that are designed for fast switching with 
millivolt input signal levels. Because oscillation problems tend to occur at frequencies around 5 MHz, where 
the LT1 011 has a gain of approximately 2 V/mV, attenuation of output signals must be at least 2000:1 at 5 MHz 
as measured at the inputs. If the source impedance is 1 kn, the effective stray capacitance between output 
and input must have a reactance of more than (2000)(1 kn) = 2 Mn, or less than 2 pF. The actual inter-lead 
capacitance between input and output pins on the LT1011 is less than 0.002 pF when cut to mounting length 
for printed circuit boards. Additional stray capacitance due to printed circuit traces must be minimized by 
routing the output trace directly away from input lines and, if possible, running ground traces next to input 
traces to provide shielding. 

Additional steps to prevent oscillation problems are: 

1. Bypass the strobe/balance pins with a 0.01-f.1F capacitor connected from pin 5 to pin 6 to eliminate 
stray capacitive feedback from the output to the balance pins. The balance pins are nearly as sensitive 
to stray capacitive feedback as the inputs. 

2. Bypass the negative supply (pin 4) with a 0.1-f.1F ceramic capacitor close to the comparator. A 0.1-f.1F 
capacitor can also be used for the positive supply (pin 8) ifthe pull-up load is tied to a separate supply. 
When the pull-up load is tied directly to pin 8, use a 2-f.1F solid tantalum bypass capacitor. 

3. Bypass any slow-moving or dc input with a capacitor (2: 0.Q1 f.1F) close to the comparator to reduce 
high-frequency source impedance. 

4. Keep resistive source impedance as low as possible. If a resistor is added in series with one input, 
bypass it with a capacitor to balance source impedances for dc accuracy. The low input bias current 
of the LT1011 usually eliminates any need for source resistance balancing. A 5-kn imbalance, for 
example, creates only 0.25-mV offset. 

5. Use hysteresis, which consists of shifting the input offset voltage of the comparator when the output 
changes state. Hysteresis forces the comparator to move quickly through its linear region, eliminating 
oscillations by "overdriving" the comparator under all input conditions. Hysteresis may be either ac or 
dc. An ac hysteresis technique does not shift the apparent offset voltage of the comparator but 
requires a minimum input signal slew rate to be effective. A dc hysteresis technique works for all input 
slew rates but creates a shift in offset voltage dependent on the previous condition of the input signal. 

The circuit shown in Figure 21 is an excellent compromise between ac and dc hysteresis. The 
0.003-f.1F capacitor from pin 6 to pin 8 generates ac hysteresis by slightly shifting the voltage on the 
balance pins; both pins move about 4 mV depending on the state of the output. If pin 6 is bypassed, a 
level of ac hysteresis is created that is sufficient to switch the output at a speed near the comparator's 
maximum speed. 

A small amount of dc hysteresis is also used to prevent problems due to low values of input slew rate. The 
sensitivity of the balance pins to current is about 0.5-mV input referred offset for each microampere of balance 
pin current. The 15-M!}' resistor tied from output to pin 5 generates 0.5-mV dc hysteresis. 

The circuit is especially useful for general-purpose comparator applications because it does not force any 
signals directly back onto the input signal source. Instead, it takes advantage of the unique properties of the 
balance pins to provide extremely fast, clean output switching even with low-frequency input signals in the 
millivolt range. The combination of ac and dc hysteresis creates clean oscillation-free switching with very 
small input errors. The curve in Figure 22 plots input referred error versus switching frequency for the circuit 
shown in Figure 21. Note that at low frequencies, tha error is simply the dc hysteresis, while at high 
frequencies, an additional error is created by the ac hysteresis. The high-frequency error can be reduced by 
reducing CH, but lower values may not provide clean switching with very low slew-rate input signals. 
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LT1011,LT1011A . 
VOLTAGE COMPARATORS 

TYPICAL APPLICATION DATA 
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FIGURE 21. COMPARATOR WITH HYSTERESIS 
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The inputs to the L T1 011 are particularly suited to general-purpose comparator applications because large 
differential and/or common-mode voltages can be tolerated without damage to the comparator. Either or both 
Inputs can be raised 40 V above the negative supply, Independent of the positive supply voltage. Internal 
forward biased diodes conduct when the Inputs are taken below the negative supply. In this condition, Input 
current must be limited to 1 mA. If very large (fault) Input voltages must be accommodated, series resistors 
and clamp diodes should be used, as shown In Figure 23. 

01 02 

R1 

{ 

(See Nota CI 

INPUTS (S .. :!te CI 

03 04 

NOTES: A. 01·04 1N414B. 

R3 
30011 

(See Note II 

R4 
30011 

(S .. Note II 

Vcc+ 

VCC-

B. May be eliminated for fault current :s 1 mAo 
C. Select according to allowable fault current and power dissipation. 

FIGURE 23. LIMITING FAULT INPUT CURRENTS 
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TYPICAL APPLICATION DATA 

LT1011, LT1 011A 
VOLTAGE COMPARATORS 

The input resistors should limit fault current to a value between 0.1 mA and 20 mAo Power dissipation in the 
resistors must be considered for continuous faults, especially when the L T1011 supplies are off. Lightly 
loaded supplies may be forced to higher voltages by large fault currents flowing through 01-04. 

R3 and R4limit input current to the LT1011 to less than 1 mAwhen the input signals are held below VCC-. 
They may be eliminated if R1 and R2 are large enough to limit fault current to less than 1 mAo 

input slew rate limitations 

In the L T1 011, step size is important because the slew rate of internal nodes increases response time for input 
step sizes larger than 1 V. For example, at 5-V step size, response time increases from 150 ns to 360 ns (see 
Figure 16). If response time is critical and large input signals are expected, clamp diodes across the inputs are 
recommended. The slew rate limitation can also affect performance when differential input voltage is low, but 
both inputs must slew quickly. The maximum suggested common-mode slew rate is 10 V/!J,s. 

strobing 

The L T1 011 can be strobed by pulling current out of the strobe pin. The output transistor is forced to an off 
state, giving a high output at the collector (pin 7). Currents as low as -250 !J,A may cause strobing, but when 
the strobe current is low, strobe delay increases to between 200 ns and 300 ns. If strobe current is increased 
to -3 mA, strobe delay drops to about 60 ns. When the strobe current is 0, the voltage at the strobe pin is 
approximately 150 mV below VCC+; when the strobe current is increased to -3 mA, the strobe pin voltage is 
approximately 2 V below VCC+. Do not ground the strobe pin; it must be current driven. 

Figure 24 shows a typical strobe circuit. Note that there is no bypass capacitor between pins 5 and 6, which 
maximizes strobe speed but leaves the comparator more sensitive to oscillation problems for slow, low-level 
inputs. A 1-pF capacitor between the output and pin 5 greatly reduces oscillation problems without reducing 
strobe speed. 

15 V 5 V 

3 RL 

2 
OUTPUT 

TTL OR CMOS DRIVE 
(5-V SUPPL VI 

FIGURE 24. TYPICAL STROBE CIRCUIT 

Placing a resistor from the output to pin 5 adds dc hysteresis. See step number 5 under "preventing oscillation 
problems." 

The pin that is used for strobing (pin 6) is also one of the offset adjustment pins. Current into or out of pin 6 
must be kept very low « 0.2 !J,A) when not strobing to prevent input offset voltage shifts. 

output transistor 

When the LT1011 output transistor is in the off state, negligible current flows into or out of the collector or 
emitter. The equivalent circuit is shown in Figure 25. 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 

11 I 
0.5mA • 

l)'PICAL APPLICATION DATA 

vcc+ 

............ H.--I-----...-COLLECTOR (OUTPUT) 

vcc-

R12 
470 II 

R11 
470 II 

L-.-----II..-EMITTER (GND PIN) 

FIGURE 25. OUTPUT TRANSISTOR CIRCUITRY 

output transistor (continued) 

In the off state, 11 is switched off and both 012 and 015 turn off. The collector of 015 can then be held above 
VCC- without conducting current. The maximum voltage above VCC- is 50 V for the LT1 011 and 40 V for the 
LT1011C (these maximum voltages may exceed VCC+). The emitter can be held at any voltage between 
VCC- and VCC+ as long as the voltage is negative with respect to the collector. 

In the on state, 11 is connected, which turns on both 012 and 015. Diodes D1 and D2 prevent deep saturation 
of 015 to improve speed and also limit the drive current of 012. The R11/R12 divider sets the saturation 
voltage of 015 and provides turn-off drive. Either the collector or emitter pin can be held at a voltage between 
VCC- and VCC+, which allows the remaining pin to drive the load. In typical applications, the emitter is 
connected to VCC- or ground. and the collector drives a load tied to VCC+ or a separate positive supply. 

When the emitter is used as the output, the collector is typically tied to VCC+, and the load is connected to 
ground or VCC-. Note thatthe emitter output is phase reversed with respect to the collector output so that the 
"+" and "-" input designations must be reversed. When the collector is tied to VCC+. the voltage at the 
emitter in the one state is about 2 V below VCC+. 

Input signal range 

The input voltage range of the LT1011 is typically 300 mV above the negative supply and 1.5 V below the 
positive supply, independent of the actual supply voltages. This is the input voltage range over which the 
output will respond correctly when a voltage within the range is applied to one input and a higher or lower 
signal is applied to the other input. If one input is inside the range and one is outside. the output will be 
correct. If both inputs are outside the range, in opposite directions, the output will still be correct. If. however. 
both inputs are outside the range in the same direction, the output will not respond to the differential input; it 
will remain unconditionally off. 
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L 11 011, L 11 011 A 
VOLTAGE COMPARATORS 

TYPICAL APPLICATIONS 

VCC+ Vc 
R2 
3~ ~ 

VCC+ 

7 

FIGURE 26. OFFSET BALANCING 

NOTE: Do not ground strobe pin. 

FIGURE 27. STROBING 

VCC-

NOTE: Ve can be greater or less than Vee +. 

FIGURE 28. DRIVING LOAD REFERENCED TO 
POSITIVE SUPPLY 

INPUTS 
(See Note AI 

NOTE A: Input polarity is reversed when using 
Pin 1 for output. 

FIGURE 29. DRIVING LOAD REFERENCED TO 
NEGATIVE SUPPLY 

CURRENT·MOOE INPUT ~.--e>--..... ----='" 
(DAC. ETCI 

VOLTAGE 
INPUT 

7 OUTPUT 
01 

GROUND OR LOW· 
L-~~""-IMPEDANCE REFERENCE 

FIGURE 30. USING CLAMP DIODES TO IMPROVE FREQUENCY 
RESPONSE ISee Figure 16) 
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LT1 011, LT1 011 A 
VOLTAGE COMPARATORS 

TYPICAL APPLICATIONS 

INPUTS 
(See Note AI 

Vcc-

NOTES: A. Input polarity is reversed when using Pin 1 for output. 
B. Ve may be any voltage above Vee _. Pin 1 swings 

to within approximately 2 V of Vee +. 

FIGURE 31. DRIVING LOAD REFERENCED 
TO GROUND 

5 kll 
Vcc+ 

RH 
See Note A 

7 

NOTES: A. Hysteresis is approximately 0.45 mVI~A change in 
current in RH· 

B, This resistor causes hysteresis to be centered around 

VIO· 

FIGURE 32. COMBINING OFFSET ADJUSTMENT 
AND HYSTERESIS 

FIGURE 33. DIRECT STROBE DRIVE WHEN 
CMOS LOGIC USES SAME VCC+ 

SUPPLY AS LT1011 
(Not applicable for TTL logic) 

Vcc+ 

10 kll 

TTL OR CMOS 
5V 

FIGURE 34. COMBINING OFFSET ADJUSTMENT 
AND STROBE 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 

HIGH 
LIMIT 

LOW 
LIMIT 

Cl + 
50"F~ 

Rl 
1 kll 

RZ 
470 II 

TYPICAL APPLICATIONS 

lN4002 

R3 
(See Note Al 

10 kll 

15 V 

-5VTO 

15V 

Ql (See Nota BI 
ZN6667 

MoTOR:TACH -, 
GLOBE 397A1Z0-ZI 

TACHI 

":" R5 R6 
100 kll Z kll 

R7 
1 kll CZ TC3 

(See Note Ai 0.1 "F 
O.l/1F -=-

R4 
1 kll 

-15 V 
0-10 V 
INPUT 

NOTES: A. R31C2 determines oscillation frequency of controller. 
B. Ql operates in switch mode. 

FIGURE 35. HIGH-EFFICIENCY MOTOR SPEED CONTROLLER 

10 kll 

NOTE: Output is high inside "window" and low 
above high limit or below low limit. 

5V 

50 kll 

10 kll 

FIGURE 36. WINDOW DETECTOR FIGURE 37. CRYSTAL OSCILLATOR 
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L 11011, LT1011A 
VOLTAGE COMPARATORS 

TYPICAL APPLICATIONS 

25kll:5 RS:5 200kll 
(See Note C) 15 V 

10 kll 

BUFFERED 
OUTPUT 

(See Note B) 
L------------------------e-4~~~15V 

10 kll 
(See Note B) 

NOTES: A. Low drift and accurate frequency are obtained because this configuration rejects effects due to input offset voltage and input 
bias current Of the comparator. 

B. 1 % metal film. 
C. RS = TRW type MTR-5/ + 120 ppm/oC. 
D. C1 = 0.0151'F = polystyrene: 120 ppm/DC ±30 ppm WESCO type 32-P. 
E. Comparator contributes ~ 10 ppm! °C drift for frequencies below 10kHz. 

Rl 
1 kll 

FULL-SCALE 
TRIM 

R2 
(See Note) 

6.49 kll 
15V 

20 14 

13 

FIGURE 38. LOW-DRIFT RIC OSCILLATOR 

3.9 kll 

LM329 
7V 

R3 
6.98 kll 

15 

6012 12-BtT 
D/A CONVERTER 

-15 V 

I'F 
0.001 

16 17 

- 12 11 10 9 8 7 6 5 3 2 1 

~u~~~~,J1~~~~~~:i-l 1-~:t~~~~~}~~~~~i 
5V 

lJ 4 5 6 7 8 9 16 17 18 19 20 21 SERIAL OUTPUT 

24 

AM2504 
SAR REGISTER 

D~------~----4 

CC~-----------'--iC1 

INPUT 
0-10 V 

CPS LATCH 

CLOCK 1-1.4 MHz 

NOTE: R2 and R4 should TC track. 
FIGURE 39. 10-,.s 12-BIT A-D CONVERTER 

5V 

R5 
1 kO 

LT1011A 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 

TYPICAL APPLICATIONS 

NOTES: A. Increase R1 for larger input voltages. 

5V 

R3 
R2 1 kll 

75 kll 

R5 
10 kll 

OUTPUT 
60 Hz 

R4 
27 kll 

B. LT1 011 self-oscillates at approximately 60 Hz, thereby "locking" onto incoming line signal. 

R2 
5 kll 

FULL·SCALE 

FIGURE 40. NOISE-IMMUNE SO-Hz LINE SYNCHRONIZATION 

15 V 
R4 

1 Mil 
R7 
4.7 kll 

r--'>M~15V 

01~~~TV ... _T'VR'VIM'r--'\R"'3~"--""""'''''' 
LINEARITY ~ 0.01 % 

S.06 kll 
15 V 

10 Hz R16 
TRIM 50 kll R17 

(See Note C) 
22 Mil 

-15 V 

NOTES: A. All diodes 1 N4148, transistors 2N3904. 
B. Used only to guarantee start-up. 

RS 
4.7 kll 

-15 V 

---I 14-1.5 ~s 

lnnr4 .4V 

U U U -15V 

R13 
620 kll 

R11 
20 kll 

R12 
100 kll 

C. R17 may be increased for better 10-Hz trim resolution. 

15 V 

R9 
5 kll 

R10 
2.7 kll 

FIGURE 41. 10-Hz TO 100-kHz VOLTAGE-TO-FREQUENCY CONVERTER 
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LT1011,.LT1011A 
VOLTAGE COMPARATORS 

TYPICAL APPLICATIONS 

'5V 

- , 5 V-4...-vv.r 

C, 

I2~F 
"::" (See Note Al 

NOTES: A. Mylar 
B. Set for required reset time constant. 

FIGURE 42. POSITIVE PEAK DETECTOR 

'5 V 

NOTES: A. Mylar 
B. Select for required reset time constant. 

FIGURE 43. NEGATIVE PEAK DETECTOR 
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TYPICAL APPLICATIONS 

1 MG 

VI ____ ~--------_4~·V7~k~G-----------4~~ 

4.7 kG 

-15 V 

100 kG 

10 kG 

1.5 kG 

5 kG 
THRESHOLD 

L T1011, LT1011A 
VOLTAGE COMPARATORS 

100 pF 

1 MG 

16V 

OUTPUT 

~ o ... 
! 
ca 
Q. 

E 
o 
(.) 

-15V CD 
C) 
ca 

NOTES: A. The comparators drive the opto-coupled FET "on" when the difference between the output and the input exceeds threshold. ... 
When the output approaches the input, the FET turns "off" and low-pass filtering occurs. 15 

B. From Theta-J Corporation, Woburn, Massachusetts. > 
FIGURE 44. FAST-SETTLING FILTER 
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LT1011, LT1011A 
VOLTAGE COMPARATORS 

TYPICAL APPLICATIONS 

0.033 pF 

AC INPUT-.... .AJVY-4I ... -"'I 

-5V 

FIGURE 45. 100-kHz PRECISION RECTIFIER 

15 V 

R1 
1 kll 

R2 
18 kll 

5V 

R3 
3.9 k!l 

R4 -15 V 
5.6 kll 

":" 

START 

D1 

INPUT 
0-10V 

R5 
4.7 kO 

ri'4f-----4II-----=i~ 
":" 0.01 pF 

'D2 

R7 -15V":" 
22 n 

NOTES: A. All diodes lN4148 
8. Polystyrene 
C. NPO 

5V 

R6 
4.7 kll 

5V 

-5V 

FIGURE 46. 4-DIGIT (10.000-COUNT) A-D CONVERTER 

3-58 . TEXAS'" 
INSTRUMENTS 

POST OFFICE BOX 865012 • DALLAS, TEXAS 75285 

RECTIFIED 
OUTPUT 

1 k!J 

OUTPUT. 1 COUNT 
PER mY. f.' MHz 



TYPICAL APPLICATIONS 

n n TH;" (CMAX (pFH (1 ps/pF] 
.J L.J L fL ;" 10 • CMAX • (1 ps/pF) 

TTL OR CMOS 01 
(OPERATlNG--4~~ .. ----.. --. 

ON 5 V) 

R1 
5 kU 

LT1011, LT1011A 
VOLTAGE COMPARATORS 

10 pF 
(See Note B) 

R5 IL 
~7~_~~4_.70~~PUT 

02 
ISee Note B) 

R4 
10 kU 

C 
(See Note C) 

03 
ISee Note B) 

1 ps/pF 

T+10 pF i (See Note B) 

NOTES: A. PIN = IR2 + R3). (e)· [(Rt + R4)/Rt]. The input capacitance ofthe LTlOl1 isapproximetely6pF. This is an offset term . 
B. These components may be eliminated if negative supply is available I -1 V to - 15 V). 
C. Typical two sections of 365-pF variable capacitor when used as shaft-angle indication. 

FIGURE 47. CAPACITANCE-TO-PULSE-WIDTH CONVERTER 
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LT1016 
ULTRA·FAST PRECISION LATCHED COMPARATOR 

• Ultra·Fast... 10 ns Typ tpd 

• Operates from Single 5·V or Dual ± 5·V 
Supply 

• Complementary TTL Outputs 

• Low Input Offset Voltage ... 0.8 mV or 
1 mV Typ 

• No Minimum Input Slew Rate Requirement 

• No Supply Current Spiking 

• Output Latch 

description 

MAY 1988 - REVISED MARCH 1989 

D. JG. DR P PACKAGE 

(TOP VIEWI 

VCC+u8 OOUT 
(N+ 2 7 Q OUT 
IN- 3 6 GND 

VCC- 4 5 IE 

L PACKAGE 

(TOPVIEWI 

VCC+ 

NC - No internal connection. 

The L T1 016 is an ultra-fast comparator 
specifically designed to interface directly to TTL 
logic while operating from either a dual ± 5-V 
supply or a single 5-V supply. The L T1 016 offers 
tight offset voltage specifications and high 
gain for precision applications. Matched 
complementary outputs further extend the 
versatility of the L T1 01 6. 

All leads of the L package are electrically insulated from the case. 

The L T1 0 16 features a unique output stage that provides active drive in both directions for maximum speed 
into TTL-logic or passive loads yet does not exhibit the large current spikes normally found in totem-pole 
output stages. This eliminates the need for a minimum input slew rate typical of other fast comparators. 
The L T1 016's ability to remain stable with the outputs in the active region greatly reduces the problem 
of output "glitching" when the input signal is slow moving or is at a low level. 

The LT1016 has a true latch for retaining input data at the outputs. The outputs remain latched as long 
as the latch enable input LE is high. Quiescent negative supply current is only 3 rnA, about ten times lower 
than competitive units. This feature reduces die temperature and allows the negative supply pin to be driven 
from virtually any supply voltage with a simple resistive divider. Device performance is not affected by 
variations in negative supply voltage. 

The L T1 016M is characterized for operation over the full military temperature range of - 55 DC to 125 DC. 
The LT1016C is characterized for operation from ODC to 70 DC. 

AVAILABlE OPTIONS 

PACKAGE 

TA SMALL OUTLINE CERAMIC DIP METAL CAN PLASTIC DIP 

(DI (JGI (LI (PI 

OOC 

to LT1016CD LT1016CJG LT1016CL LT1016CP 

70°C 

-55°C 

to LT1016MJG LT1016ML 

125°C 

The 0 package is available taped and reeled. Add the suffix R to the device type (e.g., 
LT1016CDRI. 

PRODUCTION DATA documantl •• ntli. informltlo. 
.umnt II of publlOldo. dille. Praduota conlolll to 
spooifi.1I10.1 1* thl IIrIlI of Tt.1I Inllrulllllll 
lIIe.dlrd wlrrlnty. Production ,nollllni dOli not 
....... rll' 1 •• ludo laid •• of III pln.lller .. 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 656012 • DALLAS. TeXAS 76285 

Copyright C) 1988. Texas Instruments Incorporated 

fI) .. o 
~ as .. 
as 
Q. 
E 
o 
(J 

Go) 
en as 
~ 

'0 
> 

3-61 



E 
< o 
:+ 
I» 
CO 
CD 

(') 
o 
3 
'C 
I» .. 
I» 
r+ o .. en 

LT1016 
ULTRA;FAST PRECISION LATCHED COMPARATOR 

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

Supply voltage, Vee + (see Note 1) ............................................. 7 V 
Supply voltage, Vee _ ..................................................... - 7 V 
Differential input voltage (see Note 2) .......................................... ± 5 V 
Input voltage (either input) .................................................. Vee± 
Latch enable input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee ± 
Output current, 10 ...................................................... ± 20 mA 
Operating free-air temperature range: L T1 016M ......................... .,. 55 °e to 125°e 

LT1016e ............................. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ..... , . .. 260 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG package ........... 300 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: L package ............ 300 0 e 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vee + and Vee _. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The output may be shorted to ground or to either power supply. 

recommended operating conditions 

LT1016M LT1016C 

NOM MAX MIN NOM MAX 
UNIT 

MIN 

Supply voltage, Vee + 5 5 V 

Supply voltage, Vee- -5 -5 V 

I Vee± = ±15 V -3.75 3.5 -3.75 3.5 
Input voltage, VI V 

I Vee+ = 5 V, Vee- = 0 1.25 3.5 1.25 1.25 

Operating free-air temperature, T A -55 125 0 70 De 
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LT1D16 
ULTRA·FAST PRECISION LATCHED COMPARATOR 

electrical characteristics. vee + = 5 V. VCC­
noted) 

- 5 V. VO(O) = 1.4 V. LE at 0 V (unless otherwise 

PARAMETER TEST CONDITIONS TAt 
LT1016M LT1016C 

UNIT 
MIN TYP MAX MIN TYP MAX 

Input offset voltage 
RS :s 100!l 

25°C 0.8 2 1 3 
VIO (see Note 41 

mV 
Full range 3 3.5 

Average temperature 

"VIO coefficient of input Full range 4 4 ~V/oC 

offset voltage 

Input offset current 25°C 0.3 1 0.3 1 
110 (see Note 41 Full range 1.3 1.3 

~A 

liB 
Input bias current 25°C 5 10 5 10 

(see Note 51 
Vo = 1.4 V 

Full range 13 13 ~ 

-3.75 -3.75 

Dual supply Full range to to 

VICR 
Common-mode input 3.5 3.5 

V 
voltage range 1.25 1.25 

Single supply Full range to to 

3.5 3.5 

LE high Full range 2 2 
VI Input voltage V 

LE low Full range 0.8 0.8 

High-level VCC+ :s 4.6 V. 10 = 1 mA 2.7 2.7 
VOH Full range V 

output voltage VCC+ :s 4.6 V. 10 = 10 mA 2.4 2.4 

Low-level 10 = 4 mA Full range 0.5 0.5 
VOL V 

output voltage 10 = 10 mA 25°C 0.4 0.4 

Small-signal 

AVO differential voltage Vo = 1 V to 2 V 25°C 1400 3000 1400 3000 V/V 

amplification 

CMRR 
Common·mode 

rejection ratio 
VIC = -3.75 V to 3.5 V Full range 80 80 dB 

Positive supply, 
60 60 

kSVR 
Supply voltage VCC+ = 4.6 V to 5.4 V 

Full range dB 
rejection ratio Negative supply. 

80 80 
VCC- = 2Vta7V 

ICC+ 
Supply current 

Full range 
from VCC+ 

35 35 mA 

ICC-
Supply current 

Full range 
from VCC-

5 5 mA 

II 
latch pin input 

Full range 500 500 ~A 
current 

tFull range is -55°C to 125°C for the LT1016M. Full range is O°C to 70°C for the LT1016C. 
NOTES: 4. Input offset voltage is defined as the average of the two voltages measured by forcing first one output and then the other 

to 1.4 V. Input offset current ;s defined in an analogous way. 
5. Input bias current is defined as the average of the two input currents. 
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LT1016 
ULTRA·FAST PRECISION LATCHED COMPARATOR 

switching characteristics. VCC+ "" 6 V, VCC- - -5 V, LE at 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt MIN TVP MAX UNIT 

dVI = 100 mY. 5-mV overdrive. 25 De 10 14 

Propagation delay time 
See Note 6 Full range 16 

tpd 
dVI - 100 mY. 20-mVoverdrive. 26 De 10 14 

ns 

See Note 6 Full range 16 

dtpd Differential propagation delay 
dVI = 100 mY. 5-mV overdrive. 

See Note 6 
26 De 3 ns 

Latch minimum setup time 25 De 2 ns 

tFull range is -55 De to 125 De for the LT1016M. Full range is oDe to 70 De for the Ln016e. 
NOTE 6: tpd and dtpd cannot be measured in automatic-handling test equipment with low values of overdrive. The L n 016 is tested 

with a l-V step and 500-mV overdrive. Correlation testing indicates that tpd and dtpd limits shown can be met with this test. 
For low overdrive conditions, VIO is added to the overdrive. 
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• Single Supply or Dual Supplies 

• Wide Range of Supply Voltage 
2t036V 

• Low Supply Current Drain Independent of 
Supply Voltage ... 0.8 mA Typ 

• Low Input Bias Current ... 25 nA Typ 

• Low Input Offset Current 
3 to 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 TL331 is a voltage comparator that is 
designed to operate from a single power supply 

TA 

ODC 

to 

70 DC 

-25 DC 

to 

85°C 

TL3311, TL331C 
DIFFERENTIAL COMPARATORS 

02344. APRIL 1977-REVISEO OCTOBER 1988 

D. JG. OR P PACKAGE 

(TOP VIEW) 

NC[]8 NC 
IN- 2 7 VCC 
IN+ 3 6 OUT 

GND 4 5 NC 

NC-No internal connection 

AVAILABLE OPTIONS 

PACKAGE 

VIOMAX SMALL CERAMIC 

at 2SoC OUTLINE DIP 

(DI (JG) 

5 mV TL331CD TL331CJG 

5 mV TL3311D TL3311JG 

PLASTIC 

DIP 
(P) 

TL331CP 

TL3311P 

The 0 package is available taped and reeled. Add the suffix R to 
the device type (e.g .• TL331 CDR) 

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 36 V and pin 7 is at least 1.5 V more positive than the input common-mode 
voltage. Current drain is independent of the supply voltage. 

The TL331 I is characterized for operation from - 25°C to 85°C. The TL331C is characterized for operation 
from OOC to 70°C. 

schematic 

NON INVERTING 
INPUT IN+ 

~---------------4~--------VCC(ORVCC+) 

OUTPUT 

INVERTING __________ + ____ --+ _____ ---1 

INPUT IN-

L---~------~._~~----GND(ORVCC-) 

Current values shown are nominal. 

Copyright @ 1979, Texas Instruments Incorporated 
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TL3311, TL331C 
DIFFE~ENTIAL COMPARATORS 

absolute maximum ratings ov.er operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . .. 36 V 
Differential input voltage (see Note 2) ......................................... ± 36 V 
Input voltage range (either input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 36 V 
Output voltage .......................................................... " 36 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 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: TL331 I ............................ - 25°C to 85 °C 

TL331 C .............................. ooC 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 or P package ......... 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circuits from the output to VCC can cause excessive heating and eventual destruction. 

PACKAGE 

D 

JG 

P 

TA s 25°C 
POWER RATING 

680mW 
680mW 

680mW 

recommended operating conditions 

DISSIPATION RATING TABLE 

DERATING FACTOR 

ABOVE TA - 25°C 
5.8 mW'oC 

6.6 mW'oC 

8.0 mW'oC 

TA - 70°C 
POWER RATING 

464mW 

528 mW 

640mW 

TL331 I 

TA - 85°C 
POWER RATING 

377mW 

429mW 

520mW 

TL331C 

MIN MAX MIN MAX 

Supply voltage, VCC 5 30 5 30 

I VCC = 5 V 0 3 0 3 
Common·mode input voltage, VIC I 

0 28 0 28 VCC = 30 v 
Operating free·air temperature, T A -25 85 0 70 

UNIT 

V 

V 

dc;: 
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TL3311, TL331C 
DIFFERENTIAL COMPARATORS 

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

TEST CONDITIONSt 
TL331 I TL331C 

PARAMETER 
TVP MIN MAX 

UNIT 
MIN MAX TVP 

VCC = 5 V to 30 V, 25°C 2 5 2 5 
VIO Input offset voltage mV 

VIC = VICR min, Vo = 1.4 V Full range 9 9 
25°C 3 25 5 50 

110 Input offset current Vo = l.4V nA 
Full range 100 150 

25°C -25 -100 -25 -250 
liB Input bias current nA 

Full range -300 -400 

a to Oto 

Common-mode input 
25°C 

Vee-1.5 
VICR VCC = 5 V to 30 V 

Vee- 1.5 
V 

voltage range Oto a to 
Full range 

Vee- 2 Vee- 2 

Large-signal differential 
VCC = 15 V, 

AVD voltage amplification 
Vo = 1.4 V to 11.4 V, 25°C 200 200 V/mV 

RL = 15 kOto VCC 
High-level I VOH - 5 V 25°C 0.1 0.1 nA 

10H output current 
VIO = 1 V I VOH = 30 V Full range 1 1 ~A 

Low-level 
IOL = 4 mA 

25°C 150 400 150 400 
mV VOL output voltage 

VIO = -1 V, 
Full range 700 700 

IOL 
Low-level 

VIO = -1 V, VOL=1.5V 25°C 6 6 mA 
output current 

ICC SupplV current Vo = 2.5 V, No load 26°C 0.5 0.8 0.5 0.8 mA 

t Full range (MIN to MAX) for the TL331 I is -26°C to 86°C and for the Tl331C is O°C to 70°C. All characteristics are measured with 
zero common-mode input voltage unless otherwise specified. 

switching characteristics. Vee - 5 V. TA - 25 0 e 
TEST CONDITIONS MIN TVP MAX 

Rl connected to 5 V through 5.1 kO, f-:::l =oO::--.;.:m:..;V~i:..;n!:;pu:.:t:..;s:.:.te:;!:p:...w=ithc....::5..:.-m:.:.V:.....::.ov.:.;e:;,rd::;r.:.;iv:..;e+ ___ -:-1 :.:.3,---_---1 
Cl = 15 pF, t See Note 4 TTL-level input step 0.3 

tCl 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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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 

• Fast Response Times 

• High Differential Voltage Amplification 

• Low Offset Characteristics 

• Outputs Compatible with Most TTL Circuits 

description 

The TL514 is an improved version of the TL720 
dual high· speed voltage comparator. When 
compared with the TL720, these circuits feature 
higher amplification (typically 33,000) due to an 
extra amplification stage, increased accuracy 
because of lower offset characteristics, and 
greater flexibility with the addition of a strobe 
to each comparator, Since the output cannot be 
more positive than the strobe, a low· level input 
at the strobe will cause the output to go low 
regardless of the differential input, 

These circuits are especially useful in 
applications requiring an amplitude discriminator, 
memory sense amplifier, or a high·speed limit 
detector, The TL514M is characterized for 
operation over the full military temperature range 
of -55°C to 125°C, 

symbol (each comparator) 

STRB3>-
NON INVERTING 

INPUTIN+ 
OUTPUT 

INVERTING 
INPUT IN-

0999, OCTOBER 1977 -REVISED MARCH 1988 

J OR W PACKAGE 

(TOP VIEW) 

AMPLIFIER { S~~; ~C: - } AMPLIFIER 

#1 VCC+ IN+ #1 
NC GND 

AMPLIFIER { :~ ~ ~~~B+ } AMPLIFIER 

#2 VCC- ......... __ J-'OUT #2 

1 VCC+ 
NC 

NC 

NC 

21N+ 

FK CHIP CARRIER 

(TOP VIEW) 

3 2 1 2019 

4 18 

5 17 

6 16 

7 15 

8 14 

9 1011 1213 

IN+ 

NC 

GND 

NC 

2 VCC+ 

NC -- No internal connection 

Copyright @ 1983, Texas Instruments Incorporated 
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Tl:514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 

schematic (each comparator) 

NONINVERTING 
INPUT IN+ 

INVERTING -----1-----1 
INPUT IN-

Resistor values shown are nominal in ohms. 

Vcc+ 

STROBE 

OUTPUT 

GNO 

Vcc-

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

Supply voltage Vcc + (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 V 
Supply voltage VCC - (see Note 1) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. - 7 V 
Differential input voltage (see Note 2) .......................................... ± 5 V 
Input voltage (any input. see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 7 V 
Strobe voltage (see Note 1) ................................................... 6 V 
Peak output current (tw :$ 1 s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 mA 
Continuous total dissipation (either comparator or both together) ..... 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 (1/16 inch) from case for 60 seconds: J or W package. . . . . . . .. 300°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

DISSIPATION RATING TABLE 

TA $ 2SoC DERATING DERATE TA - 12SoC 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING 

FK 600mW 11.0 mW/oC 95°C 275 mW 

J 600 mW 11.0 mW/oC 95°C 275 mW 

W 600 mW 8.0 mW/oC 75°C 200mW 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 

electrical characteristics at specified free-air temperature, Vee + 12 V, vee- -6 V 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

RS ,;; 200, 25°C 0.6 2 
VIO Input offset voltage mV 

See Note 4 -55°C to 125°C 3 

Average temperature coefficient RS ~ 500, -55°C to 25°C 3 10 
"VIO of input offset voltage See Note 4 25°C to 125°C 3 10 

~V/oC 

25°C 0.75 3 

110 Input offset current See Note 4 -55°C 1.8 7 ~A 

125°C 0.25 3 

Average temperature coefficient -55°C to 25°C 15 75 
"110 See Note 4 nA/oC 

of input offset current 25°C to 125°C 5 25 

25°C 7 15 
liB Input bias current See Note 4 pA 

-55°C 12 25 

IIH(S) High-level strobe current 
V(strobe) - 5 V, 

25°C ± 100 ~A 
VID ~ -5 mV 

IIL(S) Low-level strobe current 
V(strobe) ~ -100 mV, 
VID ~ 5 mV 

25°C -1 -2.5 mA 

VICR 
Common-mode input 

VCC ~ -7 V -55°Cto125°C ±5 V 
voltage range 

VID Differential input voltage range -55°C to 125°C ±5 V 

Large-signal differential No load, 25°C 12.5 33 
AVD V/mV 

voltage amplification Vo ~ 0 to 2.5 V -55°Cto125°C 10 

VID ~ 5 mV 
- 55°C to 125°C 4§ 5 

VOH High-level output voltage 
10H ~ 0 

V 
VID ~ 5 mV, 

-55°Cto125°C 2.5 3.6§ 
10H - -5 mA 

VID ~ -5 mV, 
-55°C to 125°C -1 -0.5§ 0" V 

10L ~ 0 

VOL Low-level output voltage V(strobe) - 0.3 V, 
VID ~ 5 mV, -55°C to 125°C -1 0" V 

10L ~ 0 

25°C 2 2.4 

10L Low-level output current 
VID ~ -5 mV, 

-55°C 1 2.3 mA 
Vo ~ 0 

125°C 0.5 2.3 

ro Output resistance Vo ~ l.4V 25°C 200 II 

CMRR Common-mode rejection ratio RS ,;; 2000 - 55°C to 125°C 80 100§ dB 

ICC+ Supply current from V CC + , - 55°C to 125°C 11§ 18 mA 

Supply current from VCC _ , 
VID ~ -5 mV, 

-7§ ICC- - 55°C to 125°C -14 mA 

Total power dissipation' 
No load 

PD -55°C to 125°C 180§ 300 mW 

t Unless otherwise noted, all characteristics are measured with the strobe open. 
:t: The algebraic convention, where the most-positive (least-negative) limit is designated as maximum, is used in this data sheet for logic 

levels only, e.g., when 0 V is the maximum, the minimum limit is a more~negative voltage. 
§These typical values are at T A ~ 25°C. 
'Supply current and power dissipation limits apply for both comparators operating simultaneously. 
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.8 V at 

T A ~ - 55°C, Vo ~ 1.4 V at T A ~ 25°C, and Vo ~ 1 V at TA ~ 125°C. These output voltage levels were selected to 
approximate the logic threshold voltages of the types of digital logic circuits this comparator is intended to drive. 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 

switching characteristics. VCC+ - 12 V. VCC- .. -6 V. TA .. 25°C 

PARAMETER TEST CONOITIONS MIN TYP MAX 

Response time· RL = co CL = 5 pF, See Note 5 30 80 
Strobe release time RL = co CL = 5 pF, See Note 6 5 25 

NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive. 
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6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from 
the 50% point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4-V level. 

TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

Vcc+= 12V 
VCC_=-6V 
Vo =Oto 2.5 V 
No load 

r--- ............... 
........... 

"1'0.. _.- '------

"\ 

> 80 

~ 
I 70 

·1 60 
~ 

~ 50 
0( 

;40 
~ 
:! 30 

~ 20 

:E 
~ 10 
Q 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 

SUPPLY VOLTAGE 

Vo =Oto 2.5 V 
No load 
TA = 25'C VCL=~7V\ V 

VCC-=-6~\ i I ,/ 
Y ,/" 

VCC-=-5~ /~ 
./' 

V /" 

~ V Y V 

~ ~ / 
~ ~ 

-75 -50 -25 0 25 50 75 100 125 
~ 0 

10 11 12 13 14 
T A -Fr.e-Air Temperature-'C 

FIGURE 1 

VCC+-Positive Supply Voltage-V 

FIGURE 2 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 

TYPICAL CHARACTERISTICS 

OUTPUT VOLTAGE LEVELS 
vs 

FREE-AIR TEMPERATURE 

I I I 1.1 
VOH (VID = 5 mV,lOH = 0) 

VCC+= 12 V 
VCC_=-6V 

--_.-

VOL (VID - -5 mV, IOL = 0) 

<C 
E 
I 
E 
~ 
:; 
u .. 
::J 
D-

2_50 

2_45 

2_40 

~ 2.35 
a; 
i'i 12_30 

I 9 2_25 

2_20 

LOW-LEVEL OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

Vcc+= 12V 
VCC_=-6V 
VID=-5 mV 
Vo =0 

-
/ 

V '-..... 
~ 

'--... 

"'" 
-75 -50 -25 o 25 50 75 100 125 -75 -50 -25 o 25 50 75 100 125 

TA-Free-Air Temperature-OC 

FIGURE 3 

TA-Free-Air Temperature-OC 

FIGURE 4 
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VOLTAGE TRANSFER CHARACTERISTICS 

5 
Vcc+= 12V 
VCC_=-6V 

4 RS = 50n --

No IOid 
I ~ 

TA = - 55°Cll 
~ 

I'---TA = 25°C 
TA = 125°C 

3 

2 

o 

-1 
-3 -2 -1 o 2 

VID-Differentiallnput Voltage-mV 

FIGURE 5 
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TL514M , 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 

TYPICAL CHARACTERISTICS 

14 

12 

f 
, 

'I: 10 
~ 
:I 
U 

.m 8 
III .. 
& c 6 T 
~ 

4 

2 

INPUT BIAS CURRENT 
vs 

FREE·AIR TEMPERATURE 

VC~+= 1'2 V 
VCC":'--6V 
See Note 4 

'\.. 
~ 

"'-
'" ........... 

~ r--... 

-75 -50 -25 0 25 50 75 100 125 

> 4 
I 

i 3 

~ 2 

I 
:I 

" 0 o 
> -1 

-

TA-Free·Air Temperatura-DC 

FIGURE 6 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

101mv 
VC~+= 1'2 V 
VCC_=-6V 
CL =5pF 
RL .. co 
TA = 25DC 

20mV ~ 7/ 
10mV\ 't/I /,--2 mV 

.~ ~5~V 
/. fj / 

I / 

-20 0 20 40 60 80 100 120 140 

t-Time-ns 

FIGURE 8 

115 
III 
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'i 110 
II: 
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! I 95 

~ 90 
II: 

i5 
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COMMON·MODE REJECTIQN RATIO 
vs 

FREE·AIR TEMPERATURE 

VCC+= 12V 
VCC-=-6V 
VIC" -5 to 5 V 

~ 
RS<;200n 

~ 
~ 

-75 -50 -25 0 25 50 75 100 126 

TA-Free·Air Temperature-DC 

FIGURE 7 

STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 

=r 
4 

II 3 

f 2 / v~c+l= 121V 

i 0 

VCC-=-6V 

/ CL -5 pF 
RL =CO 

TA=25DC 

> 
I 3 II 

'" 
2mVto5Jv 

! 2 
~ V O~V 

r 1 ~V 
I 

i 0 

" o -1 
> -10 -5 0 5 10 15 20 25 30 35 40 

t-Time-ns 

FIGURE 9 

NOTE 4: These characteristics are verified by maasurements at the following temperatures and output voltage levels: Va = 1.S V at 
TA = -55°C, Va = l.4VatTA = 2SoC, and Va = 1 VatTA = 12S oC. These output voltage levels were selected to approximate 
the logic threshold voltages of the types of digital logic circuits this comparator Is Intended to drive. 
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TL514M 
DUAL DIFFERENTIAL COMPARATOR WITH STROBE 

TYPICAL CHARACTERISTICS 

TOTAL POWER DISSIPATION 
vs 

COMMON-MODE PULSE RESPONSE FREE-AIR TEMPERATURE 

~ : 5O1l Vo 

VIC r--:. 
I I 

o 

I I 

40 80 
t-Time-ns 

FIGURE 10 

VCC+= 12V 
VCC_=-6V 
No Load 
TA = 25°C 

110 

~ 100 
I 
c 
.2 
~ 90 
"-"il 
i5 80 

1 
~ 70 

I 

E 60 

50 

VCC+=12V 
VCC- = -6 V 

r-VID = 5 mV 
No Load 

V --i'---

120 160 -75 -50 -25 0 25 50 75 100 125 

T A-Free-Air Temperature-°c 

FIGURE 11 
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• Operetes from a 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 ... 26 ns Typ 

description 

The TL 712 is a high-speed comparator 
fabricated with bipolar Schottky t process 
technology. The circuit has differential analog 
inputs and complementary 3-state TTL­
compatible logic outputs with symmetrical 
switching characteristics, When the output 
enable, OE, 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 
OOC to 70°C. 

schematics of inputs and outputs 

TL712 
DIFFERENTIAL COMPARATOR 

02741, JUNE 1983-REVISEO MARCH 1988 

D. JG. OR P PACKAGE 

(TOP VIEW} 

NeuB Vee 
IN- 2 7 OUT-
IN+ 3 6 OUT+ 

OE 4 5 GND 

NC - No internal connection 

symbol (positive logic) 

(6) OUT+ 

EQUIVALENT OF EACH 
DIFFERENTIAL INPUT 

EQUIVALENT OF EACH ENABLE INPUT TYPICAL OF ALL OUTPUTS 

vcc------~------~-

4 kll 
NOM 

INPUT--'W~~ ___ "" 

VCC----------4..--

ENABLE~>-1H 

B,3 k[J 
NOM 

Copyright @ 1983, Texas Instruments Incorporated 
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TL712 
DIFFERENTIAL COMPARATOR 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage, any differential input .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Differential input voltage (see Note 2) ......................................... ±25 V 
Enable input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
low-level output current ................................................... 50 mA 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
lead temperature 1,6 mm (1116 inch) from case for 60 seconds: JG package. '" ........ 300 0 e 
lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ......... 260 0 e 

NOTES: 1. All voltage values. except differential voltages. are with respect to the network ground terminal. 
2. Differential voltage values are at the .noninverting terminal with respect to the inverting terminal. 

recommended operating conditions 

MIN 

Supply voltage, VCC 4.75 

Common-mode input voltage, VIC 

High-level output current, 10H 

Low-level output current, IOL 

Operating free-air temperature, T A 0 

electrical characteristics at Vee 
PARAMETER TEST CONDITIONS MIN 

VT Threshold voltage (VT + and VT - ) VICR = 0 to 5 V -TOOt 

Vhys Hysteresis (VT + - VT ) 

VOH High-level output voltage VID - 100 mY, 10H - -1 mA 2.7 

VOL Low-level output voltage VID = -100 mY, 10L = 16 mA 

10Z Off-state output current Vo = 2.4 V 

II Enable current VI = 5.5 V 

IIH High-level enable current VIH - 2.7 V 

IlL low-level enable current VIL = 0.4 V 

r; Differential input resistance 4 

ro Output resistance 

lOS Short-circuit output current -15 

ICC Supply current VID = 0, No load 

NOM MAX UNIT 

5 5.25 V 

±15 V 

-1 mA 

16 rnA 

70 °c 

TYP MAX UNIT 

100 mV 

5 mV 

3.5 V 

0.4 0.5 V 

-20 pA 

100 ~A 

20 pA 

--360 pA 

kll 

100 Il 
-85 mA 

17 20 mA 

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 

PARAMETER 

tpLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output 

TEST CONDITIONS 

TTL load (see Figure 1), 

See Note 3 

MIN TYP MAX 

25 

25 

NOTE 3: The response time specified is for a 100-mV input step with 5-mV overdrive (105 mV total). 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 

PARAMETER MEASUREMENT INFORMATION 

+5 V 

2 kG 

OUTPUT--....... --. 
IN4148 

FIGURE 1. TTL OUTPUT LOAD CIRCUIT 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERDRIVES 
OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERDRIVES 

Vee = 5 V 
TTL Load 
TA = 25°e 

If +~o mV + OVERDRIVE 
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DIFFERENTIAL COMPARATOR 
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TYPICAL CHARACTERISTICS 

COMMON-MODE 
PULSE RESPONSE 
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FIGURE 4 
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• Operates from a 5·V Supply 

• Self·Biasing Inputs 

• Hysteresis ... 10 mV Typical 

• Response Time ... 7 ns Typical 

• Maximum Operating Frequency ... 50 MHz 
Typical 

description 

The TL714C is a high-speed differential 
comparator fabricated with bipolar Schottky 
process technology. The circuit has differenti!jl 
inputs and a TTL-compatible logic output with 
symmetrical switching characteristics. 

The device operates from a single 5-V supply and 
is useful as a disk-memory read-chain data 
comparator. 

The TL 714C is characterized for operation from 
O°C to 70°C. 

schematic of inputs and output 

EACH INPUT 

VCC 

INPUT -'I\I'..-4Ht--" 
100 !l 

GND---'--+--' 

All resistor values shown are nominal. 

PRDDUCT/DI DATA dacumaollClollio ' .... mltl •• 
"" ... ot u of pu.IIClti." dllt. P .. d.1II •• n"rm to 

TL714C 
HIGH·SPEED DIFFERENTIAL COMPARATOR 

symbol 

o OR P PACKAGE 

ITOPVIEW} 

03131, DECEMBER 1988 

NCUB VCC 
IN- 2 7 NC 
IN+ 3 6 OUT 

NC 4 5 GND 

NC - No internal connection 

IN+=t>-OUT 
IN-

OUTPUT 

50 !l 

OUTPUT 

Copyright @ 1988, Texas Instruments Incorporated 
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TL714C 
HIGH-SPEED DIFFERENTIAL COMPARATOR 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Differential input voltage, VID (see Note 2) ...................................... ± 5 V 
Input voltage range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee to GND 
Low-level output current, IOL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 mA 
eontinuous total power dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 

NOTES: 1. All voltage values, except for differential voltage, are with respect to the network ground. 
2. Differential voltage values are at the noninverting tarminal with respect to the inverting terminal. 

DISSIPATION RATING TABLE 

PACKAGE 
TA:S 25·C DERATING DERATE TA - 70·C 

POWER RATING FACTOR ABOVETA POWERRAnNG 
0 500mW 5.8 mW/·C 64·C 464mW 
P 500mW N/A N/A 500mW 

recommended operating conditions 

PARAMETER MIN MAX UNIT 
Supply voltage, Vec 4.75 5.25 V 

1.4 
Common-mode input voltege, VIC to V 

VCC -1.4 
High-level output current. 10H -I mA 
Low-level output current, 10L 16 mA 
Operating free-air temperature, T A 0 70 ·C 

electrical characteristics over free-air operating temperature range, Vee - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VT Threshold voltage VIC = 1.4 V to 3.6 V ±20 mV 

Vhvs Hysteresis (VT + - VT-I 2 10 20 mV 

VOH High-level output voltage VIO = 100 mV, I_OH = -1 mA 2.7 3.4 V 

VOL Low-level output voltage VID = -100mV, 10L =,t8mA 0.4 0.5 V 

lOS Short-circuit output current -15 -85 mA 

ri Differential Input raslstance 2.9 kD 

ro Output resistance 100 0 

ICC Supply current VID -0, 10 = 0 7 20 mA 

t All typical values are at T A = 25 ·C. 

switching characteristics, Vee - 5 V, TA - ~5°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

fmax Maximum operating frequency 
VID = ±250 mV, tr = tf = 4 ns, 

50 MHz 
CL = 25 pF, Input duty cycle = 50% 

tpLH Propagation delay time, low-to-high-Ievel output VID = ± 100 mV, CL = 25 pF, 7 25 ns 

tpHL Propagation delay tima, high-to-Iow-Iavel output Sea Figures 1 and 2 7 25 ns 

tr Rise time VID = ±1oo mV, CL = 25 pF, 4 8 ns 

tf Fall time See Figure 3 4 8 ns 
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TL714C 
HIGH-SPEED DIFFERENTIAL COMPARATOR 

PARAMETER MEASUREMENT INFORMATION 

.c:::--- 100 mV 

VIO ----E ~O~ _____ _ 
T---------100mV 

~tPLH 

I r----VOH 

Vo l~~ ___ Vo< 

FIGURE 1. PROPAGATION DELAY TIME, 
LOW TO HIGH (tPLHI 

50%\------- 100mV 

I . -100 mV 

tPHL~ 

,.,---- VO' 

\0.--- VOL 

Vo 

FIGURE 2. PROPAGATION DELAY TIME, 
HIGH TO LOW (tPHLl 

\ ______ 100mV 

\.. ______ 100mV 

~tr ~tf 

Vo 

Ii t'r2-.4-V------2.-4-V"'\\ !----VOH 

~~V ~5~ 
------' '----- VOL 

FIGURE 3. RISE AND FALL TIMES (tr, tfl 
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• Operatas from a - 6.2-V Power Supply 

• Salf-Blased Inputs 

• Common-Mode Input Voltaga Range 
o V to -6.2 V 

• MECL III and MECL 10 000 Compatible 

• Complementary ECL-Compatlble Outputs 

• Hysteresis .•. 6 mV Typ 

• Response Times ••• 10 ns Typ 

description 

The Tl721 is a high-speed voltage comparator 
fabricated with bipolar Schottkyt process 
technology. The circuit has differential analog 
inputs and complementary Eel-compatible logic 
outputs with symmetrical switching 
characteristics. The device operates from a 
single - 5.2-volt supply and is useful as a disk 
memory read-chain data comparator. 

The Tl721 is characterized for operation from 
ODe to 70De. 

symbol 

TL721 
DIFFERENTIAL COMPARATOR 

02781. FEBRUARY 1984-REVISEO OCTOBER 1988 

D. JO. OR P PACKAGE 
(TOPVIEWI 

NC[]8 GND 
IN- 2 7 OUT-
IN+ 3 6 OUT+ 

NC 4 5 VCC 

NC - No internal connection 

OUT-

OUT+ 

t'ntegrated Schottky·Barrier diode-clamped transistor is patented by Texas Instruments. U.S. Patent Number 3,463.975. 

Copyright @ 1984. Texas Instruments Incorporated 
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TL721 
DIFFERENTIAL COMPARATOR 

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

Supply voltage, Vee (see Note 1) ............................................. - 7 V 
Input voltage, any differential input .,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 V 
Differential input voltage (see Note 2) ......................................... ± 25 V 
Low-level output current ................................................... 50 mA 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package. . . . . . . . . . .. 300 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ......... 260 0 e 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltage values are at the noninverting terminal with respect to the inverting terminal. 

recommended operating conditions 

MIN 

Supply voltage, VCC 

Common-mode input voltage, VIC 

High·level output current, IOH 

NOM 

-5.2 

MAX UNIT 

V 

±7 V 

-1 mA 

Low·level output current, IOL 16 mA 

Operating free-air temperature, T A 0 70 ·C 

• electrical characteristics at T A ... 25 DC, VCC ... -5.2 V 

< o 
::+ 
I» 

CQ 
CD 

o o 
3 
'C 
I» 

VT 

Vhvs 

VOH 

VOL 

VICR 

qn 
ICC 

PARAMETER TEST CONDITIONS 

Threshold voltage (VT + and VT - ) VIC = VICR min 
Hysteresis (VT + - VT-) 

High·level output voltage VID - 100 mV, RL - 50 Il to -2 V 

Low·level output voltage VID = -100 mY. RL=50Ilto-2V 

Common-mode input voltage range 

Input resistance 

Supply current VID - 0, No load 

MIN TYP MAX UNIT 

-100 t 100 mV 

5 mV 

-0.96 t -0.81 V 

-1.85t -1.65 V 

0 

to V 

-5.2 

4 kll 

-13 -17 mA ; 
.... t The algebraic convention, in which the more negative limit is designated as minimum, is used in this data sheet for input threshold and 
~ output voltage levels only. 

rn 
switching characteristics at TA = 25 DC, VCC .. -5.2 V 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpLH Propagation delay time, low·to·high·level output aVID = +200 mV to -200 mV or 18 ns 
-200 mV to +200 mV, 

tpHL Propagation delay time, high·to·low·level output RL = 50 Il to -2V 18 ns 
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TL721 
DIFFERENTIAL COMPARATOR 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSES FOR VARIOUS 
INPUT OVERDRIVES 

Vee - -5.2 V 
RL - SO Il to -2 V 
TA - 2soe 

V 100 mV + }JERdRIVJ-

10 mV-

" 1/11 It-
20mV-'..J ~~ r.----

II II / 
./. 

o 10 20 
t-Time-ns 

FIGURE 1 
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COMMON-MODE 

PULSE RESPONSE 

OUTPUT RESPONSES FOR VARIOUS 

INPUT OVERDRIVES 

Vee - -5.2 V 
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TLC339M, TLC3391, TLC339C 
QUADRUPLE MICROPOWER LinCMOSTN COMPARATORS 

• Very Low Power ... 200 .... W Typ at 5 V 

• Fast Response Time ... 2.5 !ls Typ with 
5 mV Overdrive 

• Single Supply Operation: 
TLC339M ... 4 V to 16 V 
TLC3391 ... 3 V to 16 V 
TLC339C .•. 3 V to 16 V 

• High Input Impedance ... 1012 n Typ 

• Input Offset Voltage Change at Worst Case 
Input Condition Typically 0.23 !lV/Month 
Including the First 30 Days 

• On-Chip ESD Protection 

description 

The TLC339 consists of four independent 
differential-voltage comparators designed to 
operate from a single supply. It is functionally 
similar to the LM339 but uses 1/20th the power 
for similar response times. The open-drain MOS 
output stage will interface to a variety of loads 
and supplies, as well as "wired" logic functions. 
For a similar device with a push-pull output 
configuration, see the TLC3704 data sheet. 

Texas Instruments LinCMOS'· 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 bial1 

TLC339M ... J PACKAGE 
TLC3391. TLC339C ... D. J. OR N PACKAGE 

(TOP VIEW) 

COMP # 1 OUT COMP #3 OUT 

COMP #2 OUT COMP #4 OUT 

VDD GND 
COMP 1 )N- IN+ I COMP 

#2 IN+ IN- #4 
COMP ! IN- IN+ I COMP 

# 1 IN+ IN - #3 

TLC339M ... FK PACKAGE 
ITOP VIEW) 

1-1- 1-1-
:::J:::J :::J:::J 
00 00 
N~U"'<t 
:tt::tt:z::tt:::t:I: 

3 2 1 20 19 

9 10 11 12 13 

I + U I + 
~~z~~ 

"'''' "I:t:::tt: ::tt:::tI:: 

NC - No internal connection 

symbol (each comparator) 

18 

17 

16 

15 

14 

NONINVERTING=C>-
INPUT IN + OUTPUT 
INVERTING 
INPUT IN-

AVAILABLE OPTIONS 

PACKAGE 

TA VIOmax SMALL CHIP CERAMIC PLASTIC 
at 25'C OUTLINE CARRIER DIP DIP 

(D) (FK) (J) (N) 

O'C 

10 SmV TLC339CD - TLC339CJ TLC339CN 

70'C 

-40'C 

to SmV TLC3391D - TLC3391J TLC3391N 

8S'C 

-SS'C 

to SmV - TLC339MFK TLC339MJ -

12S'C 

The D package is available taped and reeled. Add the suffix R to the device 
Iype when ordering. (e.g .• TLC339CDR) 

LinCMOS is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA documonts contoin informotion 
currant as of publication data. Products conform to 
specifications per the tarms of Taxas Instruments 

~~~::~~i~ai~:1~1~ ~!::~ti:r :1~O::~::::t::'s~S not 
TEXAS "'!1 

INSTRUMENTS 
POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

Copyright © 1986, Texas Instruments Incorporated 
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TLC339M, nC3391, nC339C 
QUADRUPLE MICROPOWER linCMOS11I COMPARATORS 

description (continued) 

currents, the LinCMOS'" 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. 

The TLC339M is characterized for operation over the full military temperature range of -55'C to 125·C. The 
TLC3391 is characterized for operation over the extended industrial temperature range of -40'C to 85·C. The 
TLC339C is characterized for operation over the commercial temperature range of O'C to 70·C. 

schematic 

OPEN-DRAIN CMOS OUTPUT 

r----10UTPUT 

--J9 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 18 V 
Differential input voltage (see Note 2) .......................................... ±18 V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VDD 
Output voltage, Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VDD 
Input current, II ......................................................... ±5 rnA 
Output current, 10 (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 rnA 
Total supply current into VDD terminal ......................................... ; 40 rnA 
Total current out of ground terminal ........................................... 60 mA 
Continuous total dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range: TLC339M ........................... -55'C to 125'C 

TLC3391 ............................. -40'C to 85'C 
TLC339C .............................. 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: D or N package . . . . . . . . . . .. 260'C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............... 300'C 

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. 

DISSIPATION RATING TABLE 

PACKAGE 
TA:S 25'C DERATING FACTOR TA" 70'0 TA - 85'C TA" 125'C 

POWER RATING ABOVE TA = 25'C POWER RATING POWER RATING POWER RATING 

D 950mW 7.SmWrC S08mW 494mW 

FK 1375mW 11.0 mwrC 880mW 715mW 275mW 

J (TLC339M) 1375mW 11.0mWrC 880mW 715mW 275mW 

J (TLC3391 & C) 1025 mW 8.2mWrC 65SmW 533mW 

N 1150mW 9.2mWrC 736mW 598mW 
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TLC339M 
QUADRUPLE MICRO POWER LinCMOS'II! COMPARATORS 

recommended operating condltloris 
MIN NOM MAX UNIT 

Supply voltage, Voo 4 5 16 V 
Common-mode input voltage, VIC a YOO-l.S V 
Low-level output current, IOL 20 mA 
Operating free-air temperature, T A -55 125 'C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONOITIONSt MIN TYP MAX UNIT 

VIC = VICRmln, 25'C 1.4 5 

VIO Input offset voltage VOO = 5Vto 10V, 
-55'C to 125'C 10 

mV 
See Note 3 

Input offset current 
25'C 1 pA 

110 VIC = 2.5V 
125'C 15 nA 

liB Input bias current VIC = 2.5V 
25'C 5 pA 
125'C 30 nA 

25'C 
Oto 

VICR 
Common-mode Input YOO-l 

V 
voltage range 

-55'C to 125'C 
010 

YOO-1.5 

25'0 84 
CMRR Common-mode rejection retio VIC = VICRmin 125'C 84 dB 

-55'C 84 
25'C 85 

kSVR Supply voltage rejection ratio VOO = 5Vto 10V 125'C 84 dB 
-55'C 84 

VIO = -1 V, 25'C 300 400 
mV VOL Low-level output voltage 

IOL=6mA 125'C 800 

VIO= 1 V, 25'C 0.8 40 nA 
IOH High-level output current 

VO=5V 125'C 1 I/-A 
Supply current 25'C 44 80 

f,IA 100 (four comparators) 
No load, Outputs low 

-55'C to 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-kO load to 

VOO· 
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nC3391 
QUADRUPLE MICROPOWfR LinCMOSTM COMPARATORS 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VDD 3 S 16 V 

Common·mode input voltage, VIC -0.2 VOO-I.S V 

Low·level output current, 10L 8 20 mA 

Operating free·air temperature, T A -40 8S 'c 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

• < o 
;::;' 
I» 

CC 
CD 

o o 
3 
"0 
I» .. 
I» .... 

VIO 

110 

liB 

VICR 

CMRR 

kSVR 

VOL 

10H 

IDD 

PARAMETER 

Input offset voltage 

Input offset current 

Input bias current 

Common·mode input 

voltage range 

Common·mode rejection ratio 

Supply voltage rejection ratio 

Low·level output voltage 

High·level output current 

Supply current 

(four comparators) 

TEST CONDITIONSt 

VIC = VICRmin, 

VDD = SVto 10V, 

See Note 4 

VIC = 2.SV 

VIC = 2.SV 

VIC = VICRmin 

VDD=SVtoIOV 

VID - -I V, 

IOL=6mA 

VID= I V, 

Vo = SV 

No load, Outputs low 

MIN TYP 

2S'C 1.4 

-40'C to 8S'C 

2S'C I 

8S'C 

2S'C S 

8S'C 

2S'C 
010 

VOO-I 

-40'C to 8S'C 
010 

VOO-I.S 

2S'C 84 

8S'C 84 

-40'C 84 

2S'C 85 
8S'C 85 

-40'C 84 

2S'C 300 

8S'C 

2S'C 0.8 

8S'C 

2S'C 44 

-40'C to 8S'C 

o t All characteristics are measured with zero common·mode voltage unless otherwise noted. 
UJ NOTE 4: The offset voltage limits given are the maximum values required to drive the output up to 4.S V or down to 0.3 V. 
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MAX UNIT 

S 

7 
mV 

pA 

I nA 
pA 

2 nA 

V 

dB 

dB 

400 

700 
mV 

40 nA 

I IIA 
80 

I1A 
12S 



TLC339C 
QUADRUPLE MICROPOWER LinCMOS1III COMPARATORS 

recommended operatIng conditIons 
MIN NOM MAX UNIT 

Supply voltage, VOO 3 5 16 V 
Common-mode Input voltage, VIO -0.2 Yee-1.e V 
Low-level output current, 10L 8 20 mA 
Operating free-air temparature, TA 0 70 'C 

electrIcal characterIstIcs at specIfIed operatIng free-aIr temperature, Voo = 5 V (unless otherwIse 
noted) 

PARAMETER TEST CONDITIONSt MIN TVP MAX UNIT 

VIC = VICRmin, 25'0 1.4 5 

VIO Input offset voltage VOO = 5Yto 10V, 
0'01070'0 6.5 

mV 
See Note 4 

110 Input offset current VIC = 2.5V 
25'0 1 pA 
70'0 0.3 nA 

liB Input bias current VIC = 2.5V 
25'0 5 pA 
70'C 0.6 nA 

25'0 
ate 

YICR 
Common-mode input vee-1 

V 
voltage range 

0'Ct070'0 
Oto 

Yee-1.S 
25'C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 70'C 84 dB 
O'C 84 
25'C 85 

kSVR Supply voltage rejection ratio VOO=5Vtol0V 70'C 85 dB 
O'C 85 

VOL Low-level output voltage 
VIO - -1 V, 25'C 300 400 

mV 
IOL= 6mA 70'C 850 

10H High-level output current 
VIO= 1 V, 25'0 0.8 40 nA 
VO=5V 70'C 1 IIA 

100 
Supply current 

No load, Outputs low 
25'C 44 80 

IIA (four comparators) 0'0 to 70'C 100 

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. 
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TLC339M. TLC3391. TLC339C 
QUADRUPLE MICROPOWER LiflCMOSlM COMPARATORS 

switching characteristics, VOO = 5 V, TA = 25'C (see Figure 3) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Overdrive = 2 mV 4.5 

Overdrive = 5 mV 2.5 
1= 10kHz, Overdrive = 10 mV 1.7 

tpLH Propagation delay time, low-to-high level output CL= 15pF 
Overdrive = 20 mV 1.2 /.IS 

Overdrive - 40 mV 1.0 

V, = 1.4 V step atlN+ pin 1.1 

Overdrive - 2 mV 3.6 

Overdrive = 5 mV 2.1 
1= 10kHz, Overdrive = 10 mV 1.3 

tpHL Propagation delay time, high-to-Iow level output CL= 15pF 
Overdrive - 20 mV 0.85 

IlS 

Overdrive - 40 mV 0.55 

VI = 1.4 V step atlN+ pin 0.10 

trHL Trans~ion time, high-to-low level output 
I-10kHz, 

Overdrive = 50 mV 20 
CL= 15pF 

ns 

PARAMETER MEASUREMENT INFORMATION 

The TLC339 contains 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 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 VICR test, rather than changing the input voltages, to provide greater 
accuracy. 

i 
APPLlEO VIO 

LIMIT 

~ 

5V 

i 
APPLIED VIO 

LIMIT 

1 

1 V 

(8) VIO with v'C = 0 v (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 will change states. 
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nCll9M, nCll91, nCll9C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 

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 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 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 
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, RS, R9, and R10 can significantly influence the accuracy of the reading; therefore, it is 
suggested that their tolerance level. be 1 % or lower. 

voo R5 C3 0.68,.F 
1.8 kll. 1% 

R6 U1C 
5.1 kll 1/4 TlC274CN 

R7 vlO 
1 Mil (X1001 

RS INTEGRATOR 
C4 1.S kll. 1% r O.1 ,.F 

U1A 
1/4 TLC274CN 

C1 
0.1,.F TRIANGLE 

GENERATOR R9 
R10 10 kll. 1% 

R2 10011.1% 

R3 
10 kll 

100 kll 

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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TLC339M. TLC3391. TLC339C 
QUADRUPLE MICROPOWER LinCMOSTM COMPARATORS 

PARAMETER MEASUREMENT INFO.RMATION 

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-hlgh-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 105-mV or 5-mV 
overdrive, will cause the output to change state. 

1V----, 

INPUT OFFSET VOLTAGE 
COMPENSATION ADJUSTMENT 

-1V--......I 

VDD 

TEST CIRCUIT 

OVERDRIVE 

±t-----i. INPUT T 100 mV 
I-----f 
I 

Jf I 
LOW·TO·HIGH· I 
LEVEL OUTPUT I 50% I 

I I 
I I 
~tpLH 

~
VERDRIVE 

INPUT 100 mV i 
f ------ I 

I 

HIGH·TO·LOW· 
LEVEL OUTPUT 

I 
I 
I I 
I I I 

: -+l : 14- tTHL 

~tpHL 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

FIGURE 3. PROPAGATION DELAY, RISE, AND FALL TIMES 
CIRCUIT AND VOLTAGE WAVEFORMS 
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TLC339M, TLC3391, TLC339C 
QUADRUPLE MICRO POWER LinCMOSTM COMPARATORS 

TYPICAL CHARACTERISTICS t 

DISTRIBUTION OF INPUT 
OFFSET VOLTAGE 

Voo - 5 V 
VIC - 2.5 V 
TA - 25·C -

- ~ m In. 

'" c 
I 
E 
~ 
:::I 
U .. 
iii 
= CI. 
..5 
I 
~ 

r--

10 

0.1 

0.01 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

FVOO - 5 V 
~VIC - 2.5V 

/ 

./ 

./" 

f 

/ 

-5 -4 -3 -2 -1 0 2 3 4 5 
0.001 

25 50 75 100 125 

III 
"tI 

90 

I 89 

~ 88 

I :: 
"8 85 

::E 84 
S 
~ 83 

<3 82 
I 

a: 
~ 81 
u 

80 

Vlo-lnput Offset Voltage-mV 

FIGURE 4 

COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

I I 
f-VOO - 5 V 

~ 

-75 -50 -25 o 25 50 75 100 125 

TA-Free-Air Temperature-·C 

FIGURE 6 

III 
"tI 

90 

I 89 
o 
~ 88 

5 87 
'fi .. "I 86 

.. 85 

f 84 

i 83 
:::I 'f 82 
a: 
~ 81 

80 

TA-Free-Air Temperature-·C 

FIGURE 5 

SUPPLY VOLTAGE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 

I I I I 
f-- VOO - 5 V to 10 V 

-r--

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-·C 

FIGURE 7 

t Oata at high and low temperatures are applicable only within the rated operating free-air. temperature ranges of the various device •. 
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nC339M, nC3391, nC339C 
QUADRUPLE MICROPOWER LinCMOS™ COMPARATORS 
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TYPICAL CHARACTERISTICS t 

1000 

100 

10 

0.1 

1.25 

HIGH-LEVEL OUTPUT CURRENT 
vs 

HIGH-LEVEL OUTPUT VOLTAGE 

TA = 125°C I 
I--

TA = 85°C I==:::;; 

- TA - 70°C == 

TA = 25°C r--

VOH - VOO 

o 2 4 6 8 10 12 14 16 

VOH-High-Level Output Voltage-V 

FIGURE 8 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

o. 75 f-+-+-+---hlY---7+-~Y-+---l 

2 4 6 8 10 12 14 16 18 20 

IOL -Low-Level Output Current-mA 

FIGURE 10 

<I: c 
1-c 
" :: 
::I 
0 

~ go 
::I 
0 
"ii 
> 
" .... 
i:. 
."g! 
X 
I 
X 
S; 

> 
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] 
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1000 

HIGH-LEVEL OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

Voo - VOH - 5 V 

100 

10 

0.1 
25 

600 

500 

400 

300 

200 

100 

o 

./ 

V 

/' 

7' 

/' 

50 75 100 

T A - Free-Air Temperature- °C 

FIGURE 9 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I 1 
Voo - 5 V 

125 

IOL=6mA V 
./ 

./ 
V 

.,/ 
V 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature- °C 

FIGURE 11 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the v.arlous devices. 
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nC339M. nC3391. nC339C 
QUADRUPLE MICROPOWER LinCMOSTN COMPARATORS 

TYPICAL CHARACTERISTICS t 

SUPPLY CURRENT 
vs 

SUPPLY VOLT AGE 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

1 .1 I. I .! 
Outputs low TA· X 

80 I 1 
VOO - 5 V 

No load 70 No load 

.,./ y 
".,""" ---

...-- 2~OC 
~ ,.......,..- -b:-j:; 

V :,....--~ --r-::: 
Il~ 0-: 125°C 

~~ 

'" 60 II. 
1 

t 50 § 
u 40 >-
15. 

'" :I 30 I/) 

1 
0 

20 9 

"'" "'- i'... OUTPUTS LOW 
r--... I I I 

"l--i--r-- OUTPUTS HIGH --- -'-20 

10 lJ 10 
-, 

o 
o 

6 

5 

4 

3 

2 

o 
o 

2 4 6 8 10 12 

VOO-Supply Voltage-V 

FIGURE 12 

LOW-TO-HiGH-LEVEL 
OUTPUT RESPONSE TiME 

vs 
SUPPLY VOLTAGE 

CL • 15 pF 
RL • 5.1 kll (Pullup to Vool 
TA • 25°C 

I -

14 16 

OVERDRIVE - 2 mV 

~mv 
- 1 

10 mV 

- 20 mV-

--:::: ,...-...- 40

l
mv -

2 4 6 8 10 12 14 16 

VoO-Supply Voltage-V 

FIGURE 14 

.. 
II. 
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- GO .. E 
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-t >­
ii:.!!! o GO 
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-75-50 -25 o 25 50 75 100 125 

5 

4.5 

4 

3.5 

3 

2.5 

2 

1.5 

0.5 

o 

TA-Free-Air Temperature- °C 

FIGURE 13 

HIGH-TO-LOW-LEVEL 
OUTPUT RESPONSE TiME 

vs 
SUPPLY VOLTAGE 

CL - 15 pF 
RL - 5.1 kll (Pullup to VOOI 
TA - 25°C -~ 

~ .~ 
OVERDRIVE - 21mv 1-

- 15mJ_ 

110mvl -

20mV-

40 mV 

o 2 4 6 8 10 12 14 16 

VOO-Supply Voltage-V 

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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nC339M, nC3391, nC339C 
QUADRUPLE MICROPOWER LinCMOSlMCOMPARATORS 
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TYP.ICALCHARACTERISTICS 

LOW-TO-HIGH-LEVEL OUTPUT 
PROPAGATION DELAY 

OUTPUT FALL TIME 
vs 

FOR VARIOUS OVERDRIVE VOLTAGES SUPPLY VOLTAGE 

50r--+--~--~--r-~---+--;-~ 

4OmV-
20 mV-1--
10mV- ~ 

5 mV 
2mV ~ 

~ 30r-~~~~~~~~~-+--~~ 

.!. 
20r-~---r--~--t-~---+--~~ 

VOO - 5 V 
CL-15pF 
RL - 5.1 kO IPuliup to VOOI RL - 5.1 kO IPuliup to VOOI 

TA - 25°C TA - 25°C 
O~~ __ ~~ __ ~ __ ~~ __ ~~ 

o 2 3 4 5 o 2 4 6 8 10 12 14 16 

tpLH -Low-TO-High-Level 
Output Propagation Oelay Time-its 

VOO-Supply Voltage-V 

FIGURE 16 

s> 
&1 
~ ., 
001 
I~ 
0 0 
» 

5 

o 

FIGURE 17 

HIGH-TO-LOW-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS OVERDRIVE VOLTAGES 

40 mV--' 
20 mV--
10 mV 
5mV 
2 mV 

VOO - 5 V 
CL - 15 pF 
RL - 5.1 kO IPuliup to VOOI 
TA m 25°C 

1 

o 2 3 4 

tpHL -High-To-Low-Level Output 
Propagation Oelay Time-its 

FIGURE 18 

5 
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TLC339M, TLC3391, TLC339C 
QUADRUPLE MICRO POWER LinCMOSTM COMPARATORS 

TYPICAL APPLICATION DATA 

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 will not be 
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 VOO = 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 IJ.F) pOSitioned as close to the 
device as possible. 

Be careful to note the output and supply current limitations since the TLC339 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 of the four outputs simultaneously since 
the total current to ground would be 80 mA. 

The TLC339 has internal ESO protection circuits that will 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. 

12 V 
1/4 TLC339 

5V-"""'-_---i 
10 kO 

10 kO 

5V 

5.1 kO 

1/4 
TLC339 

MOTOR SPEED CONTROL 
POTENTIOMETER 

5V 

'------t~ 10 kO 

DIRECTION 
CONTROL 

5V 

! 

12 V 

SN75603 

HALF-H DRIVER 

12 V 
MOTOR 

SN75604 

HALF-H DRIVER 

NOTES: A. The recommended minimum capacitance is 1 0 ~F to eliminate common ground switching noise. 
B. Select Cl for change in oscillator frequency. 

FIGURE 19. PULSE-WIDTH-MODULATED MOTOR SPEED CONTROLLER 
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TLC339M, TLC3391,TLC339C 
QUADRUPLE MICROPOWER LinCMOSTM COMPARATORS 

TYPICAL APPLICATION DATA 

• MONITORS 5-V RAIL 
• MONITORS 12-V RAIL 
• EARLY POWER FAIL WARNING 

12 V 
SENSE 3.3 kll 

1 kll 

":" 

2.5V 

Rl 
VUNREG 
(See Note A) 

R2 

(Rl +R2) 
NOTES: A. VUNREG = 2.5.--"R2 

5V 

12 V 

5.1 kll 
Vee 

RESIN 

REF 

5.1 kll 

TO "p INTERRUPT 
"EARLY POWER FAIL" 

":" 

B. The value of Ct determines the time delay of reset. 

SENSE 

TL7705A RESET 

GND 

Note B) 

5V 

10 kll 

1-_~_TOl'P 
RESET 

FIGURE 20, ENHANCED SUPPLY SUPERVISOR 

12 V 

12 V 

5.1 kll 

100 kll 

22 kll 

100 kll 100 kll 

12 V 

Cl I o.ol1'F 
(See 

":" Note A) 

NOTES: A. Select C 1 for a change in oscillator frequency where: 
llf = 1.85 (100 kll)Cl 

B. Select Rl and R3 to change duty cycle 
C. Select R2 to change deadtime. 

Rl 
100 kll 
(See Note B) 

R2 
5 kll 
(See 
Note e) 

R3 
100 kll 
(See Note B) 

12 V 

5.1 kll 

OUTPUT 1 

12V 

5.1 kll 

>-.... -- OUTPUT 2 

OUTPUT1~ 
I I 

I 
I 
I 

OUTPUT 2 -, I r 
FIGURE 21. TWO-PHASE NONOVERLAPPING CLOCK GENERATOR 

3-102 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 



• Single- or Dual-Supply Operation 

• Wide Range of Supply Voltages ... 1.4 V 
to 18 V 

• Very Low Supply Current Drain 
150 p.A Typ at 5 V 
65 pA Typ at 1.4 V 

• 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 p.V/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 
LinCMOS" technology and consists of two 
independent voltage comparators, each 
designed to operate from a single power supply. 
Operation from dual supplies is also possible so 
long as the difference between the two supplies 
is 1 .4 V to 18 V. Each device features extremely 
high input impedance (typically greater 
than 1012 !l), 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 TLC352 to 
operate from a l.4-V supply makes this device 
ideal for low-voltage battery applications. 

TLC352M. TLC3521. TLC352C 
LinCMOS™ DUAL DIFFERENTIAL COMPARATORS 

02901. SEPTEMBER 1 9B5- REVISED FEBRUARY 1989 

TlC352M ... JG PACKAGE 
TlC3521. TLC352C ... D. JG. OR P PACKAGE 

(TOP VIEWI 

COMP{?NU~D1 ~ ~e~} 
# 1 IN + 3 6 IN _ COMP 

GND 4 5 IN+ #2 

TlC352M ... FK PACKAGE 

(TOP VIEWI 

3 2 1 20 19 

NC 4 18 

# 1 IN- 5 17 

NC 6 16 

#1 IN+ 7 15 

NC 8 14 

9 1011 12 13 

ucu+u 
ZZZZZ 

(!) -
N .. 

NC - No internal connection 

symbol leach comparator) 

NONINVERTING =t>--­
INPUT IN+ 

INVERTING OUTPUT 

INPUT 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 TLC352M is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The TLC3521 is characterized for operation over the industrial temperature range of - 40°C to 85 DC. The 
TLC352C is characterized for operation from DoC to 70°C. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1985. Texas Instruments Incorporated 
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TLC352M, TLC3521, TLC352C 
LinCMOSlMDUAL DIFFERENTIAL COMPARATORS 

equivalent schematic (each comparator) 
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TA 
VIO MAX 
AT 25°C 

O°C 

to 5 mV 

70°C 

-40°C 

to 5 mV 

85°C 

-55°C 

to 5 mV 

125°C 

TLC352M. TLC3521. TLC352C 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

AVAILABLE OPTIONS 

PACKAGE 

SMALL-OUTLINE CHIP-CARRIER CERAMIC DIP PLASTIC DIP 
(01 (FKI (JGI (PI 

TLC352CD - TLC352CJG TLC352CP 

TLC3521D - TLC3521JG TLC3521P 

- TLC352MFK TLC352MJG -

o packages are availabe taped and reeled_ Add "R" suffix to device type when ordering (e.g .• 
TLC352CDfll. 

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

Supply voltage, VDD (see Note 1) . _ ... _ ... __ . _ .................. _ .............. 18 V 
Differential input voltage, VID (see Note 2) ... _ .... _ ............ _ ....... _ . _ . . . .. ± 18 V 
Input voltage, VI .. _ ..... _ . _ ................. - _ .. _ . _ .......... - . - ...... - ... - VDD 
Input voltage range ...... _ .......... _ .............. _ . _ ....... _ .... _ - 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 dissipation _ ...................... _ .... _ .. _. See Dissipation Rating Table 
Operating free-air temperature range: TLC352M ........... _ ........ _ . . .. - 55°C to 125°C 

TLC3521 _ .. _ . _ . . . . . . . . . . . . . . . . . . . .. -40°C to 85°C 
TLC352C ............................. OOC to 70°(; 

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 

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 VOO can cause excessive heating and eventual device destruction. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25°C DERATING DERATE TA - 70°C TA - B50C TA - 125°C 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 

0 500mW 5.8 mWloC 64°C 464mW 377 mW NIA 

FK 500 mW 11.0 mWloC 104°C 500 mW 500 mW 275 mW 

JG (TLC352MI 500mW 8.4 mWloC 90°C 500 mW 500 mW 210mW 

JG (TLC3521, TLC352CI 500 mW 6.6 mWloC 74°C 500 mW 429 mW NIA' 

P 500mW NIA NIA 500 mW 500 mW NIA .. 
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recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MIN 
UNIT 

MAX MIN NOM MAX NOM MAX 

Supply voltage, VOO 4 16 3 16 3 16 V 

I VOO = 5 V 0 3.5 0 3.5 0 3.5 
Common-mode input voltage, VIC I V 

VOO = 10V 0 8.5 0 8.5 0 8.5 

Operating free-air temperature, T A -55 125 -40 85 0 70 ·c 

electrical characteristics at specified free-air temperature. VOO = 1.4 V (unless otherwise noted) 

TEST CONDITIONS t 
TLC352M TLC3521 TLC352C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TVP MAX 

25°C 2 5 2 5 2 5 
VIO Input offset voltage VIC = VieR min, See Note 4 mV 

Full range 10 7 6.5 

25°C 1 1 1 pA 
110 Input offset current 

MAXTA 10 1 0.3 nA 

25°C 5 5 5 pA 
lIB Input bias current 

MAXTA 20 2 0.6 nA 

Common-mode input Oto Oto o to 
VICR Full range V 

voltage range 0.2 0.2 0.2 

Low-level 25°C 100 200 100 200 100 200 
VOL VID = -0.5 V, 10L = 0.6 rnA mV 

output voltage Full range 200 200 200 

low-level 
10L VID = -0.5 V, VOL = 0.3 V 25°C 1 1.6 1 1.6 1 1.6 rnA 

output current 

Supply current 25°C 65 150 65 150 65 150 
100 VOO = 0.5 V, No load .A 

(two comparators) Full range 200 200 200 

t All characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is -55°C to 125°C for TLC352M. O°C to 70 0 e for TLC352C, and -40°C 
to 85°C for TLC3521. 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. The't 

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) 

TEST CONDITIONst 
TLC352M TLC3S21 TLC352C 

PARAMETER 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 10 7 6.5 

25°C 1 1 1 pA 
110 Input offset current 

MAXTA 10 1 0.3 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAXTA 20 2 0.6 nA 

010 010 010 
25°C 

VICR 
Common-mode input VOO-l VOO-l VOO-l 

V 
voltage range 010 010 010 

Full range 
VOO-l.5 VOO-l.5 VOO-l.5 

High-level I VOH - 5 V 2SoC 0.1 0.1 0.1 nA 
10H 

output current 
VIO = 1 V I VOH=15V Full range 1 1 1 ,.A 

Low-level 25°C 150 400 150 400 150 400 
VOL VIO = -1 V. 10L = 4mA mV 

output voltage Full range 700 700 700 

low-level 
10L V'O=-IV. VOL = 1.5 V 25°C 6 16 6 16 6 16 mA 

output current 

Supply current 2S oC 0.15 0.3 0.15 0.3 0.15 0.3 
100 VOO = 1 V. No load .A 

Itwo comparators) Full range 0.4 0.4 0.4 

tAli characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is -55°C to 125°C for TlC352M, aoc to 70°C for TlC352C, and -40°C 
to 85°C for TLC3521. 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 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. T A = 25 DC 

I PARAMETER I TEST CONDITIONS I MIN TVP MAX I UNIT I . I RL connected to 5 V through 5.1 kO. I l00-mV input step with 5-mV overdrive I 650 I I Response time CL = 15 pF*. See Note 5 I TTL-level input step I 200 I 
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 1.4 V. 

Voltage Comparators III 
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TLC352M, TLC3521, TLC352C 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

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 (b) for the VICR 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 will change states. 

5V 1 V 

(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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TLC362M, TLC3621, TLC352C 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

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 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 invarting 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 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 R1 0 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 I'F 

U1b 
1/4 TLC274CN C2 

U1. 
1/4 TLC274CN 

TRIANGLE 
GENERATOR 

R2 
10 kll 

voo R5 
1.a kll. 1% C30.6BI'F 

R6 U1c 
5.1 kll 1/4 TLC274CN 

R7 
1 Mil 

RB 
INTEGRATOR 

-=- 1.B kll. 1% C4 

JO.1I'F 

R9 
R10 10 kll. 1% 
100 Il. 1% 

FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 
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TLC352M, TLC3521, TLC352C 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

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 meCisurement at low input signal levels can be greatly 
affected by the input offset voltage. The offset voltage should be balanced by the adjustment atthe 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, will cause the output to change state. 

PULSE 
GENERATOR 

lV-----, 

VDD 

INPUT OFFSET VOLTAGE 
COMPENSATION ADJUSTMENT 

10 !l 
10 TURN >oII1-W<..-.... --' 

-1 V-----' 

TEST CIRCUIT 

OVERDRIVE 

INPUT ;==-r---t 
I----f 
I 100 mV 

LOW-TO-HIGH­
LEVEL OUTPUT 

I 
I 
I 
1 50% 
I 
I I I 
I~tr 

tPLH~ 

l OVERDRIVE 

INPUT ----, I 
f---I:==t 

100 mV : f 
I 

HIGH-TO-LOW­
LEVEL OUTPUT 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

FIGURE 3. RESPONSE, RISE, AND FALL TIMES CIRCUIT AND VOLTAGE WAVEFORMS 
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TLC354M, TLC3541, TLC354C 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

• Single- or Dual-Supply Operation 

• Wide Range of Supply Voltages ... 1.4 V 
to 18 V 

• Very Low Supply Current Drain 
300 p.A Typ at 5 V 
130 p.A Typ at 1.4 V 

• Built-In ESD Protection 

• High Input Impedance ..• 1012 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 p.V/Month. 
Including the First 30 Days 

• Common-Mode Input Voltage Range 
Includes Ground 

• Outputs Compatible with TTL. MOS. and 
CMOS 

• Pin-Compatible with LM339 

description 

This device is fabricated using 
LinCMOS" technology and consists of four 
independent voltage comparators; each 
designed to operate from a single power supply. 
Operation from dual supplies is also possible so 
long as the difference between the two supplies 
is 1.4 V to 18 V. Each device features extremely 
high input impedance (typically greater 
than 1012 !l). 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. 

02901, SEPTEMBER 1985-REVISEO FEBRUARY 1989 

TLC354M ... J PACKAGE 
TLC3541. TLC354C .. , 0 OR N PACKAGE 

(TOPVIEWI 

caMP # 1 aUT caMP # 3 aUT 
caMP # 2 aUT caMP #4 aUT 

VDD GND 
caMP f IN- IN+ I caMP 

#2 IIN+ IN-~ #4 

caMP f IN- IN+ I caMP 
# 1 liN + "-t.: __ ;:.J-' IN - f # 3 

TLC354M •.. FK PACKAGE 
(TOPVIEWI 

5 

#2IN- 6 

#2IN+ 8 

1-1- 1-1-
~~ ~~ 
00 00 
N-UM"'d" 
~:;c:.z~'*t: 

3 2 1 20 19 

9 1011 1213 

I +UI+ 
~~z~~ 

(')(') 
'=#::tc: ~ '*t: 

NC - No internal connection 

symbol leach comparator) 

18 

17 

16 #4IN+ 
15 NC 
14 #4IN-

NONINVE. RTlNG=t>­
INPUT IN+ 

OUTPUT 
INVERTING 
INPUT IN-

The TLC354 has internal electrostatic discharge (ESDI 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 TLC354M is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The TLC3541 is characterized for operation over the industrial temperature range of - 40°C to 85 °c, The 
TLC354C is characterized for operation from OOC to 70°C. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1985. Texas Instruments Incorporated 
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TLC354M, TLC3541, TLC354C 
LinCMOS" QUADRUPLE DIFfERENTIAL COMPARATORS 

equivalent schematic (each comparator) 
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VIO MAX 
TA 

AT 25°C 

O'C 

to 5 mV 

70°C 

-40'C 

to 5 mV 

85'C 

-55°C 

to 5 mV 

125'C 

TLC354M, TLC3541, TLC354C 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

AVAILABLE OPTIONS 

PACKAGE 

SMALL-OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP 
(D) (FK) (J) (N) 

TLC354CD - TLC354CJ TLC354CN 

TLC3541D - TLC3541J TLC3541N 

- TLC354MFK TLC354MJ -

o packages are availabe taped and reeled. Add "R" suffix to device type when ordering (e.g., 
TLC354CDR). 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage, VID (see Note 2) ..................................... ± 18 V 
Input voltage, VI .......... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDD 
Input voltage range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 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 dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range: TLC354M ......................... - 55 DC to 125 DC 

TLC3541 ........................... -40 DC to 85 DC 
TLC354C ............................. ODC to 70 DC 

Storage temperature range ......................................... - 65 °C to 150 DC 
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 

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 VOO 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 

0 500mW 7.6 mWloC 84'C 500 mW 494 mW NIA 

FK 500 mW 11.0mWI'C 104°C 500 mW 500mW 275 mW 

J (TLC354MI 500mW 11.0 mWloC 104°C 500mW 500mW 275 mW 

J (TLC3541, TLC354C) 500 mW NIA NIA 500 mW 500mW NIA 

N 500 mW NIA NIA 500 mW 500mW NIA 
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recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN 
UNIT 

NOM MAX 

Supply voltage, VOO 1.4 16 1.4 16 1.4 16 V 

L VOO = 5 V 0 3.5 0 3.5 0 3.5 
Common-mode input voltage, VIC I 

0 8.5 0 8.5 0 
V 

VOO = 10V 8.5 
Operatinll free-air temperature, T A -55 125 -40 85 0 70 'c 

electrical characteristics at specified free-air temperature. Vee - 1.4 V (unless otherwise noted) 

TEST CONDmoNst 
TLC354M TLC3641 TLC354C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 2 5 2 5 2 5 
VIO Input off_ voltage VIC = VICR min, See Note 4 mV 

Full range 10 7 6.5 

25·C 1 1 1 pA. 
110 Input offset current 

MAXTA 10 1 0.3 nA 

2SoC 5 5 5 pA 
liB Input bias current 

MAXTA 20 2 0.6 nA 

Common-mode input o to Oto o to 
VICR 25°C V 

voltage range 0.2 0.2 0.2 

High-level I VOH = 5 V 26°C 0.1 0.1 0.1 nA 
10H 

output current 
VIO = 1 V I VOH=15V Full range 1 1 1 ,.A 

Low-level 25°C 100 200 100 200 100 200 
VOL VIO = -0.5 V, IOL = 0.6 mA mV 

output voltage Full range 200 200 200 

Low-level 
10L VIO = -0.5V, VOL = 300 mV 25°C 1 1.6 1 1.6 1 1.6 mA 

output current 

Supply current 
No load 

25°C 130 300 130 300 130 300 
100 

(four comparators) 
VOO = 0.5 V, 

Full range 400 400 400 
,.A 

- --

tAil characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is -55°C to 126°C for TLC354M. -40oC to 85°e for TLC3541. and Oae 
to 70·C for TLC354C. IMPORTANT: See Parameter Measurement Infonmation. 

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 to-ItO 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. VDD - 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONst TLC364M nC3541 nC354C UNIT 
MIN TVP MAX MIN TYP MAX MIN TVP MAX 

25·C 2 10 2 10 2 10 
V'C Input offset voltage V'C = VieR min, See Note 4 mV 

Full range 12 13 12 

~~ 1 1 1 ~ 
"0 Input offset current 

MAX TA 10 1 0.3 nA 

~~ 5 5 5 ~ 
I,S 'nput bias current 

MAX TA 20 2 0.6 nA 

Om O~ Ow 
25°C 

Common-mode input VOO-l VOO-1 VOO-l 
VICR V 

voltage range 0 to 0 to 0 to 
Full range 

VOO-l.5 VOO-l.5 VOO-l.5 

High-level t VOH - 5 V 25·C 0.1 0.1 0.1 nA 

IOH output current V,O = 1 V I VOH = 15 V Full range 1 1 1 pA 

Low-level 25·C 150 400 150 400 150 400 
VOL VID - -1 V. IOL - 4 mA mV 

output voltage Full range 700 700 700 

low-level 
IOL VID - -1 V. VOL - 1.5 V 25·C 6 16 6 16 6 16 mA 

output current 

Supply current 25·C 0.3 0.6 0.3 0.6 0.3 0.6 
IDD VDO - 1 V. No load pA 

L- __ ~f_~ comparators) __ L- _ ___ ___ _ ___ Full range _ _ ____ O.! _____ O:~ _ _ __ _ _~~! _ __ 
tAli characteristics are measured with zero common-mode input voltage unless otherwise noted. full range is - 55°C to 125°C for TLC354M. -40°C to 85°C for TLC3541, and OOC 

to 70 0 e for TLC354C. 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-kD resistor between the output and VOD' They 
can be verified by applying the limit value to the input and checking for the appropriate output state. 

switching characteristics. VDD 5 V. TA - 25°C 

TEST CONDITIONS I MIN 

RL connected to 5 V through 5.1 kll. 100-mV input step with 5-mV overdrive 

CL = 15 pF*. See Note 5 TTL-level. input step 

* CL includes probe and jig capacitance. 

TYP MAX 

650 

200 

NOTE 5: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 

Voltage Comparators II 
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TLC354M, TLC3541, TLC354C 
LinCMoSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

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 VICR 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 will change states. 

5V 1 V 

(al VIO with VIC - 0 (bl VIO with VIC - 4 V 

FIGURE 1. METHOD FOR VERIFYING THAT INPUT OFFSET VOLTAGE 15 WITHIN SPECIFIED LIMITS 
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TLC354M, TLC3541, TLC354C 
LinCMOSlM QUADRUPLE DIFFERENTIAL COMPARATORS 

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 U 1 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 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 noninverting input exactly equals the 
input offset voltage. 

Voltage divider R9 and R 1 0 provides a step-up of the input offset voltage by a factor of 100 to make 
measurement easier. The values of R5. Re. 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,.F 

Voo R5 
1.8 kll. 1% C3 0.68,.F 

U1b 
1/4 TLC274CN C2 R6 U1c 

5.1 kll 1/4 TLC274CN 

R7 >--~t-VIO 

1 Mil (X1001 

R8 
.". 1.8 kll. 1% 

U1a 0.1 ,.F 
1/4 TLC274CN 

.". 

TRIANGLE 
R9 

GENERATOR R10 10 kll. 1% 
10011.1% 

R3 
R2 

100 kll 
10 kll .". 

FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 
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TLC354M, TLC3541, TLC354C 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

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 
105-mV or 5-mV overdrive, will cause the output to change state. 

PULSE 
GENERATOR 

lV-----, 

VDD 

INPUT OFFSET VOLTAGE 10 Il ~-'VII'."""""'---' 
COMPENSATION ADJUSTMENT 10 TURN 

-1 v-----' 

TEST CIRCUIT 

OVERDRIVE 

INPUT *==r---i 
'----f 
I 100 mV 

LOW-TO-HIGH­
LEVEL OUTPUT 

I 
I 
I 
150% , 
I I i 
I ~tr 

tPLH--..--.! 

i OVERDRIVE 

I.NPUT f---l-=i 
100 mV : f 

I 

HIGH-TO-LOW· 
LEVEL OUTPUT 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

FIGURE 3. RESPONSE, RISE. AND FALL TIMES CIRCUIT AND VOLTAGE WAVEFORMS 
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• Single or Dual-Supply Operation 

• Wide Range of Supply Voltages ... 2 V 
to 18 V 

• Very Low Supply Current Drain 150 p.A 
Typ at 5 V 

• Fast Response Time ... 200 ns Typ for 
TTL-Level Input Step 

• Built-In ESD Protection 

• High Input Impedance ... 1012 {l 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 p.V/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 
LinCMOS'" technology and consists of two 
independent voltage comparators each designed 
to operate from a single power supply. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 
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. 

TLC372M, TLC3721, TLC372C 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

D2821, NOVEM8ER 1983-REVISED SEPTEMBER 1988 

TLC372M ... JG PACKAGE 
TLC3721, TLC372C ... D, JG, OR P PACKAGE 

(TOP VIEW) 

COMP{?NU~D1 ~ ~~~} 
#1 IN+ 3 6 IN- C~~P 

GND 4 5 IN + 

TLC372M ... FK PACKAGE 

(TOP VIEW) 

3 2 1 20 19 

NC 4 18 

#1 IN- 5 17 #2 OUT 

NC 6 16 

#1 IN+ 15 #2IN-

NC 8 14 

9 1011 12 13 

UOU +u zzz ~z 
t!l 

N 

NC-No internal connection 

symbol (each comparator) 

NONINVERTING=f>­
INPUT IN+ 

INVERTING OUTPUT 

INPUT 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 TLC372M is characterized for operation over the full military temperature range of - 55 DC to 125 DC. 
The TLC3721 is characterized for operation from _40DC to 85 DC. The TLC372C is characterized for 
operation from ODC to 70 DC. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1983, Texas Instruments Incorporated 
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TLC372M. TLC3721. TLC372C 
LinCMOSlM DUAL DIFFERENTIAL COMPARATORS 

equivalent schematic leach comparator) 
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TA 
VIO MAX 

AT 25°C 

OOC 

to 5 mV 

70°C 

-40°C 

to 5 mV 

85°C 

-55°C 

to 5 mV 

125°C 

TLC372M, TLC3721, TLC372C 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

AVAILABLE OPTIONS 

PACKAGE 

SMALL-OUTLINE CHIP-CARRIER CERAMIC DIP PLASTIC DIP 

(D) (FK) (JG) (P) 

TLC372CD - TLC372CJG TLC372CP 

TLC372ID - TLC372IJG TLC3721P 

- TLC372MFK TLC372MJG -

o packages are availabe taped and reeled. Add "R" suffix to device type (e.g., TLC372CDR). 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage, VID (see Note 2) ..................................... ± 18 V 
Input voltage, 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 dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range: TLC372M ......................... - 55°C to 125°C 

TLC3721 ........................... -40°C to 85°C 
TLC372C . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OOC 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 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 

NOTES: I. 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 VOO can cause excessive heating and eventual device destruction. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25°C DERATING DERATE TA - 70·C TA - 85°C TA - 125°C 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 

0 500mW 5.8 mW/oC 64°C 464mW 377mW N/A 

FK 500mW 11.0 mW/oC 104°C 500 mW 500mW 275 mW 

JG (TLC372M) 500 mW 8.4 mW/oC 90°C 500mW 500mW 210mW 

JG ITLC372I, TLC372CI 500 mW 6.6 mW/oC 74°C 500mW 429 mW N/A 

P 500 mW N/A N/A 500mW 500mW N/A 
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recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM MAX MIN 
UNIT 

NOM MAX 

Supply voltage. VOO 4 16 3 16 3 16 V 

I VOO = 5 V 0 3.5 0 3.5 0 3.5 
Common-mode input voltage. VIC I 

0 8.5 0 8.5 0 8.5 
V 

VOO = 10V 

Operating free-air temperature. T A -55 125 -40 85 0 70 ·C 

electrical characteristics at specified free-air temperature, VOO - 5 V (unless otherwise noted) 

TEST CONDITIONS t 
TLC372M TlC3721 TlC372C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 5 1 5 
VIO Input offset voltage VIC = VieR min, See Note 4 mV 

Full range 10 7 6.5 

25°C 1 1 1 pA 
110 Input offset current 

10 MAXTA 1 0.3 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAXTA 20 2 0.6 nA 

Oto Oto 010 
25°C 

VICR 
Common·mode input VOO-l VOO-l VOO-l 

V 
voltage range 010 010 010 

Full range 
VOO-l.5 VOO-l.5 VOO-l.5 

High-level I VOH ~ 5 V 25°C 0.1 0.1 0.1 nA 
10H 

output current 
VIO ~1 V I VOH ~ 15 V Full range 3 1 1 p.A 

Low-level 26°C 150 400 150 400 150 400 
VOL VIO ~ -1 V. IOl~4mA mV 

output voltage Full range 700 700 700 

Low-level 
10l 

output current 
VIO ~ -1 V. VOL ~ 1.5 V 25°C 6 16 6 16 6 16 mA 

Supply current 25°C 150 300 150 300 150 300 
100 VIO ~ 1 V. No load p.A 

(two comparators) Full range 400 400 400 

tAil characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is - 55°C to 125°C for TLC372M. OOC to 70°C for TLC372C, and - 40 °C 

to 85°C for TLC3721. IMPORTANT: See Parameter Measurement Information. 

NOTE 4: The offset voltage limits given are the maximum values required to drive the o~put above 4 V or be~ow 400 mV with a 10-kG resistor between the output and VOO. Th~ 

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 I TEST CONDITIONS I MIN TYP MAX UNIT I . 'I RL connected to 5 V through 5.1 kD.1 l00-mV input step with 5-mV overdrive I 650 I 
Response tIme CL = 15 pF*. See Note 5 I TTL-level input step I 200 1 ns 

* CL includes probe and jig capacitance. 
NOTE 5: The response time specified is.the intarval between the input step function and the instant when the output crosses 1.4 V. 
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TLC372M. TLC3721. TLC372C 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

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 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. 

5V 1 V 

Vo 

1 
lal VIO with VIC - 0 Ibl 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 will change states. 
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TLC372M, TLC3721, TLC372C 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

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 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 U 1 c through 
tlla 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, 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 
0.1 "F 

U1b 
1/4 TLC274CN C2 

U1. 
1/4 TLC274CN 

TRIANGLE 
GENERATOR 

R2 
10 kll 

voo 

R10 
1001l.1% 

R5 
1.8 kll. 1% C3 0.68 "F 

R6 U1c 
5.1 kll 1/4 TLC274CN 

R7 >-"",,-VIO 
1 Mil (X1001 

R8 
INTEGRATOR 

1.8 kll. 1% C4 

rO.1 "F 

R9 
10 kll. 1% 

FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 

3-124 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 665012 • DALLAS, TEXAS 75265 



TLC372M, TLC3721, TLC372C 
LinCMOSTM DUAL DIFFERENTIAL COMPARATORS 

PARAMETER MEASUREMENT INFORMATION 

Response time is defined as the interval between tha application of an input step function and the instant 
when the output reache.s 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 
105-mV or 5-mV overdrive, will cause the output to change state. 

PULSE 
GENERATOR 

1 v-----, 

INPUT OFFSET VOLTAGE 100 >4--''''''''......-4 .... --' 
COMPENSATION ADJUSTMENT 10 TURN 

-1 v-----' 

TEST CIRCUIT 

VDD 

OVERDRIVE 

~==-r---t l oVERDRIVE 

INPUT --, I INPUT T 

LOW-TO·HIGH· 
LEVEL OUTPUT 

,----, 
I 100 mV 

I 
I 
I 
150% , 
I I i 
I ~tr 

tPLH~ 

f---==* 
100mV : f 

I 

HIGH·TO-LOW- I 
LEVEL OUTPUT I 

I 
I 
I 
If 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

10% 

tPHl 

FIGURE 3. RESPONSE. RISE. AND FALL TIMES CIRCUIT AND VOLTAGE WAVEFORMS 
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TLC374M, TLC3741, TLC374C 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

• Single or Dual-Supply Operation 

• Wide Range of Supply Voltages ... 2 V 
to 18 V 

• Very Low Supply Current Drain 0.3 mA Typ 
at 5 V 

• Fast Response Time ... 200 ns Typ for 
TTL-Level Input Step 

• Built-In ESD Protection 

• High Input Impedance •.. 1012 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 /LV/Month, 
Including the First 30 Days 

• Common-Mode Input Voltage Range 
Includes Ground 

• Outputs Compatible with TTL, MOS, and 
CMOS 

• Pin-Compatible with LM339 

description 

This device is fabricated using 
LinCMOS'" technology and consists of four 
independent voltage comparators designed to 
operate from a single power supply. Operation 
from dual supplies is also possible so long as the 
difference between the two supplies is 2 
to 18 V. Each device features extremely high 
input impedance (typically greater than 1012 m 
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. 

The TLC374 has internal electrostatic discharge 
(ESD) protection circuits and has been classified 
with a 2000-V ESD rating tested under 

D2783, NOVEMBER 1983-REVISED SEPTEM8ER 1988 

TlC374M ... J PACKAGE 
TlC3741, TLC374C ... D, J, OR N PACKAGE 

ITOP VIEWI 

CaMP # lOUT CaMP # 3 OUT 
CaMP #2 OUT CaMP #4 OUT 

VOO GND 

COMP f IN - IN + } CaMP 
#2 llN+ IN- #4 

COMP f IN- IN + l CaMP 
# 1 liN + IN - f # 3 -...--....-

TLC374M ... FK PACKAGE 
(TOPVIEWI 

Voo 4 

NC 5 

#2IN- 6 

NC 

#2IN+ 8 

1-1- 1-1-
=>=> =>=> 
00 00 
N-UM"d" 
=-=~z=-=::tt: 

3 2 1 2019 

9 10111213 

,+U, + 
~~z~~ 

MM 
~::tt: ::tt:::tt: 

NC-No internal connection 

symbol leach comparator) 

18 

17 

16 #4IN+ 
15 NC 

14 #4IN-

NONINVERTING=t>­
INPUT IN+ 

OUTPUT 
INVERTING 
INPUT IN-

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 TLC374M is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The TLC3741 is characterized for operation from -40°C to 85°C. The TLC374C is characterized for 
operation from OOC to 70°C. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1983, Texas Instruments Incorporated 
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TLC374M, TLC3741, TLC374C 
LinCMOS™ QUADRUPLE DIFFERENTIAL. COMPARATORS 

equivalent schematic (each comparator) 
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TA 
VIO MAX 
AT 2S'C 

OOC 

to S mV 

70°C 

-40°C 

to 5 mV 

85°C 

-55°C 

to 5 mV 

125°C 

TLC374M, TLC3741, TLC374C 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

AVAILABLE OPTIONS 

PACKAGE 

SMALL-OUTLINE CHIP-CARRIER CERAMIC DIP PLASTIC DIP 

(D) (FK) (J) (N) 

TLC374CD - TLC374CJ TLC374CN 

TLC3741D - TLC3741J TLC3741N 

- TLC374MFK TLC374MJ -

o packages are available taped and reeled. Add "R" suffix to device type (e.g., TLC374CDR). 

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

Supply voltage, VDD (see Note 1) . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Differential input voltage, VID (see Note 2) ..................................... ± 18 V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VDD 
Input voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -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: TLC374M ......................... - 55°C to 125°C 

TLC3741 ........................... -40°C to 85°C 
TLC374C ............................. O°C to 70°C 

Storage temperature range ......................................... - 65°C to 1 50°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 

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 VOO can cause excessive heating and eventual device destruction. 

DISSIPATION RATING TABLE 

TA'" 2SoC DERATING DERATE TA - 70'C TA - 8S'C TA - 12S'C 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING POWER RATING 

0 500mW 7.6 mW/oC 84°C 494mW 377 mW N/A 

FK SOOmW 11.0 mW/oC 104°C 500 mW 500mW 275 mW 

J (TLC374M) 500 mW 11.0 mW/oC 104°C 500mW 500mW 275 mW 

J ITLC3741, TLC374C) 500 mW N/A N/A 500mW 500mW N/A 

N 500 mW N/A N/A 500mW SOOmW N/A 
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recommended operating conditions 

M-SUFFIX I-SUFFIX C-SUFFIX 

MIN NOM MAX MIN NOM 
UNIT 

MAX MIN NOM MAX 

Supply voltage. VOO 4 16 3 16 3 16 V 

I VOO - 5 V 0 3.5 0 3.5 0 3.5 
Common-mode input voltage. VIC I 

0 8.5 0 8.5 
V 

VOO ~ 10 V 0 8.5 

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

electrical characteristics at specified free-air temperature. VOO = 5 V (unless otherwise noted) 

TEST CONDITIONS t 
TlC374M TlC3741 TlC374C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C I 5 I 5 1 5 
VIO Input offset voltage VIC = VieR min, See Note 4 mV 

Full range 10 7 6.5 

25°C 1 1 1 pA 
110 Input offset current 

MAX TA 10 1 0.3 nA 

25°C 5 5 5 pA 
liB Input bias current 

MAX TA 20 2 0.6 nA 

o to Ote o to 
25°C 

VICR 
Common-mode input VOO-l VOO-l VOO-l 

V 
voltage range Ote o to o to 

Full range 
VOO-1.5 VOO-1.5 VOO-1.5 

High-level I VOH ~ 5 V 25°C 0.1 0.1 0.1 nA 
10H VID ~ 1 V I VOH ~ 15 V Full range 1 1 1 .A output current 

Low-level 25°C 150 400 150 400 150 400 
VOL Via ~ -1 V. 10l ~ 4mA mV 

output voltage Full range 700 700 700 

Low-level 
10l 

output current 
Via ~ -1 V. VOL ~ 1.5 V 25°C 6 16 6 16 6 16 rnA 

Supply current 25°C 300 600 300 600 300 600 
lao Via ~ 1 V. No load .A 

(four comparators) Full range 800 800 800 

t All characteristics are measured with zero common-mode input voltage unless otherwise noted. Full range is - 55°C to 125°C for TLC374M, O°C to 70°C for TLC374C, and -40°C 

to 85°C for TLC3741. 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 I TEST CONDITIONS MIN TYP MAX I UNIT I . 'I RL connected to 5 V through 5.1 kll. I 100-mV input step with 5-mV overdrive 650 I I Response tIme CL ~ 15 pFt. See Note 5 I TTL-level input step I 
ns 

200 

t 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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TLC374M, TLC3741, TLC374C 
LinCMOSTM QUADRUPLE DIFFERENTIAL COMPARATORS 

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 VICR 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 s.earch 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 will change states. 

5V , v 

lal VIO with vIC - 0 Ibl VIO with VIC - 4 V 

FIGURE 1. METHOD FOR VERIFYING THAT INPUT OFFSET VOLTAGE IS WITHIN SPECIFIED LIMITS 
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TLC374M, TLC3741, TLC374C 
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 

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 U1a 
generates a triangular waveform of approximately 20-mV amplitude. U1b 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 R 10. The loop reaches a stable operating point when the output 
of the comparator undi;!r 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, 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. 

Ulb 
1/4 TLC274CN C2 

Ul • 
1/4 TLC274CN 

TRIANGLE 
GENERATOR 

R2 
R3 10 kO 
100 kO 

Voo 

Rl0 
1000,1% 

R5 
1.8 kO, 1% C3 0.68 I'F 

R6 Ulc 
5.1 kO 1/4 TLC274CN 

R7 >--~'-VIO 
, MO (Xl00) 

R8 
INTEGRATOR 

1.8 kO, 1% C4 

JO.lI'F 

R9 
10 kO, 1% 

FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 
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TLC374M, TLC3741, TLC374C 
LinCMOS™ QUADRUPLE DIFFERENTIAL COMPARATORS 

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 
105-mV or 5-mV overdrive. will cause the output to change state. 

PULSE 
GENERATOR 

1 v-----, 

VDD 

INPUT OFFSET VOLTAGE 10!l >4--'w..~.----' 
COMPENSATION ADJUSTMENT 10 TURN 

-1 v-----I 

TEST CIRCUIT 

OVERDRIVE 

*~_ I 
INPUT f-- ---* 

LOW· TO·HIGH· 
LEVEL OUTPUT 

I----f 
I 100 mV 

I 
I 
I 
150% 
I 
I I I 
I I4+.r-tr 

tPLH--t4----ti 

i. OVERDRIVE 

INPUT -.. I f---6 =t 
100 mV : f 

I 

HIGH· TO·LOW· 
LEVEL OUTPUT 

VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

t 1pF 

FIGURE 3. RESPONSE. RISE. AND FALL TIMES CIRCUIT AND VOLTAGE WAVEFORMS 
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• Very Low Power ... 100 p.W Typ at 5 V 

• Fast Response Time .•. 2.5 p's Typ with 
5 mV Overdrive 

• Single Supply Operation: 
TLC393M ... 4 V to 16 V 
TLC3931 ... 3 V to 16 V 
TLC393C ..• 3 V to 16 V 

• High Input Impedance ... 1012 (} Typ 

• Input Offset Voltage Change at Worst Case 
Input Condition Typically 0.23 p.V/Month 
Including the First 30 Days 

• On-Chip ESD Protection 

description 

The TLC393 consists of two independent 
differential-voltage comparators designed to 
operate from a single supply. It is functionally 
similar to the LM393 but uses 1/20th the power 
for similar response times. The open-drain MOS 
output stage will interface to a variety of loads 
and supplies, as well as "wired" logic functions. 
For a similar device with a push-pull output 
configuration, see the TLC3702 data sheet. 

Texas Instruments LinCMOS" 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, even with 
differential input stresses of several volts. This 
characteristic makes it possible to build reliable 
CMOS comparators. 

The TLC393M is characterized for operation over 
the full military temperature range of - 55 DC to 
125 DC. The TLC3931 is characterized for 
operation over the extended industrial 
temperature range of - 40 DC to 85 DC. The 
TLC393C is characterized for operation over the 
commercial temperature range of 0 DC to 70 DC. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA .......... ts ... tal. information 
•• rraot a •• 1 publicatio. date. Products ........ to 

TLC393M. TLC3931. TLC393C 
DUAL MICROPOWER LinCMOStMCOMPARATORS 

03241. DECEMBER 1986 - REVISED FEBRUARY 1989 

TLC393M ... JG PACKAGE 
TLC3931. TLC393C ... D. JG. OR P PACKAGE 

(TOP VIEW) 

COMP' ~NU~ []1 ~ ~~~ I 
# 1 IN + 3 6 IN - COMP 

GND 4 5 IN+ #2 

TLC393M .•. FK PACKAGE 

4 

5 

6 

7 

8 

u z 

(TOP VIEW) 
t-
::l 
o a 

u au z>z 

3 2 1 20 19 

9 10 11 12 13 

NC - No internal connection 

18 

17 

16 

15 #2IN-

14 NC 

symbol (each comparator) 

NONINVERTING=t>­
INPUT IN+ 
INVERTING OUTPUT 
INPUT IN-

AVAILABLE OPTIONS 

PACKAGE 

Vlomax SMALL CERAMIC PLASTIC 
TA CERAMIC 

at 25'C OUTLINE DIP DIP 

ID) 
(FKI 

(JGI (PI 

O·C 

to 5mV TLC393CD - TLC393CJG TLC393CP 

70·C 

-40·C 

to 5 mV TLC3931D - TLC3931JG TLC3931P 

85·C 

-55·C 

to 5 mV - TLC393MFK LC393MJG -
125·C 

The 0 package is available taped and reeled. Add the suffix R to the 
device type. (e.g" TLC393CDR) 

Copyright @ 1986, Texas Instruments Incorporated 
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TLC383M, TLC3831, TLC383C 
DUAL MICRO POWER LinCMOS~ COMPARATORS 

schematic 

OPEN-DRAIN CMOS OUTPUT 

~OUTPUT 

--J9 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ...•. _ ... ,. . . . . • . . . . . . . . . . . . . . . . . . . . . .. -0.3 to 18 V 
Differential input voltage (see Note 2) ........•.•.............................. ± 18 V 
Input voltage, VI ........•...•..................................... -0.3 V to VDD 
Output voltage, Vo ..•..................•.................... ;..... -0.3 V to VDD 
Input current, II .•..........•.•....................... _ . . . . . . . . . . . . . . . . . .. ± 5 mA 
Output current, 10 (each outputl "............................................ 20 mA 
Total supply current into VDD terminal ................................... ; . . . .. 40 mA 
Total current out of ground terminal . . . . . . . . . . . . . . . . . . . . . . . . . • . . .. . . . . . . . . . . . .. 40 mA 
Continuous total dissipation .•...•....................•.•.... See Dissipation Rating Table 
Operating free-air temperature range: TLC393M ......•.................. - 55°C to 125°C 

TLC3931 ........................... -40°C to 85°C 
TLC393C •.........•.•................ OOC 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: D or P package ......... 260°C 
Lead temperature 1,6 mm (1/16 inch) from cese for 60 seconds: JG package ........... 300°C 

NOTES: 1. All voltage values. except diffarentlal voltages. are with respect to network ground. 
2. Differantial voltages are at the nonlnvertlng input with respect to the inverting Input. 

DISSIPATION RATING TABLE 

PACKAGE 
TA:S 211°C DERATING FACTOR TA - 70°C TA- SlioC 

POWER RATING ABOVE,TA - 211°C POWER RATING POWER RATING 

D 726mW 5.8 mW/oC 464mW 377mW 

FK 1376mW 11.0 mW/oC 880mW 716mW 
JG (TLC393M) 1050mW 8.4mW/oC 672mW 646mW 
JG (All others) 826mW 6.6 mW/oC 628mW 429mW 

p 1000mW 8.0 mW/oC 640mW 620mW 

TA - 1211°C 
POWER RATING 

275mW 
210 mW 
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TLC393M 
DUAL MICROPOWER LinCMOS11II COMPARATORS 

re,?ommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VOO 4 5 16 V 

Common-mode input voltage, VIC 0 VOO-LS V 

low-level output current, 10l 20 mA 

Operating free-air temperature, T A -55 125 °C 

electrical characteristics at specified operating free-air temperature, Voo - 5 V (unless otherwise notedl 

PARAMETER TEST CONOITIONst MIN TYP MAX UNIT 

VIC = VICRmin, 25°C 1.4 5 

VIO Input offset voltage VOO = 5 V to 10 V, 

See Note 3 
-55°C to 125°C 10 

mV 

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 
o to 

VICR Common-mode input voltage range 
VOO-1 

V 

-55°C to 125°C 
o to 

VOO-1.5 

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 = 5 V to 10 V 125°C 84 dB 

-55°C 84 

VOL low-level output voltage 
VIO - -1 V, 25°C 300 400 

mV' 
10l = 6 mA 125°C 800 

High-level output current 
VIO = 1 V, 25°C 0.8 40 nA 

10H 
Vo = 5 V 125°C 1 p.A 

100 Supply current (both comparatorsl 
No load, 25°C 22 40 

Outputs low -55°Cto 125°C 90 
FA 

~ o .... 
! 
CO 
Q. 
E 
o 

(.) 

Q) 
0) 
CO .... 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 15 
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-kll > 

load to VOO. 
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TLC3931 
DUAL MICROPOWER LinCMOS11l COMPARATORS 

recommended operating conditions 

MIN- NOM MAX UNIT 

Supply voltage, VOO 3 6 16 V 

Common-mode input voltage, VIC -0_2 VOO-1.5 V 

Low-level OUtput current, IOL 20 mA 

Operating free-air temperature. T A -40 85 °C 

electrical charactaristlcs at specified operating frea-alr temperature. VDD - 5 V (unless otherwise notad) 

• ~ 
Sf ca 
CD 
(') 
o 
3 
"0 
A) 

PARAMETER 

VIO Input offsat voltage 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 

CMRR Common-mode rejection ratio 

kSVR Supply voltage rejection ratio 

VOL Low-level output voltage 

10H High-level output current 

100 Supply current (both comparators) 

TEST CONDITION8t 

VIC = VICRmin, 26°C 

VDO = 5 V to 10 V, 
-40°C to 85°C 

See Note 4 

VIC = 2.6 V 
25°C 

86°C 

VIC = 2.6 V 
25°C 

85°C 

25°C 

-40°C to 85°C 

25°C 

VIC = VICRmin 85°C 
-40°C 

26°C 

VOO = 5 V to 10 V 85°C 
-40°C 

VIO = -1 V, 26°C 

IOL=6mA 8SoC 

VIO = 1 V, 25°C 

Vo = 5 V 8SoC 

No load. 2SoC 

Outputs low -40°C to 86°C ! o t All characteristics are measured with zero common-mode voltage unless otherwise noted. 

MIN TYP MAX 
1.4 5 

7 

1 

1 
5 

2 
o to 

VOO-1 
o to 

VOO-1.5 
84 

84 
84 

85 
85 
84 

300 400 
700 

0.8 40 

1 
22 40 

86 

UJ NOTE 4: The offset voltage limits given are the maximum value. required to drive the output up to 4.5 V or down to 0.3 V. 
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TLC393C 
DUAL MICROPOWER LinCMOS11I COMPARATORS 

recommended operating conditions 

MIN NOM MAX UNIT 

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, T A 0 70 °C 

electrical characteristics at specified operating free-air temperature, VDD - 5 V (unless otherwise noted) 

PARAMETER TEST CONOITIONSt MIN TYP MAX UNIT 

VIC = VICRmin, 25°C 1.4 5 

VIO Input offset voltage VOO = 5 V to 10 V, 
6.5 

mV 
See Note 4 

ooC to 70°C 

25°C 1 pA 
110 Input offset current VIC = 2.5 V 

70°C 0.3 nA 

liB Input bias current VIC = 2.5 V 
25°C 5 pA 

70°C 0.6 nA 

25°C 
o to 

VICR Common-mode input voltaga range 
VOO-l 

V 
ooC to 70°C 

o to 

VOO-l.5 
25°C 84 

CMRR Common-mode rajection ratio VIC = VICRmin 70°C 84 dB 
ooC 84 

25°C 85 

kSVR Supply voltage rejection ratio VOO = 5 V to 10 V 70°C 85 dB 
ooC 85 

VOL Low-level output voltage 
VIO = -1 V, 25°C 300 400 

mV 
IOL = 6mA 70°C 650 

IOH High-level output current 
VIO = 1 V, 25°C 0.8 40 nA 

Vo = 5 V 70°C 1 ~A 

100 Supply current (both comparetors) 
No load, 26°C 22 40 

~ Outputs low O°C to 70°C 50 

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. 
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nC393M, nC3931, nC393C 
DUAL MICROPOWER linCMOSTM COMPARATORS 

switching characteristics, VOO .. 5 V, T A -= 25°C (see Figure 3) 

PARAMETER TEST CONDITIONS 

Overdrive = 2 mV 

Overdrive = 5 mV 
f = 10 kHz, 

Overdrive = 10 mV 
tpLH Propagation delay time, low-to-high level output CL=15pF 

Overdrive = 20 mV 

Overdrive - 40 mV 

VI = 1.4 V step at IN + pin 

Overdrive = 2 mV 

Overdrive - 5 mV 
f = 10 kHz, 

Overdrive = 10 mV 
tpHL Propagation delay time, high-to-Iow level output· CL=15pF 

Overdrive = 20 mV 

Overdrive - 40 mV 

VI = 1.4 V step at IN+ pin 

tTHL Transition time, high-to-Iow level output 
f = 10 kHz, 

CL=15pF 
Overdrive =50 mV 
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MIN TYP MAX UNIT 

4.5 

2.5 

1.7 

1.2 p.s 
1.1 

1.1 

3.6 

2.1 

1.3 

0.85 p.s 

0.55 

0.10 

20 ns 



TLC393M. TLC3931. TLC393C 
DUAL MICRO POWER LinCMOS" COMPARATORS 

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, 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 VICR test, rather than changing the input voltages, to provide 
greater accuracy. 

APPLIED VIO 
LIMIT 

~ 

5V 

la) VIO with VIC - 0 

APPLIED VIO 
LIMIT 

~ 

1V 

(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 will change states. 
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TLC393M,TLC3931, TLC393C 
DUAL MICROPOWER LinCMOS" COMPARAT-ORS 

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 U 1 C through the voltage divider formed 
by R9 and R1.0. 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 ofthe 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. 

voo R5 C3 0.68 "F 
1.8 kll. 1% 

R6 U1C 
5.1 kll 1/4 TLC274CN 

R7 vlO 
1 Mil (X1001 

R8 INTEGRATOR 

1.8 kll. 1% C4 
TO.1I'F 

U1A -= 
1/4 TLC274CN 

C1 
0.11'F TRIANGLE 

GENERATOR R9 
R10 10 kll. 1% 

R2 100 Il. 1% 
10 kll 

R3 
100 kll 

FIGURE 2. CIRCUIT FOR INPUT OFFSET VOLTAGE MEASUREMENT 
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TLC393M. TLC3931. TLC393C 
DUAL MICRO POWER LinCMOSlII COMPARATORS 

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 105 mV or 5 mV overdrive, will cause the output to change state. 

INPUT OFFSET VOLTAGE 
COMPENSATION ADJUSTMENT 

1 v---., 

-1 V---~ 

VDD 

TEST CIRCUIT 

OVERDRIVE 

±t-----~ INPUT T 1----~fV 

I 

LOW·TO·HIGH· 11" 5nOO<.%..r-I 
LEVEL OUTPUT ~ 

I 1 
I I 
~tPLH 

~
OVERDRIVE 

INPUT 100 mV i f ------
I 
I 

HIGH·TO·LOW· 
LEVEL OUTPUT 

I 
I 
I I 
1 I I 

:~ : I-lTHL 

1.---.1 tpHL 

. VOLTAGE WAVEFORMS 

NOTE A: CL includes probe and jig capacitance. 

FIGURE 3. PROPAGATION DELAY. RISE, AND FALL TIMES 
CIRCUIT AND VOLTAGE WAVEFORMS 
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TLC393M, TlC3931, TLC393C 
DUAL MICRO POWER LinCMOS" COMPARATORS 

TYPICAL CHARACTERISTICSt· 

.. 
-e 
:) 

'Ii 
j 
E 
:I 
Z 

III 
'V 
I 
0 

! 
c: 

~ 
I 
-3 
~ g. 

i u 
I 

IIC 
IIC 
::& 
u 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o 

DISTRIBUTION OF INPUT 
OFFSET VOLTAGE 

Voo - 5 V 
VIC - 2.5 V 
TA - 25°C -

- 11 ~ In. t--

-5 -4 -3 -2 -1 0 2 3 4 5 

90 

89 

88 

87 

86 

85 

84 

83 

82 

81 

80 

Via-Input Offset Voltage-mV 

FIGURE 4 

COMMON-MODE REJECTION RATIO 
VB 

FREE-AIR TEMPERATURE 

I I 
r-VOO - 5V 

~ 

-75 -50 -25 0 25 50 75 100 125 

TA-Free-AI, Temperature- °C 

FIGURE 8 

~ 
I 
i: 
~ 
:I 
U .. 
II 
iii 
S a. 
.5 
I 
~ 

10 

INPUT .BIAS CURRENT 
VB 

FREE-AIR TEMPERATURE 

FVOO - 5V 
~VIC - 2.5V 

0.1 

0.01 

0.001 
25 

/ 

/' 

50 75 100 

TA -Free-Air Tempe,ature- °C 

FIGURE 5 

/ 

125 

SUPPLY VOLTAGE REJECTION RATIO 
VB 

90 
f8 
I 89 

;i 88 

I :: 
! :: 
j 83 

i 82 

j 81 

80 

FREE-AIR TEMPERATURE 

I I I I 
I- VOO - 5 V to 10 V 

.. r--

-75 -50 -25 0 25 50 75 100 125 

TA-Free-Alr Tempe,ature- °C 

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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TLC393M, TLC3931, TLC393C 
DUAL MICRO POWER LinCMOS™ COMPARATORS 

TYPICAL CHARACTERISTICS t 

<C c 
I 
E 
§ 
u 
; 
a. ; 
0 
"i 
> .. 
--' 
J:. 
'" :f 
I 
::c 
5) 

> 

1000 

100 

10 

0.1 
o 

HIGH-LEVEL OUTPUT CURRENT 
vs 

HIGH-LEVEL OUTPUT VOLTAGE 

TA ~ 125°C I 
f.--

TA a 85°C ~ 

- TA - 70°C = 

TA - 25°C -

VOH - VOO 

2 4 6 8 10 12 14 

VOH-High-Level Output Voltage-V 

FIGURE 8 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

16 

1.5 r--.---....--.---....--.---....-~-....--.---

~ 1.25 

'" .ll! 
Q 

> 
; 

O~ 0.75 1--+-I-+-~+~r-~!.....-I---+--1 

2 4 6 8 10 12 14 16 18 20 

IOL -Low-Level Output Current-mA 

FIGURE 10 
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I 
::c 
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1000 

HIGH-LEVEL OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

Voo - VOH - 5 V 

..,-

100 V 

10 /' 

./ 

/' 

0.1 
25 

600 

50 75 100 

T A - Free-Air Temperature - °C 

FIGURE 9 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

I 1 
Voo c 5 V 

125 

500 r- loL =6mA V 
./ 400 

300 

200 

/ 
V 

..... / 
V 

... 

100 

o ,---c-. 
-75 -50 -25 0 25 50 75 100 125 

T A -Free-Air Temperature- °C 

FIGURE 11 

tOata at high and low temperatures are, applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC393M, TLC3931, TLC393C 
DUAL MICROPOWER LinCMOS" COMPARATORS 
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TYPICAL CHARACTERISTICS t 
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2 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I .' 
'TAlj? Outputs low 

No load 

...... ,.-/ -y 
./" 

....- -- ,......., 
2~OC 

~ ~ -- ~ -V ~ -i""" -
~V .-: 125°C 

J ~ ~ 
lj , 
o 2 4 6 8 10 12 14 16 

VOO-Supply Voltage-V 

FIGURE 12 

LOW-TO-HIGH-LEVEL 
OUTPUT RESPONSE TIME 

vs 
SUPPLY VOLTAGE 

CL - 15 pF 
RL - 5.1 kG (Pullup to VOOI 
TA - 25°C , - OVERORIVE - 2 mV 

I 
5mV 

- I 
10 mV 

- 20mV 

-~ r-....-

o 
o 

40

l
mv -

2 4 6' 8 10 12 14 16 
VOO-Supply Voltage-V 

FIGURE 14 
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SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

I I. 
VOO - 5 V 
No load , 

~ 

"" OUTPUTS LOW 
........ J , 

1" r--t--r-- OUTPUTS HIGH --- -
-75-50 -25 0 25 50 75 100 125 

5 

4.5 

4 

3.5 

3 

2.5 

2 

1.5 

0.5 

o 

TA-Free-Alr Temperature- °C 

FIGURE 13 

HIGH-TO-LOW-LEVEL 
OUTPUT RESPONSE TIME 

vs 
SUPPLY VOLTAGE 

CL - 15 pF 
RL - 5.1 kG (Pullup to VOOI 
TA - 25°C 

.... -I .~ 
OVERORIVE - 2 mV -

I I 
_ .... '5mJ_ 

- 110mVI -

20mV-

40mV 

o 2 4 6 8 10 12 14 16 

VOO-Supply Voltage-V 

FIGURE 15 

toataat high and low temperatures are applicable only within the rated operating free·air temperature ranges of the various devices. 

3-146 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 855012 • DALLAS, TeXAS 75286 



5> 
&1 
c5~ 
1= 
0 0 
» 

5 

o 
> 
E 

-I 
-! & 100 
c s 
i O .- > 0 
°1 

.s 

TLC393M. TLC3931. TL(:393C 
DUAL MICRO POWER LinCMOSTII COMPARATORS 

TYPICAL CHARACTERISTICS 

LOW-TO-HIGH-LEVEL OUTPUT 
PROPAGATION DELAY 

FOR VARIOUS OVERDRIVE VOLTAGES 

40mV'" 
20mV-f-o 
10mV- ~ 
5mV 
2mV 

VOO - 5 V 

OUTPUT FALL TIME 
vs 

SUPPLY VOLTAGE 

20~-+--~--~-4--~--+--4--~ 

CL-15pF 
RL - 5.1 kll (Pullup to VOOI 
TA - 25°C 

10~-4--~--~--~--~-+--~--4 3 
RL - 5.1 kll (Pullup to VOOI 
TA - 25°C 

OL-~ __ -L __ ~~ __ -L __ ~ __ ~~ 

o 2 3 4 5 o 2 4 6 8 10 12 14 16 

tpLH - Low-To-High-Level 
Output Propagation Oelay Time-I's 

VOO-Supply Voltage-V 

FIGURE 16 

5> 
&1 
" II Oal 
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0 0 
» 

5 

o 

HIGH-TO-LOW-LEVEL OUTPUT 
PROPAGATION DELAY 

FIGURE 17 

FOR VARIOUS OVERDRIVE VOLTAGES 

40mV-
20mV-
10 mV 
5mV 
2mV 

VOO - 5 V 
CL - 15 pF 
RL - 5.1 kll (Pullup to VOOI 
TA - 25°C 

o 2 3 4 

tpHL -Hlgh-To-Low-Level Output 
Propegetlon Oelay Tima-I's 

FIGURE 18 
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TLC393M, TLC3931, TLC393C 
DUAL MICRO POWER LinCMOS™ COMPARATORS 

TYPICAL APPLICATION DATA 

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 will not be 
damaged as long as the input current is limited to less then 5 rnA. To maintain the expected output state, the 
inputs must remain within the common-mode range. For example, at 25 °C with VOO = 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 I'F) positioned as close to 
the device as possible. 

The TLC393 has internal ESO-protection circuits that will 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. 

12 V 
1/2 TLC393 

5.1 kll 

5 V --'WVo---...---i 
10 kll 

10 kll 

ISaa 
NotaAI~ 

5V 

5.1 kll 

1/2 
TLC393 

MOTOR SPEED CONTROL 
POTENTIOMETER . 

5V 

'----~10kll 

DIRECTION 
CONTROL 

5V 

! 

12V 

SN75603 

HALF-H DRIVER 

12 V 
MOTOR 

SN75604 

HALF-H DRIVER 

NOTES: A. The recommended minimum capacitance is 10 I'F to eliminate common ground switching noise. 
B. Select Cl for change in oscillator frequency. 

FIGURE 19. PULSE-WIDTH-MODULATED MOTOR SPEED CONTROLLER 
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TLC393M. TLC3931. TLC393C 
DUAL MICROPOWER LinCMOSTII COMPARATORS 

TYPICAL APPLICATION DATA 

• MONITORS 5-V RAIL 
• MONITORS 12-V RAIL 
• EARLY POWER FAIL WARNING 

12 V 
SENSE 3.3 kll 

1 kll 

..,. 
2.5V 

Rl 
VUNREG 
IS .. Note AI 

R2 

(Rl +R2) NOTES: A. VUNREG = 2.5 --
. R2 

5V 

12 V 

6.1 kll 
Vee 

RESIN 

REF 

5.1 kll 

TO ,.p INTERRUPT 
"EARLY POWER FAIL" 

B. The value of Ct determines the time delay of reset. 

SENSE 

TL7705A RESET 

GND 

Note BI 

5V 

10 kll 

I-.............. _TO,.P 
RESET 

FIGURE 20.' ENHANCED SUPPLY SUPERVISOR 

12 V 

12 V 

5.1 kll 

100 kll 

22 kll 

100 kG 100 kll 

12 V 

Cl l o.01 ,.F 
ISee 

..,. Note Al 

NOTES: A. Select Cl for a change in oscillator frequency where: 
llf = 1.85 1100 klllCl 

B. Select Rl and R3 to change duty cycle. 
C. Select R2 to change deadtime. 

Rl 
100 kll 
IS .. Note BI 

R2 
5 kll 
IS .. 
Note CI 

R3 
100 kll 
ISee Note BI 

12 V 

5.1 kll 

OUTPUT 1 

12 V 

5.1 kll 

" ...... -- OUTPUT 2 

OUTPUT1~ 
I I 

I I 
I I 
I I 

OUTPUT 2..., I I r 
FIGURE 21. TWO-PHASE NONOVERLAPPING CLOCK GENERATOR 
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TLC3702M, TLC37021, TLC3702C 
DUAL MICROPOWER LinCMOSTM COMPARATORS 

• Push-Pull CMOS Output Drives Capacitive 
Loads without Pull-Up Resistor, 
10 = ±BmA 

• Very Low Power •.• 100 IJ.W Typ at 5 V 

• Fast Response Time .•• 2.5 IJ.s Typ with 
5 mV Overdrive 

• Single Supply Operation: 
TLC3702M ... 4 V to 16 V 
TLC37021 ..• 3 V to 16 V 
TLC3702C ••• 3 V to 16 V 

• High Input Impedance ••• 1012 n Typ 

• Input Offset Voltage Change at Worst Case 
Input Condition Typically 0.23 IJ.V/Month 
Including the First 30 Days 

• On-Chip ESD Protection 

description 

The TLC3702 consists of two independent 
differential-voltage comparators designed to 
operate from a single supply and be compatible 
with modern HCMOS logic systems. It is 
functionally similar to the LM393 but uses 1/2Oth 
the power for similar response times. The push­
pull CMOS output stage will drive capacitive 
loads directly without a power-consuming pull-up 
resistor to achieve the stated response time. 
Eliminating the pull-up resistor not only reduces 
power dissipation, but also saves board space 
and component cost. The output stage is also 
fully compatible with TTL requirements. 

03209, NOVEMBER 19B5-REVISED JANUARY 1989 

TLC3702M , , , JG PACKAGE 
TLC37021, TLC3702C , , , 0, JG, OR P PACKAGE 

caMP 
# 1 

(TOP VIEW) 

aUT De VDD 
IN- 2 7 aUT caMP 
IN+ 3 6 IN- #2 

GND 4 5 IN+ 

TLC3702M ••. FK PACKAGE 

(TOP VIEW) 

a 
u ~ u au 
z'"'z>z 

3 2 1 20 19 

9 10 11 12 13 

Ie 
17 #2 OUT 
16 

15 #2IN-

14 NC 

NC - No internal connection 

symbol (each comparator) 

NONINVERTING =t>­
INPUT IN+ 
INVERTING OUTPUT 

INPUT IN-

AVAILABLE OPTIONS 

PACKAGE 

TA V,Omax SMALL CERAMIC CERAMIC PLASTIC 
at2S"C OUTLINE DIP DIP 

(D) (FK) (JG) (P) 

O°C 

to SmV TLC3702CD - TLC3702CJG TLC3702CP 

70°C 

-40°C 

to SmV TLC37021D - TLC37021JG TLC37021P 
8SoC 

-SsoC 

to SmV - TLC3702MFK TLC3702MJG -
12SoC 

The D package is available taped and reeled. Add the suffix R to the device 
type when ordering. (e.g., TL3702CDR) 

LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1986, Texas Instruments Incorporated 
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TlC3702M, TLC37021,TlC3702C 
DUAlMICROPOWER linCMOSTM COMPARATORS 

description. (continued) 

Texas Instruments LinCMOS" 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 UnCMOS TM 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. 

The TLC3702M is characterized for operation over the full military temperature range of -55°C to 125°C. The 
TLC370211s characterized for operation over the extended Industrial temperature range of -40°C to 85°C. The 
TLC3702C is characterized for operation over the commercial temperature range of O°C to 700C. 

schematic 

PUSH·PUll CMOS OUTPUT 

vDD 

--£ OUTPUT 

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

Supply voltage, Voo (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to 18 V 
Differential inpu1 voltage (see Note 2) .......................................... ±18 V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . .. -0.3 V to VOO 
Output voltage, Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VOD 
Input current, II ...............................................•......... ±5 mA 
Output current, 10 (each ou1pu1) ............................................. ±20 mA 
Total supply current into VDD terminal ............ , . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 rnA 
Total current ou1 of ground terminal ........................................... 40 mA 
Continuous total dissipation .... '. . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range: TLC3702M . . . . . . . . . . . • . . . . . . . . . . . . . .. -55°C to 125°C 

TLC37021 ............................ -40°C to 85°C 
TLC3702C . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 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: D or P package . . . . . . . . . . .. 260°C 
Lead temperature 1 ,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C 

NOTES: 1. All voltage values, except differential vonages, are with respect to network ground. 
2. Differential vottages are at the nonlnverting input wHh respect to the inverting input. 

DISSIPATION RATING TABLE 

PACKAGE 
TA:S; 25'C DERATING FACTOR TA = 70'C TA = 85'C TA = 12S'C 

POWER RATING ABOVE TA = 2S'C POWER RATING POWER RATING POWER RATING 

D 725mW 5.8mWrC 464mW 377mW 
FK 1375mW 11.0mWrC 880mW 715mW 275mW 

JG (TLC3702M) 1050mW 8.4mWrC 672mW 546mW 210mW 
JG (All others) 825mW 8.6mWrC 528mW 429mW 

P 1000 mW 8.0mWrC 640mW 520mW 
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TlC3702M 
DUAL MICROPOWER LinCMOSTM COMPARATORS 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VOO 4 5 16 V 

Common-mode input voltage, VIC 0 VOO-l.5 V 

High-level output current, IOH -20 rnA 
Low-level output current, IOl 20 mA 

Operating free-air temperature, TA -55 125 °C 

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

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

VIC - VICRmin, 25°C 1.2 S 

Via Input offset voltage VOO=sVt010V, 
-SsoC to 125°C 

mV 

See Note 3 
10 

110 Input offset current VIC = 2.SV 
2SoC 1 pA 

125°C 15 nA 

liB Input bias current VIC = 2.SV 
25°C S pA 

12SoC 30 nA 

2SoC 
Oto 

VICR 
Common-mode input VOO-l 

V 
voltage range 

-SsoC to 12SoC 
Oto 

VOO-l.5 
2SoC 84 

CMRR Common-mode rejection ratio VIC = VICRmin 12SoC 83 dB 
-SsoC 82 

2SoC 8S 

kSVR Supply voltage rejection ratio VOO=SVt010V 12SoC 8S dB 

-SsoC 82 

VOH High-level output voltage 
VIO -1 V, 2SoC 4.S 4.7 

V 
10H = -4mA 125°C 4.2 

Val low-level output voltage 
VIO = -1 V, 25°C 210 300 

mV 
IOl=4mA 12SoC 500 

100 
Supply current 2SoC 18 40 

(both comparators) 
No load, Outputs low 

-sSoC to 12SoC 90 
J.lA 

. . 
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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TLC37021 
DUAL MICROPOWER LinCMOSTM COMPARATORS 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VOO 3 5 16 V 
Common-mode input voltage, VIC -0.2 VOO-I.6 V 
High-level output current, 10H -20 rnA 
Low-level output current, 10L 20 mA 
Operating free-air temperature, T A -40 85 "C 

electrical characteristics at specified operating free-air temperature, Voo = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

VIC = VICRmin, 25'C 1.2 5 

VIO Input offset voltage VOO = 5Vto 10V, 
-40'C to 85'C 

mV 
See Note 3 

7 

110 Input offset current VIC = 2.5V 
25'C 1 pA 
85"C 1 nA 

liB Input bias current VIC = 2.5V 
25'C 5 pA 

85"C 2 nA 

25'C 
010 

VICR 
Common-mode input VOO-l 

V 
voltage range 

-40'C to 85'C 
010 

VOO-l.5 
25'C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 85'C 84 dB 
-40'C 83 
25"C 85 

kSVR Supply voltage rejection ralio VOO = 5Vto 10V 85'C 85 dB 
-4O'C 83 

VOH High-level output voltage 
VID = 1 V, 25'C 4.5 4.7 

V 
10H = -4 rnA 85'C 4.3 

VOL loW-level output voltage 
VIO = -1 V, 25'C 210 300 

mV 
IOL=4mA 85'C 400 

100 
Supply current 

No load, Outputs low 
25'C 18 40 

IIA (both comparators) -40'C to 85'C 65 

t All characteristics are measured w~h 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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TLC3702C 
DUAL MICROPOWER LinCMOSTM COMPARATORS 

recommended operating conditions 

MIN NOM MAX UNIT 

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 0 70 ·C 

electrical characteristics at specified operating free-air temperature, VOO = 5 V (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

VIC - VICRmin, 25·C 1.2 5 

VIO Input offset voltage VOO = 5Vto 10V, 
O·Cto 70·C 

mV 

See Note 3 
6.5 

110 Input offset current VIC = 2.5V 
25·C 1 pA 
70"C 0.3 nA 

liB Input bias current VIC = 2.5V 
25·C 5 pA 

70"C 0.6 nA 

25·C 
010 

VICR 
Common-mode input VOO-I 

V 
voltage range 

O·Cto 70·C 
010 

VOO-I.5 

25·C 84 
CMRR Common-mode rejection ratio VIC = VICRmin 70"(; 84 dB 

O·C 84 
25·C 85 

kSVR Supply voltage rejection ratio VOO=5Vtol0V 70·C 85 dB 

O·C 85 

VIO-l V, 25·C 4.5 4.7 
V VOH High-level output voltage 

10H = -4 rnA 70·C 4.3 

VOL Low-level output voltage 
VIO= 1 V, 25·C 210 300 

mV 
10L= 4mA 70·C 375 

100 
Supply current 

No load, Outputs low 
25·C 18 40 

IlA 
(both comparators) O·Cto 70"C 50 

. . 
tAil charactenstlcs are measured wHh 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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TLC3702M, TLC37021, TLC3702C 
DUAL MICROPOWER LinCMOSTM COMPARATORS 

switching characteristics, VOO = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 

Overdrive - 2 mV 

Overdrive ~ 5 mV 
I~ 10kHz, Overdrive - 10 mV 

tpLH Propagation delay time, low-to-high-Ievel output CL ~ 50 pF Overdrive - 20 mV 

Overdrive ~ 40 mV 

VI ~ 1.4 V step at IN+ pin 

Overdrive - 2 mV 

Overdrive ~ 5 mV 
I ~ 10 kHz, Overdrive - 10 mV 

tpHL Propagation delay time, high-to-Iow-Ievel output CL ~ 50 pF Overdrive - 20 mV 

Overdrive ~ 40 mV 

VI - 1.4 V step al IN+ pin 

II Fall time 
1- 10 kHz, 

Overdrive ~ 50 mV 
CL ~ 50 pF 

tr Rise time 
I~ 10kHz, 

Overdrive ~ 50 mV 
CL ~ 50 pF 
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TLC3704M. TLC37041. TLC3704C 
QUADRUPLE MICRO POWER LinCMOSlII COMPARATORS 

• Push-Pull CMOS Output Drives Capacitive 
Loads without Pull-Up Resistor. 
10 - ±8mA 

• Very Low Power •.. 200 p.W Typ at 5 V 

• Fast Response Time •.. 2.5 p.s Typ with 
5 mV Overdrive 

• Single Supply Operation: 
TLC3704M ... 4 V to 16 V 
TLC37041 ... 3 V to 16 V 
TLC3704C ... 3 V to 16 V 

• High Input Impedance ... 1012 () Typ 

• Input Offset Voltage Change at Worst Case 
Input Condition Typically 0.23 p.V/Month 
Including the First 30 Days 

• On-Chip ESD Protection 

description 

The TLC3704 consists of four independent 
differential-voltage comparators designed to 
operate from a single supply and be compatible 
with modern HCMOS logic systems. It is 
functionally similar to the LM339 but uses 
1/20th the power for similar response times. The 
push-pull CMOS output stage will drive 
capacitive loads directly without a power­
consuming pull-up resistor to achieve the stated 
response time. Eliminating the pull-up resistor 
not only reduces power dissipation. but also 
saves board space and component cost. The 
output stage is also fully compatible with TTL 
requirements. 

03240. NOVEMBER I 98S-REVISED MARCH 1989 

TLC3704M ... J PACKAGE 
TLC37041. TLC3704C ••• D. J. DR N PACKAGE 

ITOPVIEWI 

COMP # 1 OUT COMP # 3 OUT 
COMP # 2 OUT COMP # 4 OUT 

VDD GND 
COMP {IN - IN +l COMP 

#2 IN+ IN-f #4 

COMP {IN - IN +l COMP 
#1 IN+ IN-f #3 

~_---';;.J-" 

TLC3704M .•• FK PACKAGE 

5 

#2IN- 6 
NC 7 

#2IN+ 8 

ITOPVIEWI 

I- I- I- I-
::J::J ::J::J 
00 00 
N~ (')"'''' _:at: z:t:t:::at 

3 2 1 2019 

9 10111213 

1+(.) 1+ 
i!:i!: Z i!:i!: ..,.., __ ::et:t:t: 

NC - No internal connection 

18 

17 

16 #4IN+ 
15 NC 
14 #4IN-

AVAILABLE OPTIONS 

PACKAGE 

VIOmsx SMALL CERAMIC PLASnC 
TA CERAMIC 

at 26·C OUTLINE DIP DIP 

(01 
(FKI 

(JI (NI 

O·C 

to 5mV TLC3704CD - TLC3704CJ TLC3704CN 

70·C 

-40·C 

to 5mV TLC3704ID - TLC37041J TLC3704IN 

8S DC 

-5S DC 

to 5mV - TLC3704MFK TLC3704MJ -
12S·C 

The 0 package is available taped and reeled. Add the suffiX R to the deVice 
type. (e.g .. TLC3704CDRI 

LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright @ 1986. Texas Instruments Incorporated. 
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TLC3704M, TLC37041, TLC3704C 
QUADRUPLE MICRO POWER LinCMOSTM COMPARATORS 

description (continued) 

Texas Instruments LinCMOS" 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, even with 
differential input stresses of several volts. This characteristic makes it possible to build reliable CMOS 
comparators. 

The TLC3704M is characterized for operation over the full military temperature range of - 55·C to 125 ·C. 
The TLC37041 is characterized for operation over the extended industrial temperature range of - 40°C 
to 85°C. The TLC3704C is characterized for operation over the' commercial temperature range of O·C 
to 70°C. 

symbol (each comparator) schematic 
PUSH·PULL CMOS OUTPUT 

VDD 
INPUT IN + OUTPUT 

NON INVERTING =t>-
--t 

INVERTING 

INPUT IN-

OUTPUT 

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

Supply voltage, Voo (see Note 1) ...................................... , - 0.3 to 18 V 
Oifferential input voltage (see Note 2) ......................................... ± 18 V 
Input voltage, VI .................................................. - 0.3 V to VOO 
Output voltage, Vo ................................................ -0.3 V to VOO 
Input current, II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 mA 
Output current, 10 (each output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 20 mA 
Total supply current into VOO terminal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 mA 
Total current out of ground terminal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 60 mA 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Oissipation Rating Table 
Operating free-air temperature range: TLC3704M ........................ - 55°C to 125°C 

TLC37041 .......................... -40·C to 85°C 
TLC3704C ............................ OOC 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: 0 or N package ........ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

NOTES: 1, A" 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. 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25°C DERATING FACTOR TA - 70°C TA - BSoC 

POWER RATING ABOVE TA - 25°C POWER RATING POWER RATING 

0 950 mW 7.6 mW/oC 608 mW 494mW 

FK 1375 mW 11.0 mW/oC 880mW 715mW 

J (TLC3704M) 1375 mW 11.0 mW/oC 880mW 715mW 

J (A" others) 1025 mW 8.2 mW/oC 656 mW 533 mW 

N 1150mW 9.2 mW/oC 736 mW 598 mW 

TA - 125°C 
POWER RATING 

275 mW 

275 mW 
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TLC3704M 
QUADRUPLE MICROPOWER LinCMOSlM COMPARATORS 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VOO 4 5 16 V 

Common-mode input voltage, VIC 0 VOD-1.5 V 

High-level output current, 10H -20 mA 

Low-level output current, tOl 20 mA 

Operating free-air temperature, T A -55 125 °C 

electrical characteristics at specified operating free-air temperature, Voo - 5 V (unless otherwise notedl 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

VIC = VICRmin, 25°C 1.2 5 

VIO Input offsat voltage VOO = 5Vto 10V, 

See Note 3 
-55°C to 125°C 10 

mV 

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 

o to 
25°C 

VICR Common-mode input voltage range 
VOO-1 

V 

-55°Cto 125°C 
o to 

VOO-1.5 

25°C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 125°C 83 dB 

-55°C 82 

25°C 85 

kSVR Supply voltage rejection ratio VOO = 5 V to 10 V 125°C 85 dB 

-55°C 82 

VIO = 1 V, 25°C 4.5 4.7 
VOH High-level output voltage V 

10H = -4 mA 125°C 4.2 

VID- -1V, 25°C 210 300 
VOL Low-level output voltage mV 

10L = 4 mA 125°C 500 

No load, 25°C 35 80 
100 Supply current (four comparators) 

Outputs low -55°C to 125°C 175 
poP. 

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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TLC37 041 
QUADRUPLE MICROPOWER LinCMOSlM COMPARATORS 

recommended operating conditions 

MIN NOM MAX UNIT 
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, T A -40 85 ·C 

electrical characteristics at specified operating free-air temperatura. VDD - 5 V (unless otherwise noted) 

< o 
::;' 
m 

CQ 
CD 

o o 
3 
"0 m 
; ... 
o 

PARAMETER TEST CONOtnONSt 

VIC = VICRmin. 25·C 

VIO Input offset voltage VOO = 5 V to 10 V. 
-40·C to 85·C 

See Note 3 

110 Input offset current VIC = 2 .. 5 V 
25·C 

85·C 

118 Input bias current VIC = 2.5 V 
25·C 

85·C 

25·C 

VICR Common-mode input voltage range 
-40·C to 85·C 

25·C 
CMRR Common-mode rejection ratio VIC = VICRmin 85·C 

-40·C 
25·C 

kSVR Supply voltage rejection ratio VOo=5Vt010V 85·C 
-40·C 

VOH High-level output voltage 
VIO = 1 V. 25·C 

10H = -4 mA 86·C 

VOL low-level output voltage 
VIO = -1 V. 25·C 

10l = 4 mA 85·C 

100 Supply current (four comparators) 
No load. 25·C 
Outputs low -40·C to 85·C 

t All characteristics are measured with zero common-mode voltage unless otherwise noted. 

MIN TYP MAX 
1.2 5 

7 

1 

1 

5 
2 

o to 

VOO-1 
o to 

VOO-1.5 
84 
84 

83 
85 
85 

83 
4.5 4.7 
4.3 

210 300 
400 

35 80 
126 

iil NOTE 3: The offset voltage limits given are the maximum values required to drive the output up to 4.6 V or down to 0.3 V. 
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mV 

pA 

nA 
pA 

nA 

V 

dB 

dB 

V 

mV 

p.A 



recommended operating conditions 

Supply voltage. VOO 

Common-mode input voltage. VIC 

High-level output current. 10H 

Low-level output current, IOL 

Operating free-air temperature, T A 

TLC3704C 
QUADRUPLE MICROPOWER LinCMOSTM COMPARATORS 

MIN NOM MAX UNIT 

3 5 16 V 

-0.2 VOO-l.5 V 

-20 mA 

20 mA 

0 70 °C 

electrical characteristics at specified operating free-air temperature. VDD 0= 5 V (unless otherwise noted) 

PARAMETER TEST CONOITIONSt MIN TYP MAX UNIT 

VIC = VICRmin. 25°C 1.2 5 

Via Input offset voltage VOO = 5 V to 10 V. mV 
ooC to 70°C 6.5 

See Note 3 

25°C 1 pA 
110 Input offset current VIC = 2.5 V 

70°C 0.3 nA 

25°C 5 pA 
liB Input bias current VIC = 2.5 V 

70°C 0.6 nA 

25°C 

VICR Common-mode input voltage range 

ooC to 70°C 

o to 

VOO-l 
o to 

V 

VOO-l.5 

25°C 84 

CMRR Common-mode rejection ratio VIC = VICRmin 70°C 84 dB 
ooC 84 

25°C 85 

kSVR Supply voltage rejection ratio VOO = 5 V to 10 V 70°C 85 d8 
ooC 85 

VID = 1 V. 25°C 4.5 4.7 
VOH High-level output voltage V 

10H = -4mA 70°C 4.3 

VIO = -1 V. 25°C 210 300 
VOL Low-level output voltage mV 

10L = 4 mA 70°C 375 

No load. 25°C 35 80 
100 Supply current (four comparators) 

Outputs low ooC to 70°C 100 
p.A 

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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TLC3104M, TLC31041, TLC3104C 
QUADRUPLE MICRO POWER LinCMOS™ COMPARATORS 

switching characteristics. VDD - 5 V. T A - 25 DC 

PARAMETER TEST CONDITIONS 

Overdrive = 2 mV 

Overdrive = 5 mV 
I = 10 kHz, 

Overdrive = 10 mV 
tplH Propagation delay time, low-to-high-Ievel output Cl = 50 pF 

Overdrive = 20 mV 

Overdrive = 40 mV 

VI = 1.4-V step at IN + pin 

Overdrive = 2 mV 

I = 10 kHz, 
Overdrive = 5 mV 

Overdrive = 10 mV 
tpHl Propagation delay time, high-to-Iow-Ievel output Cl = 50 pF 

Overdrive = 20 mV 

Overdrive - 40 mV 

VI = 1.4-V step at IN + pin 

tl Fall time, high-to-Iow-Ievel output 
I = 10 kHz, 

Overdrive = 50 mV 
Cl = 50 pF 

Rise time, low-to-high-Ievel output 
I = 10 kHz 

Overdrive = 50 mV tr 
Cl = 50 pF 
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MIN TVP MAX UNIT 

4.5 

2.7 

1.9 

1.4 I'S 
1.1 

1.1 

4.0 

2.3 

1.5 

0.95 I's 
0.65 

0.15 

50 ns 

125 ns 
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• Acquisition Time .•• 4 its Typ 

• Gain Error ••. 0.01% Max, 
0.001% Typ for LF198A, LF398A 

• Input Offset Voltage ••. 
1 mV Max for LF198A, 2 mV Max for LF398A 

• Hold Step ••• 1 mV Max for LF198A, LF398A 

• Very Low Feedthrough Attenuation Ratio at 
f = 1 kHz •.. 96 dB Typ 

• High Input Impedance .•• 1010 0 Typ 

• Logic Inputs Compatible With All Logic 
Families 

description 

These sample-and-hold amplifiers use a 
combination of bipolar and junction FET 
transistors to provide precision, high speed, and 

LF198, LF198A, LF398,LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

D321 6, JULY 1966 - REVISED MARCH 1969 

JG OR P PACKAGE 
(TOP VIEW) 

VCC+[]B LOGIC 
OFFSET ADJ 2 7 LOGIC REF 

IN3 SCAP 

VCC- 4 5 OUT 

L PACKAGE 

(TOP VIEW) 

LOGIC 

long hold times. Input offset voltages as low as 1 mV (LF198A) and gain errors as low as 0.001 % (LF198A, 
LF398A) allow these amplifiers to be used in 12-bit systems. Properly selecting the external hold capacitor 
optimizes the dynamic performance. Acquisition times can be as low as 41lS for small capacitors, while. hold 
step and droop errors can be held below 0.1 mV and 30 /lV/s, respectively, when using larger capacitors. 

The LF198 and LF398 are fixed at unity gain with 1 a 10_0 input impedance independent of the sample or hold 
mode. The logic inputs are at a high differential impedance to allow easy interfacing to any logic family without 
ground loop problems. A separate offset adjust pin can be used to zero the input offset voltage in either the 
sample or hold mode. Additionally, the hold capacitor can be driven with an external signal to provide precision 4 
level shifting or "differencing" operation. The devices operate over a wide supply voltage range from ±5 V to 
±18 V with very little change in performance. Key parameters are specified over this full supply range. 

The LF198 and LF198A are characterized for operation over the full military temperature range of -55°C to 
125°C. The LF398 and LF398A are characterized for operation from aoe to 7aoe. 

functional block diagram 

OFFSETADJ 
VIOmax 

TA 
AT 25'C 

OUT 

O'C 2mV 
to 

7mV 70'C 
-55'C 1 mV 

IN to 
125'C 3mV 

LOGIC $1 _,,' 
LOGIC 

, 1500 
L-_.JWo.:.'-_ CAP 

REF 

PRODUCTION DATA documants contsln Informallon 
currant 81 of publication data. Products conform to 
:r:CIliClllons par tha terms 01 TaliS Instrumants 

n •• ~~~.~I~r~:r.%io ~~r~:~1~"r::::~~~:.~.s nol 
TEXAS • 

INSTRUMENTS 
POST OFFICE BOX 655012' DALLAS, TEXAB 75265 

AVAILABLE OPTIONS 

PACKAGE 

CERAMIC DIP METAL CAN PLASTIC DIP 
(JG) (L) (P) 

- LF398AL LF398AP 
LF398JG LF398L LF398P 

- LF198AL -
- LF198L -

Copy~ght @1966, Texoslnstruments Incorporated 
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definition of terms 

Acquisition Time 

LF198, LF198A, LF398, LF398A 
PRECISION SAMPlE-AND-HOlD AMPLIFIERS 

The time required to acquire, within a defined error, a new analog input voltage with an output change of 10 V. 
Acquisition time includes output settling time and includes the time required for all internal nodes to settle so that 
the output is at the proper value when switched to the hold mode. 

Aperture Time 
The delay required between a hold command and an input analog transition so that the transition does not affect 
the held output. 

Dynamic Sampling Error 
The error introduced into the held output voltage due to a changing analog input at the time the hold command 
is given. Dynamic sampling error is expressed in mV with a given hold capacitor value and input slew rate. Note 
that this error term occurs even for long sample times. 

Gain Error 
The ratio of output voltage swing to input voltage swing in the sample mode expressed as a percent difference. 

Hold Settling Time 
The time required for the output to settle within 1 mV of final value after a hold command is initiated. 

Hold Step 
The voltage step at the output of the amplifier when switching from sample mode to hold mode with a constant 
analog input voltage and a logic swing of 5 V. 

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

Supply voltage, VCC+ (see Note 1) ..................................................... 18 V 
Supply voltage, VCC- (see Note 1) .................................................... -18 V 
Input voltage range, VI (any input, see Note 1) ........................................... VCC± 
Differ~ntial input v~lta~e, logic to logic referenc: (see Note 2) ............................... ~3~ V 4 
Duration of short-CIrCUIt current at (or below) 25 C (see Note 3) ........................... unlimited 
Duration of hold capacitor short-circuit current ............................................. 10 s 
Continuous total dissipation ........................................ See Dissipation Rating Table 
Operating free-air temperature, TA: LF198, LF198A .............................. -55°C to 125°C ~ 

LF398, LF398A .................................. O°C to 70°C 0 
Storage temperature range ................................................... -65°C to 150°C '';::: 
Lead temperature 1,6 mm (1/16 !nch) from case for 60 seconds: JG package .................. 300:C g 
Lead temperature 1,6 mm (1/16 Inch) from case for 10 seconds: L package ................... 300 C :::s 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ................... 260°C LL 

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-' 'ii 
2. The logic inputs are protected to ±30 V differential as long as the voltage on both pins does not exceed the supply voltage. For '(3 

proper operation, however, both the logic and logic reference pins must be at least 2 V below the positive supply, and one of these CJ) 
pins must be at least 3 V above the negative supply. Q. 

3. The output may be shorted to either supply. (J) 

DISSIPATION RATING TABLE 

PACKAGE TA;; 25°C DERATING DERATING TA = 70°C TA=125°C 
POWER RATING FACTOR ABOVETA POWER RATING POWER RATING 

JG (LF198.J 500mW 8.4 mW/oC 90°C 500mW 210mW 

JG (LF398.J 500mW 6.6 mW/oC 74°C 500mW N/A 

L (LF198.J 500mW 6.6 mW/oC 74°C 500mW 165mW 

L (LF398.J 500mW 5.2mW/oC 54°C 416mW N/A 
p 500mW 8.0mW/oC 88°C 500mW 200mW 

TEXAS ." 
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LF198, LF398 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

electrical characteristics In sample mode, VCC± = ± 15 V, VI = ± 11.5 V, Ch = 0.01 ~F, RL = 10 ItO; 
logic reference at 0 V, logic at 2.5 V (unless otherwise noted) 

PARAMETER TEST CONomONS TAt 
LF198 LF398 

UNIT 
MIN TYP MAX MIN TYP MAX 

Via Input offset voltage 
25°C 1 3 2 7 

Full range 5 10 
mV 

VCC± = ±5Vto±18V 
25°C 5 25 10 50 

liB Input bias current 
Full range 75 100 

nA 

Differential logic 
25°C 0.8 1.4 2.4 0.8 1.4 2.4 V 

threshold voltage 
Input current, logic and 

25°C 2 10 2 10 IJA logic reference 
Leakage current into hold VCC± = ±5Vto±18V, 

25°C 30 100 30 200 pA 
capacitor terminal Hold mode, See Note 4 
Hold capacitor charging 
current 

VI-Va = 2V 25°C 5 5 mA 

zi Input impedance 25°C 1010 1010 0 

Output impedance Hold mode 
25°C 0.5 2 0.5 4 

Zo Full range 4 6 
0 

Gain error (see Note 5) RL=10kO 
25°C 0.002 0.005 0.004 0.01 

Full range 0.02 0.02 
% 

Feedthrough attenuation 
f = 1 kHz 25°C 86 96 80 96 dB 

ratio 
Hold step (see Note 6) Va = 0 25°C 0.5 2 0.5 2.5 mV 

kSVR 
Supply-voltage rejection VCC± = ±5V to ±18 V, 

25°C 
ratio Va = 0 

80 110 80 110 V 

ICC Supply current 
VCC± = ±5Vto±18V, 

25°C 4.5 5.5 4.5 6.5 mA 
TA ;;: 25°C 

Acquisition time to 0.1% AVO = 10 V, Ch = ll1F 
25°C 

4 4 
(see Note 5) AVO = 10 V, Ch = O.OII1F 16 16 ItS 

tFull range Is -55°C to 125°C for the LF198 and O°C to 70°C for the LF398. 
NOTES: 4. The effects of a rise in junction temperature due to power dissipation or elevated ambient free-air temperature can be approximated 

by doubling the 25°C value for each 11°C Increase in junction temparature. The specified limit applies for the full input signal range. 
5. See definition of terms. 
6. See definition of terms. Hold step is sensitive to stray capacitance coupling between input logic signals and the hold capacitor. Stray 

capacitance of 1 pF, for example, creates an additional 0.5-mV step with a 5-V logic swing and a O.OI-I1F hold capacitor. The 
magnitude of the hold step Is inversely proportional to the value of the hold capacitor. 
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LF198A, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

electrical characteristics in sample mode, VCC± = ± 15 V, VI = ± 11.5 V, Ch = 0.01 IlF, RL = 10 kil, 
logic reference at 0 V, logic at 2.5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
LF198A LF398A 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 0.5 1 1 2 
Via Input offset voltage 

Full range 
mV 

2 3 
VCC± = ±5Vto±18V 

25°C 5 25 10 25 
liB Input bias current 

Full range 75 50 
nA 

Differential logic 
25°C 0.8 1.4 

threshold voltage 
2.4 0.8 1.4 2.4 V 

Input current, logic and 

logic reference 
25°C 2 10 2 10 1IA 

Leakage current into hold VCC± = ±S V to ±18 V, 
25°C 10 100 10 100 pA 

capacitor terminal Hold mode, See Note 4 

Hold capacitor charging 
VI-Va = 2V 25°C 5 5 mA 

current 

zi Input impedance 25°C 1010 1010 Q 

25°C 0.5 1 0.5 1 
Zo Output impedance Hold mode 

Full range 4 6 
Q 

Gain error (see Note 5) RL=10kQ 
25°C 0.001 0.005 0.001 0.005 

Full range 0.01 0.01 
% 

Feedthrough attenuation 
f = 1 kHz 25°C 86 96 86 96 dB 

ratio 

Hold step (see Note 6) Va = 0 25°C 0.25 1 0.25 1 mV 

kSVR 
Supply-voltage rejection VCC± = ±5 V to ±18 V, 

25°C 90 110 90 110 V 
ratio Va = a 

ICC Supply current 
VCC± = ±5Vto±18V, 

25°C 4.5 5.5 4.5 6.5 niA 
TA " 25°C 

Acquisition time to 0.1 % "'-Va = 10 V, Ch = 1 ILF 
25°C 

4 6 4 6 

(see Note 5) "'-Va = 10 V, Ch = O.D1ILF 16 25 16 25 
ILs 

tFuil range is -55°C to 125°C for the LF198A and O°C to 70°C for the LF398A. 
NOTES: 4. The effects of a rise in junction temperature due to power dissipation or elevated ambient free-air temperature can be approximated 

by doubling the 25°C value for each 11°C increase in junction temperature. The specified limit applies for the full input signal range. 
5. See definition of terms. 
6. See definition of terms. Hold step is sensitive to stray capacitance coupling between input logic signals and the hold capacitor. Stray 

capacitance of 1 pF, for example, creates an additional 0.5-mV step with a 5-V logic swing and a 0.01-ILF hold capacitor. The 
magnitude of the hold step is inversely proportional to the value of the hold capacitor. 
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LF198, LF198A, LF398, LF398A 
PRECISIONSAMPLE·AND·HOLD AMPLIFIERS 

TYPICAL CHARACTERISTICS, VCC± = ±15 vt 
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FIGURE 1 
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FEEDTHROUGH ATTENUATION RATIO 
vs 

FREQUENCY 
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FIGURE 3 

f - Frequency - Hz 

FIGURE 4 

tOata at high and low temj:)8ratures are applicable only within the rated operating free·air temperature ranges of the various devices. 
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LF198, LF198A, LF398,LF398A 
PRECISION SAMPLE·AND·HOLD AMPLIFIERS 

TYPICAL CHARACTERISTICS, VCC± = ± 15 vt 
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tOata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices, 
NOTE 7: The amplitude of the hold step varies Inversely with the value of the hold capacitor, 
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LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

TYPICAL CHARACTERISTICS, VCC± = ± 15 vt 

ID ... 
I 
0 
i 
~ 
c 
0 
13 
.~ 
~ .. 
f 
a ... 
iil 
I 
~ 

~ 

~ 
> c 
I 

160 

140 

120 

100 

80 

60 

40 

20 

SUPPLY VOLTAGE REJECTION RATIO 
vs 

FREQUENCY 

VO=O "" 

TJ = 25DC 

....... 
........ r-. r--. ~I~IIIE SUPPLY 

~ 
NEGATIVE SUPPLY ........ , 

~~ 

o 
100 lk 10 k lOOk 1M 

160 

140 

120 

f - Frequency - Hz 

FIGURE 9 

OUTPUT NOISE VOLTAGE 
VS. 

FREQUENCY 

TJ = 25DC 

~ 100 
1\ H OLD MODE .. 

0 
> 
II 
~ 
'S ... 
'S 
0 
I 
c 

> 

80 

60 

40 

20 

o 
10 

r-. 1"1'-
SAMP~~,~ODE 

IIIIIII I 
100 1 k 10k lOOk 

f - Frequency - Hz 

FIGURE 11 

<I 
E 

C 

~ 
U 
'S 
~ 
0 
=§ 
I:! 
U 
1!: 
0 .c 
til 
I 
til 
5} 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

JUNCTION TEMPERATURE 

r\. 
" '-
" " r-...SOURCING 

" "'-
r--..... SINKING ~ ---- .......... --r--............. 

O~~----~----~~----~----~~----~ 
-75 -50 -25 0 25 50 75 100 125 

T J - Junction Temperature - DC 

FIGURE 10 

DYNAMIC SAMPLING ERROR 
vs 

INPUT SLEW RATE 

100~_" ~DC 

Input Slew Rate - Vlms 

FIGURE 12 

toata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LF19a, LF19aA, LF39a,LF39aA 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

TYPICAL CHARACTERISTICS, VCC± = ± 15 vt 
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FIGURE 14 

OUTPUT DROOP RATE 
vs 

HOLD CAPACITANCE 

10-4 .................... ~ ....... ~.II.I'-~ ....... ~ ...... ...u.1.I..I.DII 
100 pF 1000 pF 0.0111F 0.111F 111F 

Ch - Hold Capacitance 

FIGURE 16 

tOata at high and low temperatures are applicable only within the rated operating free·alr temperature ranges of the various devices. 
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LF198, LF19SA, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

TYPICAL CHARACTERISTICS, VCC± = ± 15 vt 

0.001 

"#- 0.01 
I 

I 
5 
~ 
! 0.1 

1 

CAPACITOR DIELECTRIC ABSORPTION 
vs 

SAMPLE TIME 

dV,,10Y" 

Measured 1 ms after 

start of hold mode 
UI' 

TEFLON 

P6L ~~wm:N~ f-"""f-o'" 
V 

I III V f-""" POLYPROPYLENE 

~IN~6 L 

~ MICA 

1 lIS 101'5 100 lIS 1 ms 10ms 

5 

> 
E 0 .. ... 
::I ." -5 is. 

~ 
'5 
So 
::I 
0 

Sample Time 

FIGURE 17 

OUTPUT TRANSIENT 
AT START OF HOLD MODE 

All values of Ch 

f""'.. V\ 
1\ V 1\ 0.01% (1 mY) 

SETTLING" 0.81'5 
v 

o 0.2 0.4 0.6 0.8 

t-Tlme-lis 

1.2 1.4 1.6 

FIGURE 19 

0.001 

"#-0.01 
I 

I 
c o 
~ 
! 0.1 

CAPACITOR DIELECTRIC ABSORPTION 
vs 

TIME IN HOLD MODE 

...... 1"-
~ T~FLON IIIIII II 

i' POLYSTYRENE 

POLYPROPYLENE "-
......... 
."-.. NPO 

dV" 10V 
Sample Time" 1001's 

1 
l1's IOl'S 100 I's 1 ms 10ms 

Time In Hold Mode 

FIGURE 18 

OUTPUT TRANSIENT 
AT START OF SAMPLE PERIOD 

0.6 r----,--.....,.---,----.----, 
0.4 hrT---j---<----+-----+-----J 

t -0.41---f\.oL-.. 
is. 

~ 

NEGATIVE INPUT SLEW RATE 
-0.21-----1-- (OR SAMPLE RATE> 5 kHz) 

Ch;" 0.01 I'F -0.41.--......I. __ ;;....._....;.... ...... _--' __ ..J 

o 2 3 4 5 
t-Time-IiS 

FIGURE 20 

tData at high and low temperatures are applicable only within the rated operating· free-air temperature ranges at the various devices. 
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hold capacitor 

LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

TYPICAL APPUCATION DATA 

For fast sample-and-hold applications, the value of the hold capacitor is critical. A low value gives fast acquisition 
but also increases errors due to hold step and droop caused by amplifier bias current. The capacitor should be 
made as large as possible consistent with acquisition time and dynamic sampling error requirements. Capacitors 
larger than O.lIlF are generally not available in the low-loss dielectrics like Teflon, Polystyrene, and NPO, at least 
not at a reasonable price and size. Mylar, even with its poor dielectric absorption properties, may be a reasonable 
choice when very long sample times are used and low droop rates are needed. 

Dielectric absorption in the hold capacitor can often be the major source of error in a sample-and-hold amplifier. 
The equivalent "circuit" of a typical capacitor with parallel RC networks used to model dielectric absorption is 
shown in Figure 21. In this capacitor, rapid changes in capacitor voltage are not tracked by the internal parasitic 
capacitors because of the resistance in series with them. This leads to a "sag" effect in the hold capacitor after 
a sudden change in voltage followed by a rapid switch to the hold mode. The capacitor remembers its previous 
state via the charge in the internal parasitiC capacitance and sags back slightly toward the previous voltage. The 
magnitude of the sag depends upon the voltage change and the time spent sampling the new voltage. Several 
time constants are typically evident in the sag, although some capacitors tend to exhibit a single time constant, 
while others show a sag that indicates a blending of many time constants. Figures 17 and 18 show the amount 
of sag found after a 10-V step, with sample time at the new voltage and hold time at the neW voltage as variables. 
It is obvious that sag problems are minimized by long sample times and short hold times. While this is often in 
conflict with basic sampling requirements, the sample-and-hold amplifier should be kept in the "tracking", or 
sampling, mode as much as possible to maximize the time the hold capacitor spends near the voltage at which 
it eventually "holds". 

m~ 
~C2 

NOTE: C1 and C2 are approximately equal to 0.01Ch to 0.1Ch. R1 and R2 generate time constants of 0.1 to 50 ms with C1 and C2. 

FIGURE 21. TYPICAL HOLD CAPACITOR EQUIVALENT CIRCUIT 

II 
(/) 
C o 

The best capacitor for sample-and-hold applications is Teflon, which is clearly superior with regard to dielectric ; 
absorption and operates over the full temperature range (-55°C to 125°C). If size or price is a problem, the g 
second choice for full-temperature-range operation is NPO (or COG) ceramic units. Some care must be used ~ 

because not all NPO capacitors use the low-dielectric-constant ceramic necessary for low dielectric absorption. u.. 
For lower temperature (S 70°C), Polystyrene has traditionally been the best hold capacitor. The best units are 
cylindrical and fairly large; there seems to be a strong correlation between small size and poor dielectric 
performance. Polypropylene has nearly the same absorption properties as polystyrene and offers 85°C 
operation; it also tends to be smaller. Other standard dielectrics such as mica, glass, mylar, and ordinary ceramic 
are much worse with regard to dielectric absorption. Mylar is sometimes used for large values when the ratio 

. of sample to hold time is large and extremely low droop is required. 

dynamic sampling error 

A significant sampling error can occur in any sample-and-hold amplifier·if the input is moving when the unit is 
put into the hold mode. The two major causes for this error are digital delay in switch opening and analog delay 
across the hold capaciior. The switch opening delay is obvious and leads to a "held" output error of (dv/dt) x td; 
dv/dt is the slew rate of the input signal and ~ is the switch delay. For this device, ~ is approximately 150 ns, 
giving a 4.5-mV error when sampling the zero crossing of a 5-V (peak) sine wave at 1.kHz (dv/dt = A x 21tf = 
5 x 21t X 103). The analog delay is the difference between input signal and capacitor voltage. It is determined 
by the RC product of the hold capacitor and the effective series resistance, which in this device is about 150 Q. 
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LF198,LF198A, LF398,LF398A 
PRECISION SAMPLE~AND-HOLD AMPLIFIERS 

TYPICAL APPLICATION DATA 

This analog delay with a 0.01-~F hold capacitor is R x C = 150 x 10-8 = 1.5 ~s, or about ten times the delay 
of the switch. The held output is related in time to the input voltage before the hold command was given. The 
overall dynamic sampling error is the sum of the digital and analog errors. Figure 12 helps estimate these errors 
as a function of input slew rate and hold capacitor size. 

Dynamic sampling error can be reduced by a factor of ten or more by inserting a delay in the logic input so that 
the "hold" command is delayed by an amount equal to the RC time constant of the device and the external hold 
capacitor. For a 0.01-~F hold capacitor and the 150-0 resistor internal to this device, this value is 1.5~. A simple 
RC network can be used in front of the logic input for delays up to approximately 1~. Longer delays require 
the addition of a logic gate to speed up the rise time of the delayed signal. See "logic rise time" for further details. 

hold step 

Hold step is the small voltage step (after settling) seen at the output of a sample-and-hold amplifier when it is 
switched from the sample mode to the hold mode with a steady dc input. Hold step is typically the result of, or 
can be modeled as, a fixed quantity of charge transferred to the hold capacitor due to internal switching that 
occurs during the hold command. In the case ofthis device, that charge is approximately 5 pC, giving a hold step 
of 0.5 mVfor a 0.01-~F hold capacitor and 5 mVfor a 1 OOO-pF hold capacitor (V = a/C). Hold step is reasonably 
independent of logic amplitude if care is taken to minimize the stray capacitance between the logic input and the 
hold capacitor. With thoughtful layout, including the guarding technique shown in Figure 21, stray capacitance 
should be under 0.3 pF, limiting charge variations to less than 0.3 pCN. 

vcc+ 

NOTE: Use 10-pin layout. The guard around Ch is tied to output. 

FIGURE 22. GUARDING TECHNIQUE (BOTTOM VIEW) 

Hold step varies slightly with analog input voltage (see Typical Characteristics). A typical unit changes at a rate 
of 0.4 pCN. This slight variation manifests itself as a gain error when the amplifier is switched to the hold mode. 
With a 0.01-~F capaCitor, the resulting gain error is (0.4 pCN)/0.01 ~F = 0.004%. This gain error is in the 
opposite direction of dc (sample mode) gain error. When the hold capacitor has a high value, dc gain error 
dominates and gain is slightly below unity (0.002%). When the hoid capacitor has a low value « 0.01 ~F), gain 
error induced by hold step dominates, and hold-mode gain is slightly above unity. Zeroing out hold step does 
not change the variation of hold step with regard to input Voltage. 
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offset zeroing 

lF198, lF198A, lF398, lF398A 
PRECISION SAMPlE-AND-HOlD AMPLIFIERS 

TYPICAL APPLICATION DATA 

A sample-and-hold amplifier has two distinct offset voltages. The first is the dc offset voltage of the amplifier while 
in the sample, or "tracking," mode. It is identical to the input offset voltage of any operational amplifier. The 
second offset voltage is the sum of the dc offset voltage plus a dynamic term called hold step. Hold step is a 
change in output voltage when the amplifier is switched from sample mode to hold mode with the input held 
steady. This second offset voltage is often called hold-mode offset voltage. It can be less than or much greater 
than the dc offset voltage, depending on the magnitude and sign of hold step. 

A fairly accurate model for hold step is a fixed charge injected into the hold capacitor by the switch turn-off 
circuitry. The magnitude of the charge is reasonably independent of logic input amplitude. The resulting change 
in the hold capacitor is Q/Ch' The charge Q is typically 5 pC, giving a 0.5-mV hold step with a 0.01-I1F hold 
capacitor. Since most sample-and-hold amplifiers are "used" (i.e., have their outputs read by an A-to-D 
converter), during the hold mode, hold-mode offset voltage is arguably more important than the sample-mode 
dc offset voltage. 

Adjusting dc offset voltage is accomplished with a 1-k.Q low TC cermet potentiometer tied to V CC+ with 0.6 rnA 
flowing through it and the wiper tied to pin 2. This allows pin 2 to be moved ± 300 mV around its nominal voltage 
(0.3 V below VCC+)' The offset voltage adjustment range is ± 9 mV, and the adjustment procedure nominally 
improves offset voltage drift when the dc offset voltage is reduced to zero. This offset method can be used to 
zero out hold-mode offset voltage, but at the expense of some induced offset voltage drift. Each millivolt of hold­
step offset corrected by this method introduces 3.311V/oC drift. For 0.002-I1F hold capacitors or larger with hold 
step a few millivolts or less, this is a practical solution to hold-mode offset voltage. In precision, wide-temperature­
range applications, or when Ch is less than 0.002I1F, a separate hold-mode zeroing method should be used. 
The circuit shown in Figure 28, which uses a logic inverter and a 5-pF capacitor, is recommended. 

logic fall time 

Hold step is independent of logic input fall time only for fall times faster than 10 V/l1s. For example, as logic fa, II 4 
time changes from 10 V/l1s to 1 V/l1s, hold step with a 0.01-I1F hold capacitor typically increases from 0.25 mV 
to 1 mV. (See Figure 7 for more data and refer to Figure 23.) If logic slew rate is not constant, use the value 
at the threshold point (1.5 V with respect to logic reference). An RC network will have a discharge slew rate of 
VL/RC, where VL is the logic threshold of the LF198. The delay generated by the network will be RC x In(VCC+1 ~ 
VL), where VCC+ is logic amplitude. For a 1-l1s delay with 5-V logic, an RC time constant of 0.81lS is required. 0 
This has a slew rate of 2 V/IlS at threshold, which slightly degrades hold step. It is obvious that an RC delay .~ 
network significantly longer than 1 I1s will have a large effect on hold step. If longer delays are required, they g 
should be followed by several inverter stages or a Schmitt trigger to increase slew rate. :::s 

u. 

R 
LOGIC ~Wv--'--; 

NOTE; Inverters may be eliminated for RC " 31's. 

FIGURE 23. ADDING DELAY TO LOGIC INPUT 
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LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE·AND·HOLD AMPLIFIERS 

TYPICAL APPLICATION DATA 

8.2 lin "..:.;f.t 
13VnSAMPLE 

-13V HOLD 4.7kn 

~ L HOLD 

THRESHOLD = 1.4 V 

'~MA~-~ VIH n HOLD 7 R8 

~ L SAMPLE ~ 5.6 lin 

THRESHOLD = 1.4 V 

(a) TTL and CMOS 
VIH (High State) = 3 V 10 10 V 

NOTES: A. Select RI for 2.8 V at pin 8. 

THRESHOLD = 0.6VCC + + 1.4 V 

V'TI~MR~~ 30 lin 
SAMPLE ~ 

THRESHOLD = 0.6VCC + -1.4 V 

(b) CMOS 
VIH (High State) = 7 V 10 15 V 

THRESHOLD = 4 V 

LF198 

13VfEHOLD 8 

. 8.2 lin 
-13V SAMPLE 

THRESHOLD = - 4 V 

(e) OP AMP DRIVE 

B. The logic input signal high level must be at least 2 V below the positive supply voltage of the device. 

FIGURE 24. LOGIC INPUT CONFIGURATIONS 

4.7 lin 

VB---- (_NoteA) 

15V 
Rl R2 

10011n 2MQ 

R3 
1 MQ 

1% 

OF'151 OUT 

-15V 

NOTE A: For lower gains, the LTI008 must be frequency 
compensated. Use approximately (100/AV) pF from 
comp2 to ground. 

FIGURE 25. x1000 SAMPLE-AND-HOLD 

1 kn 
VI ~ (- Note B) 

O.OlI1F n RESET 
~ LTRACK 

NOTES: A. Vo = VB + <loVI (Hold mode). 
B. This resistor protects input from surge 

currents but increases sample time. It can 
be eliminated if inpulis otherwise protected. 

C. Output follows input In hold mode and 
resets to VB in sample mode. 

FIGURE 26. SAMPLE-AND-DIFFERENCE 
CIRCUIT 

4-16 TEXAS ." 
INStRUMENTS 

POST OFFICE BOX 655012' DAlLAS, TEXAS 75285 



LF198, LF198A, LF398, LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

TYPICAL APPLICATION DATA 

-15V 

15V Rl 
8.2110 

01 
LT1004 
1.2V 

~---+1~OUT 

NOTE A: Select R2 for ramp rate IW/At = 1.2 V/(R2)(Ch), 
R~IOkO. 

FIGURE 27. RAMP GENERATOR WITH 
VARIABLE RESET LEVEL 

15V 

A INPUT 
LF398 

ASELECT = 5Vn . 

BSELECT = OV~ L 

PARAMETER A 

Gain 1 +0.02 

zi 107 

BW = 1000 

Crosstalk at 1 kHz -90 

Offset ,;6 

BINPUT 

B 

1 ±0.2 

47 

= 400 

-90 

,;75 

OUT 

UNIT 

% 

kn 

kHz 

dB 

mV 

FIGURE 29. 2-CHANNEL SWITCH 

~----+-OUT 

Rl 
R2 200110 

200110 

NOTES: A. Adjust R3 for amplitude. 
B. Select for time constant CI = 't /1 00 kg. 

FIGURE 31. CAPACITOR HYSTERESIS 
COMPENSATION 

FIGURE 28. DC AND AC ZEROING 

OUT 
(see Note A) 

r---
VIC'::' L-____ ~ 

NOTE A: Output equals VCC when in hold mode. Output 
equals (VCC + VIC) when in sample mode. 

FIGURE 30. DIFFERENTIAL HOLD 

IN OUT 

NOTE A: Select (Rh)(Ch) » ~ 
~"'I(MIN) 

FIGURE 32. OUTPUT HOLDS AT 
AVERAGE OF SAMPLED INPUT 

II 
rn 
c o 
'~ 
C 
::::I 

U. 

"i 
'u 
CD 
Q. 
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LF19S, LF19SA, LF39S, LF39SA 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

4-18 

TYPICAL APPLICATION DATA 

SV RESET :::;;---_-+_OUT 

OV~ 
V CLOCK 

O:~---~~~~~~ Q3 
LT10D4-1.2 

1.2V 

C2 
:;[;300pF 

is" R4 
8.2kO 

LF398 

3 

1SV 
01 R7 R9 
1N914 4.7k.Q 3k.Q 

C4 
:;[;300pF 

NOTE A: Select R6 for step height. 50 k.Q ~ I·V step. 

FIGURE 33. STAIRCASE GENERATOR 

7 T1 6 

R1 R8 

R6 
50 k.Q 
(see NoleA) 

II {]LM135 1000 R9 120 k.Q (see NoleA) 20 k.Q • 10 mV/oC 
R2 03 3 2 I.SMO 1N914 

ISV 

CS 
0.OO47J.1F:;[; 

OUT 

R5 
10 my/oK 

2.4 k.Q 01 

R6 IN914 
-15V 

4.7 k.Q 

R4 R3 C2 
2.7 k.Q 33 k.Q 470 pF 

-ISV 

NOTE A: R8 compensates for transformer resistance. Select for flat output from LFI98 
while in sample mode. 

FIGURE 34. ISOLATED TEMPERATURE SENSOR 
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D1 
1N914 

(see NoleA) 

LF19S, LF19SA, LF39S, LF39SA 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

TYPICAL APPLICATION DATA 

~~~~l VR 3 
INPUT ~ LF398 

RESET 

INTEGRATE TL 
R1 

1 MQ 
1% 

OUT (see Nole A) 

R2 
200kQ 

1% 

DIFFERENTIAL { 
INTEGRATING 

INPUT 

~M-----*---~----~ 
R3 R4 

1 MQ 200 kQ 
1% 1% 

NOTE A: VO(Hold mode) = [(R1)~Ch)f~Vldt 1 + VR 

FIGURE 35. INTEGRATOR WITH 
PROGRAMMABLE RESET LEVEL 

R1 
6kQ 

~ C1 

7 

111F 9 

R2 
R14 33kQ 

56 kQ (see Nole B) 2 

C3 
511F 

{see Note B) 
R10 

5kQ 

R9 
3.9kQ D2 

1N4148 
R4 
1 kQ 3 R8 

10 kQ 
R7 
7.5kQ MOTOR 

NOTES: A. Ot is used for start·up. It limits duty cycle to approximately 75%. 
B. Select for optimum loop stability. C3 is nonpolarized. 
C. No tachometer is needed; back EMF of motor is sampled and used to control speed. 

FIGURE 36. MOTOR SPEED CONTROLLER 
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LF198, LF198A, LF398,.LF398A 
PRECISION SAMPLE-AND-HOLD AMPLIFIERS 

TYPICAL APPLICATION DATA 

15V 

R1 
1.24 k.Q 

Q2 
2N3906 

C2 
1000.,/ POL STYRENE 

R2 
3k.Q 

Q3 
2N3906 

ILIN 

REF 

-5V 

NOTES: A. Read;, 1 J.ls after Q goes low. 

02 

04 

5V 

D3 

C4 
1000 pF 

B. For repetitive pulses only. Increase C5 for f ,:; 10kHz. 
C. D2-D51N914. 

OUTPUT TO SYNCHRONIZED 
AID CONVERTER 

(see Note A) 

2N3904 

C5 
rO.1I1F 

DVM OUTPUT 
(see Note B) 

FIGURE 37. PULSE DURATION TO VOLTAGE CONVERTER 

1SV 1SV 

10-l1s SAMPLE -+I I+- IN OUT osn LF398 

IL 
270n 5 ms-+l I+-

FIGURE 38. FAST·ACQUISITION, LOW·DROOP SAMPLE·AND·HOLD 

4-20 .. TEXAS ~ 
INSTRUMENlS 

POST OFFICE BOX 655012· DALLAS, TEXAS 75265 



• Output Swings to Ground for Zero­
Frequency Input 

• Only One RC Network Provides Frequency 
Doubling for Low Ripple 

• 8-Pin Versions Interface Directly to Variable­
Reluctance Magnetic Pickups 

• Uncommitted Collector and Emitter Outputs 
Provide 40-mA Sink or Source Current to 
Operate Relays, Solenoids, Meters, or LEOs 

• Built-In Hysteresis for Noise Immunity 

• Linearity Typically ± 0.3% 

• 8-Pin Versions are Fully Protected from 
Damage Due to TACH Input Swing Above 
VCC and Below Ground 

applications 

Over/under speed sensing 
Frequency-to-voltage conversion 
Speedometers 
Breaker-point dwell meters 
Hand-held tachometers 
Speed governors 
Cruise control 
Automotive door-lock control 
Clutch control 
Horn control 
Touch or sound switches 

description 

LM2907. LM2917 
FREQUENCY-TO-VOLTAGE CONVERTERS 

03003. MARCH 1985-REVISED OCTOBER 1988 

LM2907. LM2917 ... D OR P PACKAGE 

(TOP VIEW) 

TACH+ D8 GND 
CAP1 2 7 IN-

CPO/IN + 3 6 VCC 
E 4 5 C 

LM2907. LM2917 ... D OR N PACKAGE 

(TOP VIEW) 

TACH+ NC 
CAP1 NC 

CPO GND 

IN+ TACH-

E IN-

NC VCC 
NC C 

NC - No internal connection 

The LM2907 and LM2917 are monolithic frequency-to-voltage converters with an output circuit designed 
to operate a relay, lamp, or other load when the input frequency reaches or exceeds a selected rate. The 
converter (tachometer) section consists of a comparator driving a charge pump and offers frequency 
doubling for low ripple, full input protection in 8-pin versions, and an output swing to ground for a zero­
frequency input. The output section consists of an operational amplifier, normally operating as a comparator, 
that drives an output transistor with both the collector and emitter floating. The circuit can either sink 
or source 40 mA of load current. 

Two basic configurations of the devices are offered; an 8-pin version and a 14-pin version. The 8-pin versions 
have a ground-referenced tachometer input and an internal connection between the tachometer output 
and the operational amplifier input. The 8-pin version is well suited to single-speed or single-frequency 
switching or fully buffered frequency-to-voltage conversion applications. The more versatile 14-pin versions 
provide differential tachometer inputs and uncommitted operational amplifier inputs. In the 14-pin versions, 
the tachometer input can be floated and the operational amplifier becomes suitable for active filter 
conditioning of the tachometer output. 

The LM2917 has an active shunt regulator connected across the power leads. The regulator clamps the 
supply voltage so that stable frequency-to-voltage and frequency-to-current conversions are possible with 
any supply voltage and a suitable resistor. 

The LM2907 and LM2917 are designed for operation from -40 aC to 85 ac. 

Copyright © 1986. Texas Instruments Incorporated 

en 
C o 

'';:: 
(J 
C 
:::I 

LL 

(ij 
'u 
Q) 
c. 
rn 

PRODUCTION DATA documanll .ontain information 
camnt II of publication data. Products confarm to 
s .... ificlli .... per Iha torms of T .... Instrumants 

:'=:~~~~~:r.1i ~::I:~: :.r::;:~lt::'.~ not 
TEXAS "'I 

INSTRUMENTS 
4-21 

POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 



" c 
~ 
(') .... 
0" 
~ 
II) 

LM2907, LM2917 
FREQUENCY·TO·VOLTAGE CONVERTERS 

functional block diagrams 

8-PIN VERSIONS 

IN_~(~71~ ____________________ ~ 

IN- (10) 

TACH+ (1) 

TACH-

•• I 

(31 

CPO/IN + 

~ ILM2917 ONLYI 

14-PIN VERSIONS 

VCC ~(:::.9)!.-__ ........ CAP1 
I 1 (LM2917 ONLY) 

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

Supply voltage, VCC: LM2907................................................ 28 V 
Supply current, ICC: LM2917 ............................................... 25 mA 
Collector-to-emitter voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 28 V 
Operational amplifier input voltage, IN + and IN - ............................. 0 V to VCC 
Tachometer input voltage: 8-pin version TACH + ............................. 0 V to 28 V 

14-pin version TACH + and TACH - .................. 0 V to V CC 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range ......... . . . . . . . . . . . . . . . . . . . . . . . . .. - 40°C to 85 °C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperture range 1,6 mm (1/16 inch) from case for 10 seconds .................. 260°C 

DISSIPATION RATING TABLE 

PACKAGE 
TA'" 25°C DERATING FACTOR TA - 85°C 

POWER RATING ABOVE TA - 25°C POWER RATING 
D (8 pins) 725 mW 5.8 mW/oC 377mW 
0(14 pins) 900mW 7.2 mW/OC 468mW 

N 1000 mW 7.7 mW/oC 500mW 

P 900mW 7.2 mW/oC 468 mW 
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LM2907, LM2917 
FREQUENCY·TO·VOLTAGE CONVERTERS 

electrical characteristics. Vee = 12 V (LM29071. V + 
converter (tachometer) section 

12 V through 470 n (LM29171. TA = 25 °e 

LM2907 LM2917 
UNIT PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

VT Input threshold voltage VI ~ 250 mV, I ~ 1 kHz ±10 ±15 ±40 ±10 ±15 ±40 mV 

Vhys 
Input hysteresis 

VI ~ 250 mV, I ~ 1 kHz 30 30 mV 
Isee Note 1) 

Input offset I a-pin versions VI ~ 250 mV, I ~ 1 kHz 5 15 5 15 
VIO 

voltage (see Note 1) I 14-pin versions 
mV 

VIO ~ 250 mV, I ~ 1 kHz 3.5 10 3.5 10 

liB Input bias current VI - ±50 mV 0.1 1 0.1 1 ~A 

VOH 
High-level output 

VI or VID ~ 
voltage, CAPl 

125 mV 8.3 5.0 V 

VOL 
low-level output 

VI or VID ~ 
voltage, CAPl 

-125 mV 2.3 1.2 V 

CAPl and CPO at 6 V 140 180 240 
10 Output current, CAP1, CPO 

CAPl and CPO at 3.8 V 140 180 240 
~A 

Leakage current, CPO 
CAPl open, CPO at 0 V, 

See Note 3 
0.1 0.1 ~A 

Gain constant 0.9 1 1.1 0.9 1 1.1 

Nonlinearity Isee Note 2) f ~ 1 kHz, 5 kHz, or 10 kHz 0.3 ±1 0.3 ±1 % 

output section 

LM2907 LM2917 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

VI ~ 6 V, See Note 3 3 10 
Via Input offset voltage mV 

VI ~ 3.8 V, See Note 3 3 10 

VI ~ 6 V 50 500 
liB Bias current nA 

VI ~ 3.8 V 50 500 

AV Voltage amplification 200 200 V/mV 

IC Collector output (sink) current Vc ~ 1 V, VE ~ 0 40 50 40 50 mA 

IE Emitter output (source) current Vc - VCC, VE - VCC-2 -10 -10 mA 

IC ~ 5 mA 0.1 0.5 0.1 0.5 

VCElsat) 
Collector-emitter 

IC ~ 20 mA 1 1 V 
saturation voltage 

IC ~ 50 mA 1 1.5 1 1.5 

NOTES: 1. Hysteresis is the algebraic difference VT + - VT _; oflset voltage is the difference in magnitudes 1 VT + 1 - 1 VT _ I. See 
parameter measurement information test circuits. 

2. Nonlinearity is defined as the deviation 01 Va at CPO lor I ~ 5 kHz Irom a straight line defined by the Va at 1 kHz and Va 
at 10 kHz, with Cl ~ 1000 pF, Rl ~ 68 kll, C2 ~ 0.22 ~F. 

3. Pin 2 must be bypassed with a 0.00 l-~F capacitor to prevent oscillation for these tests. 
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LM2907, LM2917 
FREQUENCY·TO·VOLTAGE CONVERTERS 

electrical characteristics 

zener regulator (LM2917 onlyl v+ .. 12 V through 470 O. TA - 25°C 

PARAMETER 

Vee Regulated supply voltage 

rs Series resistance 

"vee Temperature coefficient of regulated supply voltage 

total device (LM2907 onlyl VCC - 12 V. TA .. 25°C 

MIN TYP MAX 

7.56 
10.5 15 

1 

PARAMETER MIN TYP MAX 

• en 
"0 
CD 
C') 

e: 
"T1 
C 
:1 
C') .... O· 
:1 
en 

4-24 

lee Supply current 

TACH + 

CAP1 

CPO 

3.8 6 

PARAMETER MEASUREMENT INFORMATION 

TACH + 

CAP1 CPO 

l' C1 .... R1 

TEST CIRCUIT 

: V:=- 15mvV 
I I - - .." - VOH 

I I ~ 
I I I I 2 

I I I I - VOL 

I I I I I I I I 

WAVEFORMS 

FIGURE 1. TEST CIRCUIT AND WAVEFORMS 
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LM2907, LM2917 
FREOUENCY-TO-VOLTAGE CONVERTERS 

TYPICAL APPLICATION DATA 

The LM2907 and LM2917 frequency-to-voltage converter circuits are designed for maximum versatility 
with a minimum of external parts. The first stage of these devices is a differential comparator. The single­
input 8-pin versions have one input grounded so that an input signal must swing above and below ground 
and exceed the input thresholds to produce an output. This version is specifically for magnetic variable­
reluctance pickups. which typically provide a single-ended ac output. These single-ended inputs are fully 
protected against voltage swings to ± 28 V. which are easily attained by these types of pickups. 

The differential-input 14-pin versions provide the option of setting the input reference level and still having 
hysteresis around that level to provide excellent noise rejection in any application. The input protection 
is removed in the 14-pin versions. Therefore. neither of the differential inputs should exceed the limits 
of the supply voltage. An input must not go below ground without a resistance in the lead to limit the 
current that will flow in the epi-substrate diode. The charge pump circuit that follows the input stage 
produces a dc output voltage proportional to the input frequency. The charge pump circuit (see Figure 2) 
consists of a timing capacitor (C1). an output resistor (R1). and an integrating or filter capacitor (C2). When 
the input changes state (due to a suitable zero crossing or differential voltage on the input). the timing 
capacitor is either charged or discharged linearly with a constant current of 200 pA through CAP1 between 
two voltages whose difference is VCC/2. Within one-half cycle of the input frequency or a time equal to 
1/2f. the change in charge on C1 is equal to (VCC/2)C1. The average amount of current pumped into or 
out of the capacitor is: 

Q ~ CAP1 current (average) = T = C1, 2 ,2f = VCC ' f • C1 

The output of the charge pump accurately mirrors the CAP1 current into the load resistor (R 1) connected 
to CPO. If the pulses of current are integrated with a filter capacitor. the output voltage is the average 
CAP1 current times R1. and the total equation becomes: 

Va = VCC ' f ' C1 ' R1 ' K 

where K is the gain factor. which is typically 1. 

The size of C2 is dependent only on the amount of ripple allowable and the required response time. 

selection of R1, C1, and C2 

To achieve optimum performance. there are some limitations to be considered in the selection of R1 and 
C1. The timing capacitor controls the RC time and provides internal compensation for the charge pump 
circuit. For very accurate operation it should be 100 pF or greater. Smaller values. especially at lower 
temperatures. can cause ali error current through R1. VO/R1 must be less than or equal to the output 
current at CPO. which is fixed typically at 180 p.A. If R1 is too large it becomes a significant fraction of 
the output impedance at CPO. which degrades the linearity. In addition. ripple voltage must be considered 
when selecting R1. The size of C2 is directly affected by the size of R1. An expression that describes 
the ripple content at CPO is: 

V - VCC C1 (1 V f C1) 
ripple - "2' C2 ' - CC' • 250 

where 

C1 and C2 are in farads 
VCC is in volts 
f is in hertz. 

volts peak-to-peak 
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LM2907, LM2917 
FREQUENCY·TO·VOLTAGE CONVERTERS 

TYPICAL APPLICATION DATA 

R1 cannot be chosen independently of ripple because response time or the time it takes Va to stabilize 
at a new level increases as the size of C2 increases~ A compromise between ripple. response time. and 
linearity must be chosen carefully. As a final consideration. the maximum attainable input frequency is 
determined by Vcc. C1. and Icap (current through CAP1). 

f - Icap h 
max - C1 • VCC ertz 

where 
Icap is typically 200 /LA 
C1 is in farads 
VCC is in volts. 

zener regulator options (LM2917) 

For those applications in which an output voltage or current must be obtained independently of supply 
voltage variations. the LM2917 can be used. The most important factor in selecting a dropping resistor 
for the unregulated supply is that the frequency-to-v.oltage converter circuit and the operational amplifier 
alone require approximately 3 mA at the voltage level set by the zener diode. At low supply voltages there 
must be some current flowing in the resistor above the 3 mA circuit current to operate the regulator. As 
an example. if the supply voltage varies between 9 and 16 V. a resistance of 470 n will minimize the 
zener voltage variation to typically 160 mV. If the resistance goes under 400 n or above 600 n. the zener 
variation quickly rises above 200 mV for the same input variation. 

vcc 

TACH + 

FIGURE 2. MINIMUM-COMPONENT TACHOMETER 

EMITTER-FOLLOWER 
OUTPUT 

4-26 TEXAS ..., 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75266 



MC1445 
GATE-CONTROLLED 2-CHANNEL-INPUT VIDEO AMPLIFIER 

• Differential Inputs and Outputs 

• Channel Select Time ... 20 ns Typ 

• Bandwidth Typically 50 MHz 

• 16-dB Minimum Gain 

• Common-Mode Rejection Typically 85 dB 

• Broadband Noise Typically 25 p.V 

description 

The MC1445 is a general-purpose, gated, dual­
channel wideband amplifier designed for use in 
video-signal mixing and switching. Channel 
selection is accomplished by control of the 
voltage level at the gate. A high logic level 
selects channel A; a low logic level selects 
channel B. The unselected channel will have a 
gain of one or less. 

The MC 1445 is characterized for operation from 
ooC to 75°C. 

block diagram 

IN + B (31 

IN-B (4) 

IN+A (5) 

IN-A (6) 

GATE~12~) __________ ~ 

MUX 

02572, JANUARV 1980-REVISEO APRIL 1988 

J OR N OUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

OUT- NC 
GATE NC 

IN+ B NC 
IN- B NC 
IN+ A NC 
IN- A VCC+ 

OUT + VCC-

NC- No internal connection 

FUNCTION TABLE 

(7) NONINVERTING 
OUTPUT OUT+ 

11) INVERTING 
OUTPUT OUT-

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

Supply voltage, VCC + (see Note 1) ..... , .............. ,....................... 12 V 
Supply voltage, VCC _ (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -12 V 
Differential input voltage, VID (see Note 2) ...................................... ± 5 V 
Output current, 10 ............................... , ........ , .... , .... , ... ±25 rnA 
Continuous total dissipation. , ............... , . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature ..................... , ......... , .......... : O°C to 75°C 
Storage temperature range , ........ , ................ , ... ,.......... - 65°C to 150 °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: N package ..... , " .... 260°C 

NOTES: 1. Voltage values, except differential input voltage, are with respect to the midpoint of Vee + and Vee _. 
2. Differential input voltages are measured at a non inverting input terminal with respect to the appropriate inverting input terminal. 

Copyright @ 1983, Texas Instruments Incorporated 
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MC1445 
GATE·CONTROLLED 2·CHANNEL·INPUT VIDEO AMPLIFIER 

DISSIPATION RATING TABLE 

PACKAGE 
TA s 25°C DERAllNG DERATE 

POWER RATING FACTOR ABOVE TA 
J 626 mW 8.2 mW/DC 74DC 

N 625 mW N/A N/A 

recommended operating conditions 

Supply voltage, VCC + 

Supply voltage, VCC-

Operating free-air temperature range, T A 

electrical characteristics at V CC + 5 V. VCC- -5 V. TA 

PARAMETER TEST CONDITIONS 

AVS 
Large-signal single-ended 

1= 125kHz, Vi = 20 mV 
voltage amplification 

BW Bandwidth Vi = 20 mV 

VIO Input offset voltage 

110 Input offset current 

liB Input bias current 

VICR 
Common-mode 

voltage range 

Voa Quiescent output voltage 

<l.Voa 
Change in quiescent Gate input change 

output voltage Irom5VtoOV 

VOPP 
Maximum peak-ta-peak 

output voltage swing 
1= 125 kHz, RL = 1 kG 

zi Input impedance 1= 125 kHz 

Zo Output impedan~e 1= 50kHz 

CMRR 
Common-mode 

rejection ratio 
I = 50 kHz 

Vn 
Broadband equivalent BW - 5 Hz to 10 MHz, 

input noise voltage RS = 50 G 

VTH 
High-level gate 

AVS(AI ;,: 16 dB, AVS(BI s 0 dB' 
threshold voltage 

Vn 
Low-level gate 

AVS(B) ;,: 16 dB, AVS(A) sO dB 
threshold voltage 

IIH High-level gate current VI - 5 V 

IlL Low-level gate current VI = 0 

tpLH 
Propagation delay time, 

<l.VI = 20 mV, 50% to 50% 
low-to-high-Ievel output 

tpHL 
Propagation delay time, 

<l.VI = 20 mV, 50% to 50% 
high-to· low-level output 

tTLH 
Transition time, 

low-to-high·level output 
<l.VI = 20 mV, 10% to 90% 

tTHL 
Transition time, 

high-to-Iow-Ievel output 
<l.VI = 20 mV, 10% to 90% 

ICC+ Supply current Irom VCC + No load, No signal 

ICC- Supply current lrom VCC- No load, No signal 

Po Power dissipation No load, No signal 
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TA - 75°C 
POWER RATING 

615 mW 

625 mW 

MIN NOM MAX UNIT 

5 8 V 

-5 -8 V 

0 75 DC 

MIN TYP MAX UNIT 

16 19.5 23 dB 

50 MHz 

7.5 mV 

2 ~A 

15 30 ~A 

±2.5 V 

0.1 V 

±15 mV 

1.5 2.5 V 

3 10 kG 

25 G 

B5 dB 

25 ~V 

1.3 3 V 

0.2 0.4 V 

4 ~A 

4 mA 

6.5 ns 

6.3 ns 

6.5 ns 

7 ns 

7 15 mA 

-7 -15 mA 

70 150 mW 



• Combines All Read-Amplifier Active Circuitry 
into One Monolithic Circuit 

• Peak Shift ... 2% Max (MC3470A) 

• Designed to be Interchangeable with Motorola 
MC3470 

description 

The MC3470 and MC3470A are monolithic 
read-amplifier systems each containing all the 
active circuitry necessary for obtaining digital 
information from floppy disk storage. They are 
designed to accept the ac differential signal from 
the magnetic head and produce a digital output 
pulse corresponding to each peak of the input 
signal. The gain stage amplifies the input 
waveform and applies it to an external filter 
network, enabling the active differentiator and 
time domain filter to produce the desired output. 

The MC3470 and MC3470A are characterized 
for operation from OOC to 70°C. 

functional block diagram 

r-"GAlN- -
I AMPLIFIER 

AMPLIfiER I {
11l1 

INPUTS -,1",21,-;-1 __ -/ 

-, 
I 

MC3470, MC3470A 
FLOPPY DISK READ·AMPLIFIER SYSTEMS 

D2759. NOVEMBER 1983-REVISED FEBRUARY 1988 

N DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

AMPLIFIER { 
INPUTS 

OFFSET { 
DECOUPLING 

GND 
CX1 

CX/RX1 
CX2 

CX/RX2 

VCC2 

} AMPLIFIER 

OUTPUTS 

} DIFFERENTIATOR 
INPUTS 

} 
DIFFERENTIATOR 
COMPONENTS 

VCC1 
DATA OUTPUT 

!!161} I AMPLIFIER 
I (17) OUTPUTS 

I 
I OFFSET I {

Ill! 

DECOUPLING :::1 ~ _______ J 
r----------------------1 
I 
) 

I 

DIGITAL 

CX/RX2_1~9~1 __________ ~ 

DATA 
OUTPUT 

Copyright © 1983, Texas Instruments Incorporated 
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MC3470, MC3470A 
FLOPPY DISK READ·AMPLIFIER SYSTEMS 

absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply voltage, Vee1 (see Note 1) .............................................. 7 V 
Supply voltage, Vee2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 V 
Input voltage range (amplifier inputs) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.2 V to 7 V 
Output voltage, Vo (data output) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.2 V to 7 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 

NOTE 1: All voltage values are with respect to network ground terminal. 

recommended operating conditions 

Supply voltage VCCl 

Supply voltage V CC2 
Timing capacitor CXl (see Note 2) 

Timing capacitor CX2 

Timing resistors RX 1 and RX2 

Timing of digital section 
I Monostable no. 1 

I Monostable no. 2 

Operating free-air temperature, T A 

NOTE 2: To minimize current transients. eX1 should be kept as small as convenient . 
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MIN 
4.75 

10 

160 

100 

1.5 

500 

150 

0 

NOM MAX UNIT 

5 . 5.25 V 

12 14 V 

680 pF 

800 pF 

10 kll 

4000 
1000 

ns 

70 DC 



MC3470, MC3470A 
FLOPPY DISK READ-AMPLIFIER SYSTEMS 

electrical characteristics over recommended ranges of supply voltages and operating free-air temperature 
(unless otherwise noted) 

gain amplifier section 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Differential voltage I MC3470 80 100 120 
AVO I MC3470A 

Vid = 5 mV rms, I = 200 kHz V/V 
amplification 100 110 130 

liB Input bias current -10 -25 ~A 

-0.1 

VICR 
Common~mode input 

THD:5 5% to V 
voltage range 

1.5 

VIDR 
Differential input 

voltage range 
THO :5 5% ±25 mV 

VOPP 
Peak-to-peak differential 

output voltage 
3 4 V 

VOC 
Common~mode 

output voltage 
VI = 0, VID = 0 3 V 

VOD 
Differential output VI = 0, 

offset voltage TA = 25°C 

VID = 0, 
004 V 

Short-circuit output current Output shorted to ground -8 
lOS rnA 

(each amplilier output) Output shorted to VCCl 2.8 4 

r; Small-signal input resistance TA = 25°C 100 250 kll 

Small-signal output resistance VCCl = 5 V, VCC2 = 12 V, 
15 Il ro 

(single-ended) TA = 25°C 

BW Bandwidth 13 dB) 
Vid = 2 mV rms, VCCl = 5 V, 

5 MHz 
VCC2 = 12 V, TA = 25°C 

Common-mode 
VCCl = 5 V, VIPP = 200 mV, 

CMRR AVO = 40 dB, I = 100 kHz, 50 dB 
rejection ratio 

TA = 25°C 

VCCl = 5 ± 0.25 V, 
50 

kSVR 
Supply voltage AVO = 40 dB, VCC2 = 12 V 

dB 
rejection ratio TA = 25°C VCCl = 5 V, 

60 
VCC2 = 12 ±2 V 

Vn 
Equivalent input BW = 10 Hz to 1 MHz, 

15 ~V 
noise voltage TA = 25°C 

tAli typical values are at VCCl = 5 V, VCC2 = 12 V, TA = 25°C. 
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MC3470. MC3470A 
FLOPPY DISK READ·AMPLIFIER SYSTEMS 

active·differentiator section 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

Isink Sink current at pins 12 and 13 VOD = VCC1 1 1.4 mA 

I MC3470 VCC1 = 5 V, VCC2 = 12 V, 5% 
Peak shift VIDPP = 1 V, f = 250 kHz, I MC3470A Icao = 500 pA, See Figure 1 2% 

rid Differential input resistance 30 kO 

rod Differential output resistance 40 0 

digital section 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH 
High-level output VCC1 = 4.75 V, 
voltage (pin 10) IOH = -0.4 mA 

VCC2 = 12 V, 
2.7 V 

VOL 
Low-level output VCC1 = 4.75 V, 
voltage (pin 10) IOL=8mA 

VCC2 = 12 V, 
0.5 V 

ICC1 Supply current from VCC1 VCC1 = 5.25 V 35 50 mA 

ICC2 Supply current from VCC2 VCC2 = 14 V 4.5 10 mA 

timing characteristics over recommended ranges of supply voltages and operating free·air temperature 
(unless otherwise noted) (see Figure 2) 

PARAMETER TEST CONDITIONS 

tr Rise time (pin 10) 

tf Fall time (pin 10) 

Timing accuracy of 
RX1 = 1.5 kO to 10 kO, 

monostable no. 1 compared 

to 0.625 RX1 • CX1 + 200 ns 
CX1 = 150 pF to 680 pF 

III 
Timing accuracy of 

RX2 = 1.5 kOto 10 kO, 
monostable no. 2 compared 

CX2 = 100 pF to 800 pF 
to 0.625 RX2 • CX2 

U) tAli typical values are at VCC1 = 5 V, VCC2 = 12 V, T A = 25 cC. 
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MIN TYpt MAX UNIT 

20 ns 

25 ns 

85% 115% 

85% 115% 



MC3470, MC3470A 
FLOPPY DISK READ·AMPLIFIER SYSTEMS 

PARAMETER MEASUREMENT INFORMATION 

5V----------------------.---------------__ --~~_, 

12V----------------, 

f = 250 kHz 
VI=1 V 

1.5V 

1.5kO 
(181 (111 

6.4kO 
VCC2 VCC1 

1 kO (121 DIFFERENTIATOR 
COMPONENT MONO #2 { (91 

(81 
200pF 

(14) 

} 
DIFFERENTIATOR 

(151 INPUT 
MONO#1{ (71 

(51 

(11 

} 
AMPLIFIER 

(2) INPUTS 
...... --1 

GND 

(51 

TEST CIRCUIT 

1t1 -t21 
Peak shift = --- 100% 

2 (t1 + t21 

VOLTAGE WAVEFORMS 

FIGURE 1. PEAK SHIFT 
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MC3470. MC3470A 
FLOPPY DISK READ·AMPLIFIER SYSTEMS 

4-34 

INPUT 
(PIN 12) 

PARAMETER MEASUREMENT INFORMATION 

5V-----------4---------e-~~......, 

12V -------......, 

(18) (11) 

VCC2 VCCl 

t;Jt.n.. 0.1t-,,_F ___ \111\,.....;.(1_2 .... ) ~~~:;:::~ATOR 
10kfl 

51 fI 

"::" ":" 
(14) 

} 
DIFFERENTIATOR 

(15) INPUT 

(1) 

} 
AMPLIFIER 

(2) INPUTS ...... --; 

GND 

(5) 

TEST CIRCUIT 

0.4 V 

( (~-------'-I ( -

'3+-+1 ~'3 

1.6kfl 

MONO#2{ (9) 

(8) 

MONO #1 { 
(6) 

(7) 

6.4kfl 

200 
pF 

200pF 

TEST POINT 

DATA (10) 
OUTPUT ~-'-<II~~-MI-"" 

rOo' 

2.4kfl 

OUTPUT ____ 1._5_VJ{\ .. ___ Jh 
(PIN 10) "'----

OUTPUT 
(PIN 10) 

'3 
Timing Accuracy (Mono 1) = -- X 100% 

1000 ns 

VOLTAGE WAVEFORMS 

'4 
Timing Accuracy (Mono 2) = -- X 100 ns 

200 ns 

FIGURE 2. TIMING ACCURACY 
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MC3470, MC3470A 
FLOPPY DISK READ·AMPLIFIER SYSTEMS 

TYPICAL CHARACTERISTICS 

(..) 1.05 

°lll 1.04 
II 

~ 1.03 

1ii 
., 1.02 ", 
:;: 1.01 
g 
.~ 1.00 

"ii 0.99 
II: 

~ 0.98 
t: 

c3 0.97 
~ 
8: 0.96 

" I/) 0.95 

NORMALIZED POWER SUPPLY CURRENT 
vs 

FREE·AIR TEMPERATURE 

1 J 
VCC1 =5 V 
VCC2= 12V 

-I--
""""""-t--... 

"" ~ 

o 10 20 30 40 50 60 70 80 

T A = Free·Air Temperature-°c 

FIGURE 3 

NORMALIZED TIME DELAY (PIN 12 TO PIN 10) 
vs 

1.05 

(..) 1.04 
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NORMALIZED VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 

R is between pins 3 and 4 
f= 200 kHz 
VCC1 =5 V 
VCC2= 12V 

*0 V 
X 

~ H-;Socro 
I--~ 17" 

V 
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TA-Free-Air Temperature-oC 

FIGURE 4 

VOLTAGE AMPLIFICATION (NORMALIZED) 
and PHASE SHIFT 

vs 
FREQUENCY 

vUJJ ~]PlifiLL 
i'-- t-- (Left Scale) -

l' 
r-... 

Phase Shift I' 
(Right Scale) 1\ 
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.c 
Do 
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FIGURE 5 

f-Frequency-MHz 

FIGURE 6 
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II 

MC3410. MC3470A 
FLOPPY DISK READ·AMPLIFIER SYSTEMS 

TYPICAL APPLICATION INFORMATION 

5 V - ..... ---------. 

RX2 

12 V ---...,---, 

11) 

12) 

RXl 
16) 

CXl I7J 

18) 

CX2 19) 

118) 111) 

VCC2 VCCl 

INl OUTPUT 1 

IN2 OUTPUT 2 

GAIN 

ADJUST 

DIFFERENTIATOR { 
COMPONENTS 

GND 

15) 

r-----------------, 
I FILTER NETWORK I 

11711 1 

I 1 
116) I 1 

I I 
115) I I 

I I 
(14) I I L _________________ J 

(13) 

LI:....12_)_...r<TT~_ ..... 

1-1:.,:.10;:,:) ______ DATA OUTPUT 

FIGURE 7 
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• 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 SE555, SE555C, SA555. NE555; 
Have Same Pinout 

SE555C FROM TI IS NOT RECOMMENDED 
FOR NEW DESIGNS 

description 

These devices are 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. 

The threshold and trigger levels are normally 
two-thirds and one-third, respectively, of Vee. 
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. 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. 

The output circuit is capable of sinking or 
sourcing current up to 200 mAo Operation is 
specified for supplies of 5 to 15 V. With a 5-V 
supply, output levels are compatible with TTL 
inputs. 

The SE555 and SE555e are characterized for 
operation over the full military range of - 55 °e 
to 125°e. The SA555 is characterized for 
operation from - 40°C to 85 °C, and the NE555 
is characterized for operation from ooe to 70oe. 

SE555, SE555~ SA55i NE555 
PRECISION TIMERS 

D1669. SEPTEMBER 1973-REVISED OCTOBER 1988 

SE555, SE555C ... JG PACKAGE 
SA555, NE555 ... D, JG, OR P PACKAGE 

ITOP VIEW) 

GNDD8 VCC 
TRIG 2 7 DISCH 
OUT 3 6 THRES. 

RESET 4 5 CaNT 

SE555. SE555C ... FK PACKAGE 

ITOP VIEW) 

4 

5 

6 

7 

8 

o U 
U Z U UU 
ZC!lZ>Z 

3 2 1 2019 

9 1011 12 13 

Uf-Uf-U 
Zl:JjZZZ 

w 0 
a: U 

18 

17 

16 

15 

14 

NC - No internal connection 

functional block diagram 

Vcc RESET 

TRIGGER 
R 

GND 
DISCHARGE 

Reset can override Trigger, which can override Threshold. 

Copyright @ 1983, Texas Instruments Incorporated 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

AVAILABLE OPTIONS FUNCTION TABLE 

PACKAGE 

TA Vthres MAX SMALL CHIP CERAMIC PLASTIC 

RANGE VCC-1SV OUTLINE CARRIER DIP DIP 
(DI (FKI (JGI (PI 

ooe 

to 11.2 V NE655D NE565JG NE555P 

70°C 

-40°C 

to 11.2 V SA565D SA555JG SA555P 

85°C 

-55°C 
10.6V SE555FK SE555JG 

to 
11.2 V 

125°C 
SE555eFK SE555eJG 

The D package is available taped and reeled. Add the suffix R to the device 
type (e.g., NE555DRI. 

RESET 
TRIGGER THRESHOLD 

OUTPUT 
DISCHARGE 

VOLTAGEt VOLTAGEt SWITCH 

Low Irrelevant Irrelevant Low On 

High < 1/3 VDD Irrelevant High Off 

High > 1/3 VDD > 2/3 VDD Low On 

As previously 
High > 1/3 VDD < 2/3 VDD 

established 

tVoltage levels shown are nominal. 

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

Supply voltage, VCC (See Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 18 V 
Input voltage (control, reset, threshold, and trigger) ................................. VCC 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 225 mA 
Continuous total dissipation .... '. . . . . . . . . . . . . . . . . . . . . . . . . . . .. see Dissipation Rating Table 
Operating free-air temperature range: SE555, SE555C . . . . . . . . . . . . . . . . . . . .. - 55 DC to 125 DC 

SA555 ............................ , - 40 DC to 85 DC 
NE555 ............................... ODC to 70 DC 

Storage temperature range ......................................... - 65 DC to 150 DC 
Case temperature for 60 seconds: FK package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 260 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ............ 300 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ........ 260 DC 

NOTE 1: All voltage values are with respect to network ground terminal. 

DISSIPATION RATING TABLE 

TA:S 2SoC 
DERATING 

TA - 70°C 
PACKAGE FACTOR 

POWER RATING 
ABOVE TA - 2SoC 

POWER RATING 

D 725mW 5.8 mW/oe 464mW 

FK 1376 mW 11.0 mW/oe 880mW 

JG (SE555, SE555e) 1050mW 8.4 mW/oe 672 mW 
JG (SA555, NE5551 825mW 6.6 mW/oe 628 mW 

P 1000 mW 8.0 mW/oe 640mW 

recommended operating conditions 

SE555 SE555C 

MIN MAX MIN MAX 

Supply voltage, Vee 4.5 18 4.5 16 

Input voltage (control, reset, threshold, and trigger) Vee Vee 
Output current ±200 ±200 

Operating free-air temperature, T A -55 125 -65 125 

TA - 8SoC 
POWER RATING 

377 mW 
715 mW 

546mW 

429 mW 

520 mW 

SA555 

MIN MAX 

4.6 16 

Vee 
±200 

-40 85 

TA - 125°C 
POWER RATING 

N/A 
275 mW 

210mW 

N/A 

N/A 

NE5SS 

MIN MAX 

4.6 16 

Vee 
±200 

0 70 

UNIT 

V 

V 

mA 

°e 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

electrical characteristics at 25°e free-air temperature, Vee" 5 V to 15 V (unless otherwise noted) 

SE555 
SE555C. SA555. 

PARAMETER TEST CONDITIONS NE555 UNIT 

MIN TYP MAX MIN TYP MAX 

Vee = 15V 9.4 10 10.6 B.B 10 11.2 
Threshold voltage level V 

Vee = 5 V 2.7 3.3 4 2.4 3.3 4.2 

Threshold current 

(see Note 21 
30 250 30 250 nA 

Vee = 15V 4.B 5 5.2 4.5 5 5.6 
Trigger voltage level V 

Vee = 5 V 1.45 1.67 1.9 1.1 1.67 2.2 

Trigger curr~nt Trigger at 0 V 0.5 0.9 0.5 2 ".A 
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 mA 

Reset at 0 V -0.4 -1 -0.4 -1.6 

Oischarge switch 

off-state current 
20 100 20 100 nA 

Control voltage Vee = 15V 9.6 10 10.4 9 10 11 
V 

(open circuitl Vee = 5 V 2.9 3.3 3.B 2.6 3.3 4 

IOL = 10 mA 0.1 0.15 0.1 0.25 

IOL = 50 mA 0.4 0.5 0.4 0.75 
Vee = 15V 

IOL = 100 mA 2 2.2 2 2.5 
Low-level output voltage V 

IOL - 200 mA 2.5 2.5 

Vee = 5 V 
IOL = 5 mA 0.1 0.2 0.1 0.35 

IOL = B mA 0.15 0.25 0.15 0.4 

IOH = -100 mA 13 13.3 12.75 13.3 

High-level output voltage 
Vee = 15V 

IOH = -200 mA 12.5 12.5 V 

Vee = 5 V IOH = -100 mA 3 3.3 2.75 3.3 

Output low. Vee = 15V 10 12 10 15 .' 

No load Vee = 5 V 3 5 3 6 
Supply current mA 

Output high. Vee=15V 9 10 9 13 

No load Vee = 5 V 2 4 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 Mil, and for Vee = 15 V, the maximum value is 10 Mil. 

operating characteristics, Vee .. 5 V and 15 V 

TEST 
SE555C. SA555. 

PARAMETER 
CONDITIONSt 

SE555 NE555 UNIT 

MIN TYP MAX MIN TYP MAX 

Initial error of Each timer, monostable § 0.5 1.5 1 3 

Each timer, astable' 
TA = 25°C % 

timing interval:l: 1.5 2.25 

Temperature coefficient Each timer, monostable§ TA = MIN 30 100 50 
ppm/oe 

of timing interval Each timer. astable' to MAX 90 150 

Supply voltage sensitivity Each timer, monostable § 0.05 0.2 0.1 0.5 

Each timer. astable' 
TA = 25°C %IV 

of timing interval 0.15 0.3 

Output pulse rise time eL=15pF, 100 200 100 300 

TA = 25°C 200 100 
~8 

Output pulse fall time 100 300 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
tTiming 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 ~F. 

'Values specified arefora device in an astable circuit similar to Figure 12. with component values as follow: RA = 1 kllto 100 kll. e = O.lI'F. 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

TYPICAL CHARACTERISTICSt 

> 
I 

I 
10 

7 

4 

2 

1 

O~ 0.7 
0.4 

] 0.2 

~ 0.1 
.3 0.07 
I 50.04 

> 0.02 

0.01 

10 
7 

> 4 
I .. 
'" 2 ! 
0 

1 > .. 0.7 " ~ 0.4 
0 
"i 0.2 > .. .... 
~ 0.1 
.3 0.07 

!..o.o4 
0 
> 0.02 

0.01 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

VCC - 5 V 

I 1 
TA - -55°C ... I'. -

r==TA - 25°C 

1 

~TA - 125°C 

It 

2 4 7 10 20 40 70100 
IOL -Low-Level Output Current-mA 

FIGURE 1 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

VCC - 15V 

TA - -55°~, 

If 

TA - 25°C" 
./. 

.....:::;; ? 
TA - 125°C -?~ 

...... ~ 
P" 

1 2 4 7 10 20 40 70100 

IOL -Low-Level Output Current-mA 

FIGURE 3 
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7 

> 
I 4 

I 2 

~ 0.7 
o 0.4 

] 0.2 

~ O~~ 
I 
5 0.04 
> 

0.02 

0.01 

I 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

VCC - 10 V 

TA - 25°C I ~ 

=TA - 55°C 

TA - 125°C, 

~ -'7 

~ 

~ 

-

1 2 4 7 10 20 40 70100 
IOL -Low-Level Output Current-mA 

FIGURE 2 

DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT 
vs 

2.0 

1.8 

~ 1.6 
CI. e 1.4 c J 1.2 

~ 1.0 
I 
~0.8 

I 0.6 
(,) 

~0.4 

0.2 

o 
1 

HIGH-LEVEL OUTPUT CURRENT 

TA - - 55°C ---
II 

TA - 25°C f----
II 

TA _125°C ~ 
-,-

VCC - 5Vto15 V 

2 4 7 10 20 40 70100 
IOH-High-Level Output Current-mA 

FIGURE 4 

toata for temperatures below O·C and above 70·C ere applicable for SE555 circuits only. 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

TYPICAL CHARACTERISTICS t 

10 

1 
8 

I 
C 

i 6 
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-t 
Q, 4 :s 
III 
I 
u 
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~ 1.015 

~ 
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C 1.010 
~ 

; 
! 1.005 

~ 
S 1.000 

~ 
& 0.995 

i 0.990 

~ 0.985 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I I I ~ I-Output low. 

N~ 10a~ I A ~ 
~ ~ 

TA - 25°C, A ~ 
kZ ~ 

/l ~ ~ ~TA- -55°e 

l.-a ~ '.: -TA - 125°e 
!? 

5 6 7 8 9 10 11 12 13 14 15 

Vec-Supply Voltage-V 

FIGURE 5 

NORMALIZED OUTPUT PULSE DURATION 
(MONOSTABLE OPERATION) 

vs 
FREE-AIR TEMPERATURE 

Vee - 10 V 

r-t--+--
-..;...; r-t-- r--

-75 -50 -25 0 25 50 75 100 125 
TA-Frea-Air Temperatura- °e 

FIGURE 7 
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NORMALIZED OUTPUT PULSE DURATION 
(MONOSTABLE OPERATION) 

o 

vs 
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FIGURE 6 

PROPAGATION DELAY TIME 
vs 

LOWEST VOLTAGE LEVEL 
OF TRIGGER PULSE 

20 

o ~~_~ __ ~ __ L-~ __ -L __ ~~ 

o 0.1 )( Vee 0.2)( Vee 0.3)( Vee 0.4)( Vee 
Lowast Voltage Level of Trigger Pulse 

FIGURE 8 

tOata for temperatures below oDe and above 70·C are applicable for SE565 circuits only. 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

monostable operation 

RA - 9.1 kll 
CL - 0.01 /LF 
RL - 1 kll 
See Figure 9 

VCC 
(5 V to 15 VI II II 

:U u U 
INPUT VOLTAGE 

, 
I- - -

RA 
VCC 

RESET RL 

DISCH OUTPUT VOLTAGE 

11 / A1 
OUT OUTPUT 

THRES 
/ II 11 / 

CAPACITOR VOLTAGE 
INPUT TRIG 

GND 

':f '=" Tlme-O.1 ms/div 

FIGURE 9. CIRCUIT FOR MONOSTABLE OPERATION FIGURE 10. TYPICAL MONOSTABLE WAVEFORMS 

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 the trigger input sets the flip-flop fa goes low), drives the 
output high, and turns off Q 1. Capacitor e is then charged through RA until the voltage across the capacitor 
reaches the threshold voltage of the threshold input. If the trigger input has returned to a high level, the 
output of the threshold comparator will reset the flip-flop fa goes high), drive the output low, and discharge 
e through Q 1 . 

Monostable operation is initiated when the 
trigger input voltage falls below the trigger 
threshold. Once initiated, the sequence ends 
only if the trigger input is high at the end of the 
timing interval. Because of the threshold level 
and saturation voltage of Q 1, the output pulse 
duration is approximately tw = 1.1 RAe. 
Figure 11 is a plot of the time constant for 
various values of RA and e. The threshold levels 
and charge rates are both directly proportional 
to the supply voltage, Vee. The timing interval 
is therefore independent of the supply voltage, 
so long as the supply voltage is constant during 
the time interval. 

Applying a negative-going trigger pulse 
simultaneously to the reset and trigger terminals 
during the timing interval discharges e 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 the reset input is not used, it 
should be connected to Vee. 

10r-----.-----.---~r_--~r_--~ 

10-5L-----L-----~----~----~-----" 

0.001 0.01 0.1 

C-Capacitanca-~F 

10 

FIGURE 11. OUTPUT PULSE 
DURATION vs CAPACITANCE 

100 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

astable operation 
Vee 

(5 V to 15 VI 

RA 

VCC 

RESET RL 

DISCH 

OUT OUTPUT 
Ra THRES 

TRIG 
GND 

C,* .,.. 
NOTE A: Decoupling the control voltage input to ground with a 

capacitor may improve operation. This should be 
evaluated for individual applications. 

FIGURE 12. CIRCUIT FOR ASTABLE OPERATION 

RA - 5kll 
Ra - 3 kll 
C-0.1S,.F 
RL - 1 kll 
Sea Figure 12 

I-tH 

tL- OUTPUT VOLTAGE 

/ '\ / '\ A\ A\ 
If CAPA~O~ V~T1GE r-~ r--

I I I J J 
Time-O.5 ms/di. 

FIGURE 13. TYPICAL ASTABLE WAVEFORMS 

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 e 
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 e charging and discharging between the threshold-voltage 
level ('" 0.67 0 Vee) and the trigger-voltage level ('" 0.330 Vee). As in the monostable circuit. charge and 
discharge times (and therefore the frequency and duty cycle) are independent of the supply voltage. 

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 IRA + RB) C 

tL = 0.693 IRB) C 

Other useful relationships are shown below. 

period = tH + tL = 0.693 IRA + 2RB) C 

f 1.44 
requency ~ IRA + 2RB) C 

tL Ra 
Output driver duty cycle = tH + tL = RA + 2RB 

tH Ra 
Output waveform duty cycle = tH + tL = 1 - RA + 2Ra 

tL 
Low-to-high ratio = iH 

'100 k ...-.:--,......;:----,---,-------,---, 

10k~----~---~----r---~r---~ 

:!! t lk~----~----~~ 
r 
... 100 "",,--.p..~ 
.f 1 10 f----.p... 

! 

0.01 0.1 

C-Capaoitlnce-IIF 

10 

FIGURE 14. FREE·RUNNING FREQUENCY 
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SE555, SE555C, SA555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

missing-pulse detector 

Vee 15 V to 15 VI 

INPUT RESET VCC 

OUTPUT 1--+ OUTPUT 
+-----ITRIGGER 

CONTROL 

O.OI1'FI 

DISCHARGE 

THRES­
HOLD 

FIGURE 15. CIRCUIT FOR 
MISSING-PULSE DETECTOR 

A5T3644 

Vcc - 5 V 
RA - 1 kO 
C = 0.1 I'F 
See Figure 15 

r 1 II I 
~ I ~NPUT VOLTAGE 

I 

OUTPUT VOLTAGE 

Ll III L11111/ VII/I 1/1 
If If III If 

CAPACITOR VOLTAGE 

Time-O.l msidiv 

FIGURE 16. MISSING-PULSE 
DETECTOR WAVEFORMS 

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 . 

.. frequency divider 

~ By adjusting the length of the timing cycle, the basic circuit of Figure 9 can be made to operate as a frequency 
en divider. Figure 17 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur 

"C during the timing cycle. 
CD n 
!: 
." 
C 

5 
r+ o· 
:::J 
en 

Vee - 5 V 
RA - 12500 
C = 0.021'F 
RL - 1 kO 
See Figure 9 

I I 1 
L l l 

INPUT VOLTAGE 
t--

OUTPUT VOLTAGE 

./ h .A1 ..-11 
/ 1/1 IJ/T 1/ 

CAPACITOR VOLTAGE 

Time-O.1 ms/div 

FIGURE 17. DIVIDE-8Y-THREE CIRCUIT WAVEFORMS 
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SE555. SE555C. SA555. NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

pulse-width modulation 

Vee (5 V to 15 VI 

RL RA 

CLOCK OUTPUT OUTPUT 

INPUT 
TRIGGER 

OISCHARGE 

MODULATION 
INPUT CONTROL THRES· 

(See Note BI H.OLD 
GND 

JC 

NOTE B: The modulating signal may be direct or capacitively 
coupled to the control terminal. For direct coupling, the 
effects of modulation source voltage and impedance on 
the bias of the timer should be considered. 

FIGURE 18. CIRCUIT FOR PULSE-WIDTH 
MODULATION 

.:: 
:!:! 
> 
N 

! ... 
~ 
0 
> 

Time-O.5 ms/div 

FIGURE 19. PULSE-WIDTH MODULATION 
WAVEFORMS 

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 the control pin. 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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SE666, SE666C, SA666, NE655 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

pulse-position modulation 

'---

'-
MODULATION 

INPUT 
(See Note B I 

Vee (5 V to 15 VI 

1 
I 

I 1 
RESET VCC 

OUTPUT 
TRIGGER 

DISCHARGE 

CONTROL THRE8-
HOLD 

GND 

l 

RL RA 

OUTPUT 

-
RB 

I C 

NOTE B: The modulating signal may be direct or capacitively 
coupled to the control terminal. For direct coupling. the 
effects of modulation source voltage and impedance on 
the bias of the timer should be considered. 

FIGURE 20. CIRCUIT FOR PULSE-POSITION 
MODULATION 

Time-D.1 moJdiv 

FIGURE 21. PULSE POSITION-MODULATION 
WAVEFORMS 

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 tima delay, of a free-running oscillator. Figura 21 illustrates 
a triangular-wave modulation signal for such a circuit; however, any wave shape could be used. 
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sequential timer 

S closes momentarily at t = O. 

TYPICAL APPLICATION DATA 

141 

VCC 

OUTPUT 

CB·4.7"F 
RS· 100 kll 

AB 

131 

SE555. SE555C. SA555. NE555 
PRECISION TIMERS 

33 kn 
141 181 RC 

121 
TRIGGER 

0.001 171 
"F DISCHARGE 

Cc 

FIGURE 22. SEQUENTIAL TIMER CIRCUIT 

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. 

See Figure 22 

OUTPUT A .. twA ~ twA=I.IRACA 

- i twB 
I 

OUTPUTB I 1 twB = 1.1 RBCB 

OUTPUTC r- twC- ~ twC = 1.1 RCCc 

~t=O 

I 
t-Time-l sldi. 

FIGURE 23. SEQUENTIAL TIMER WAVEFORMS 
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• Two Precision Timing Circuits per Peckage 

• Astable or Monstable Operation 

• TTL-Competlble Output Can Sink or Source Up 
to 150 mA 

• Active Pull-Up or Pull-Down 

• Designed to be Interchangeeble with Signetlcs 
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 
Time-Delay Circuit 
Frequency Divider 
Appliance Timer 
Industrial Controls 
Touch-Tone Encoder 

SE556C FROM TI IS NOT 
RECOMMENDED FOR NEW DESIGNS 

description 

These devices provide two monolithic, 
independent timing circuits of the SE555, 
SE555C, SA555, or NE555 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, 

SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 

02440, APRIL 1978-REVISEO OCTOBER 19B8 

SE556, SE556C , , , J PACKAGE 
SA556, NE556 , , , D, J, OR N PACKAGE 

(TOP VIEWI 

TIMER{~~~~~ 
# 1 RESET 

OUT 

TRIG 

GND'-1.,;._......;;.J1"'" 

SE556, SE556C , , , FK PACKAGE 

(TOP VIEWI 

3 2 1 20 19 

#1 CO NT 4 18 #2 THRES 
NC NC 5 17 

#1 RESET 6 
NC 7 

#1 OUT 8 

9 1011 12 13 

(!l C U (!)t-

~t5Z~5 
NN .. .. .. 

NC-No internal correction 

16 #2CONT 
15 NC 
14 # 2 RESET 

functional block diagram leach timer) 

vcc RESET 

R 

DISCHARGE 

GND 

Reset can override Trigger, which can override Threshold, 

Copyright @ 1983. Texas Instruments Incorporated 
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SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 

The SE556 and SE556C are characterized for operation over the full military range of - 55°C to 125°C. 
The SA556 is characterized for operation from -40°C to 85°C, and the NE556 is characterized for 
operation from ooC to 70°C. 

AVAILABLE OPTIONS 

PACKAGE 

TA Vthres MAX SMALL CHIP CERAMIC PLASTIC 

RANGE VCC - ,5V OUTLINE CARRIER DIP DIP 

(D) (FK) (J) (N) 

OOC 

to 11.2 V NE556D NE556J NE556N 

70°C 

-40°C 

to 11.2 V SA556D SA556J SA556N 

85°C 

-55°C 
10.6 V SE556FK SE556J 

to 

125°C 
11.2 V SE556CFK SE556CJ 

The 0 package is available taped and reeled. Add the suffix R to the device 
type le.g., NE556DR). 

FUNCTION TABLE 

RESET 
TRIGGER THRESHOLD 

OUTPUT 
DISCHARGE 

VOLTAGEt VOLTAGEt SWITCH 

Low Irrelevant Irrelevant Low On 

High < 1/3 VDD Irrelevant High Off 

High > 1/3 VDD > 2/3 VDD Low On 

As previously 
High > 1/3 VDD < 2/3 VDD 

established 

tVoltage levels shown are nominal. 

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

Supply voltage, VCC (See Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Input voltage (control, reset, threshold, and trigger) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VCC 
Output current " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 225 mA 
Continuous total dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. see Dissipation Rating Table 
Operating free-air temperature range: SE556, SE556C . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SA556. . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40°C to 85°C 
NE556 ............................... ooC 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 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 

NOTE 1: All voltage values are with respect to network ground terminal. 

DISSIPATION RATING TABLE 

DERATING 
TA - 70°C 

PACKAGE 
TA s 25°C 

FACTOR 
POWER RATING POWER RATING 

ABOVE TA - 25 0 C 

D 950 mW 7.6 mW/oC 608 mW 

FK 1375 mW 11.0 mW/oC 880 mW 

J ISE556, SE556C) 1375 mW 11.0 mW/oC 880 mW 

J (SA556, NE556) 1025 mW 8,2 mW/oC 656 mW 

N 1575 mW 12,6 mW/oC 1008 mW 

TA - 85°C 
POWER RATING 

494 mW 

715 mW 

715 mW 

533 mW 

819mW 

TA - 125°C 
POWER RATING 

N/A 

275 mW 

275 mW 

N/A 

N/A 
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recommended operating conditions 

SE666 

MIN MAX 

Supply voltage. Vee 4.5 1B 

Input voltage (control. reset. threshold. and trigger) Vee 
Output current ±200 
Operating free-air temperature. T A -55 125 

SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 

SE666C SA6S6 NES66 
UNIT 

MIN MAX MIN MAX MIN MAX 
4.5 16 4.5 16 4.5 16 V 

Vee Vee Vee V 

±200 ±2oo ±200 mA 
-55 125 -40 B5 0 70 ·e 

alectrical characteristics at 25 °e free-air temperature, Vee - 5 V to 15 V (unless otherwise noted) 

SES66 
SE656C. SA666. 

PARAMETER TEST CONDITIONS NE656 UNIT 

MIN TYP MAX MIN TYP MAX 

Vee = 16 V 9.4 10 10.6 B.B 10 11.2 
V Threshold voltage level 

Vee = 5 V 2.7 3.3 4 2.4 3.3 4.2 

Threshold current 
30 250 

(see Note 2) 
30 250 nA 

Vee=15V 4.B 5 5.2 4.5 5 5.6 
V Trigger voltage level 

Vee - 5 V 1.46 1.67 1.9 1.1 1.67 2.2 
Trigger current Trigger at 0 V 0.5 0.9 0.5 2 t-<A 
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 
mA Reset current 

Reset at 0 V -0.4 -1 -0.4 -1.5 

Discharge switch 
20 100 

off~state current 
20 100 nA 

Control voltage Vee=15V 9.6 10 10.4 9 10 11 
V 

(open circuit) Vee = 5 V 2.9 3.3 3.B 2.6 3.3 4 

IOL = 10mA 0.1 0.15 0.1 0.25 

IOL = 50 rnA 0.4 0.5 0.4 0.75 
Vee = 15 V 

IOL - 100 mA 2 2.2 2 2.5 
Low-level output voltage V 

IOL = 200 mA 2.5 2.5 

IOL = 5 mA 0.1 0.15 0.1 0.25 
Vee = 5 V 

IOL=8mA 0.15 0.25 0.15 0.3 

IOH = -100 mA 13 13.3 12.75 13.3 
High-level output voltage 

Vee=15V 
IOH = -200 mA 12.5 12.5 V 

Vee - 5 V IOH - -100 mA 3 3.3 2.75 3.3 

Output low. Vee = 15V 20 24 20 30 
No load Vee = 5 V 6 10 6 12 

Supply current rnA 
Output high. Vee -15V 18 20 1B 26 

No load Vee = 5 V 4 8 4 10 

NOTE 2: This parameter influences the maximum value of the timing resistors RA and RB in the circuit of Figure 1. For example. when 
Vee = 5 V. the maximum value is R = RA + RB = 3.4 Mil. and for Vee = 15 V. the maximum value is = 10 Mil. 
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SE556, SE556C, SA556, NE556 
DUAL PRECISION TIMERS 

operating characteristics. VCC 5Vand15V 

TEST 
PARAMETER 

CONDITIONSt 

Each timer, monostable § 
Initial error of 

Each timer, astable 1 
timing interval * TA = 25°C 

Timer 1 - Timer 2 

Each time.r, monostable § 
Temperature coefficient of 

Each timer, astable' 
TA = MIN 

timing interval to MAX 
Timer 1 - Timer 2 

Each timer, monostable§ 
Supply voltage sensitivity 

Each ~imer, astable' TA = 25°C 
of timing interval 

Timer 1 - Timer 2 

Output pulse rise time CL = 15 pF, 

Output pulse fall time TA = 25°C 

SE556 

MIN TYP 

0.5 

1.5 

±0.5 

30 

90 

±10 

0.05 

0.15 

±0.1 

100 

100 

SE556C. SA556, 

NE556 UNIT 

MAX MIN TYP MAX 

1.5 1 3 

2.25 % 
±1 

100 50 

150 ppm/DC 

±10 

0.2 0.1 05 

0.3 %/V 
±0.2 

200 100 300 

200 100 300 
ns 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*Timing interval error is defined as the difference betwee"n 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 kD to 100 kD, 
C = 0.1 p.F. 

'Values specified are for a device in an astable circuit similar to Figure 1, with component values as follow: RA = 1 kll to 100 kll, C = 0.1 p.F. 

TYPICAL APPLICATION DATA 

RB 

OPEN 
(See 

Note AI 

eONT 

RESET 

"'---1 DISCH 

THRES 

"''''--1 TRIG 

e~ 

Vec 
(5 V to 15 VI 

Vee 

OUT OUTPUT 

GND 

FIGURE 1. CIRCUIT FOR ASTABLE OPERATION 

NOTE A: Bypassing the control voltage input to ground with 
a capacitor may improve operation. This should 
be evaluated for individual applications. 

RESET 

"'--~DISeH 

... ----t THRES 

INPUT -+----1 TRIG 

Vce 
(5 V to 15 VI 

Vee 

OUT OUTPUT 

GND 

FIGURE 2. CIRCUIT FOR MONOSTABLE OPERATION 
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• 90-MHz Bandwidth 

• Adjustable Gain to 400 

• No Frequency Compensation Required 

• Adjustable Passband 

• Designed to be Interchangeable with 
Signetics SE592 and NE592 

DEVICE TEMPERATURE AVDRANGE 

TYPE RANGE (GAIN OPTION 1) 

SE592 -55'C to 125'C 300-500 
NE592 O'Cto 70'C 250-600 
NE592A 0'Ct070'C 400-600 

description 

SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

D2667. FEBRUARY 1984-REVISED FEBRUARY 1988 

NE592. NE592A ••• D OR N PACKAGE 
SE592 .•• J PACKAGE 

(TOP VIEW) 

IN+ IN-
NC NC 

GAIN ADJ 2A GAIN ADJ 2B 
GAIN ADJ 1A GAIN ADJ 1B 

VCC- VCC+ 
NC NC 

OUT + -""' __ ..r" OUT-

NC - No internal connection 

These devices are monolithic two-stage amplifiers 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 devices 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 100 or 400 may be selected without external components; or amplification 
may be adjusted from 0 to 400 by the use of a single external resistor connected between the gain-adjustment 
pins 1A and 1 B. External frequency-compensating components are not required for any gain option. 

The devices are 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. 

The SE592 is characterized for operation over the full military temperature range of -55°C to 125°C. The 
NE592 and NE592A are characterized for operation from O°C to 70°C. 

PRODUCTION DATA documonls contain information 
currant 8S of publication date. Products conform to 
specifications per the terms of Taxas Instruments 

::~:~~i;at::I~" =~:~ti:r :'~O:=::::A::~ not 
TEXAS ~ 
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POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 
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• 

SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

schematic 

2.4 kn 2.4 kn 

1101 Vee. 

17) OUT< 

181 OUT-

'---.... __ --4>--___ ........ __ ---+ __ -1=51 Vee_ 

All resistor values shown are in ohms and nominal." 
In NE592 or SE592, Rl = 500 n, R2 = 500 n. 
In NE592A, Rl = 600 n, R2 = 600 n. 

symbol 

GAIN {IA 
ADJUST lB 

IN+ OUT+ 

IN- OUT-

GAIN {2A 
ADJUST 2B 

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

Supply voltage VCC+ (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 mA 
Continuous total power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature range: SE592 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -55°C to 125°C 

NE592, NE592A .......................... 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: D or N package ............ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . . . . . . . . . . . . . . .. 300°C 

NOTE 1: All voltage values except differential input voltages are with respect to the midpoint between VCC+ and VCC-. 

PACKAGE 
TA s 2S'C 

POWER RATING 

D 500mW 

J 500mW 

N 500mW 

DISSIPATION RATING TABLE 

DERATING DERATE TA = 70'C 

FACTOR ABOVETA POWER RATING 

N/A N/A 500mW 

11 mWrc 105'C 500mW 

N/A N/A 500mW 

TEXAS .., 
INSTRUMENTS 
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TA = 12S'C 

POWER RATING 

275mW 



recommended operating conditions 

MIN 

Supply voltage, VCC+ 3 

Supply voltage, VCC- -3 

Operating Iree-air temperature, T A -55 

SE592, NE592, NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

NE592 
SE592 

NE592A UNIT 

NOM MAX MIN NOM MAX 

6 8 3 6 8 V 

-6 -8 -3 -6 -8 V 

125 0 70 °c 

electrical characteristics at 25°e operating free-air temperature, Vee + 
(unless otherwise noted) 

6 V, Vee- -6V 

PARAMETER 
TEST 

TEST CONDITIONS 
FIGURE 

Large-signal differential 
AVD 1 Vopp = 3 V, RL = 2 kn 

voltage amplification 

BW Bandwidth (-3 dB) 2 VOPP = 1 V 

110 Input offset current 

liB Input bias current 

VICR 
Common-mode input voltage 3 
range 

VOC 
Common-mode output 1 RL = 00 voltage 

VOO Output offset voltage 1 Via = 0, RL = 00 

VOPP 
Maximum peak-to-peak 
output voltage swing 

1 RL = 2 kn 

r; Input resistance 

ro Output resistance 

Ci Input capacitance 

CMRR 
Common-mode 3 VIC - ±1 V, I-100kHz 

rejection ratio 3 VIC - ±1 V, 1- 5 MHz 

kSVR 
Supply-voltage rejection 

4 
dVCC+ = ±0.5 V, 

ratio (dVCC!dVIO) dVCC- = ±0.5 V 

Vn 
Broadband equivalent noise 4 BW = 1 kHz to 10 MHz 
voltage 

tpd Propagation delay time 2 dVO = 1 V 

tr Rise time 2 dVO = 1 V 

Isink(max) Maximum output sink current 

ICC Supply current No load, No signal 

trhe gain option is selected as lollows: 
Gain Option 1 .. Gain Adjust pin lA is connected to pin 1 B, pins 2A and 2B are open. 
Gain Option 2 .. Gain Adjust pin 2A is connected to pin 2B, pins 1 A and 1 B are open. 
Gain Option 3 .. All Gain Adjust pins are open. 

TEXAS ." 
INSTRUMENTS 
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GAIN SE592 

OPTIONt MIN TYP 

1 300 400 

2 90 100 

1 40 

2 90 

1,2, or3 0.4 

1,2, or 3 9 

1,2, or3 ±1 

1,2, or3 2.4 2.9 

1 

2 

3 0.35 

1,2, or 3 3 4 

1 4 

2 20 30 

20 

2 

2 60 86 

2 60 

2 50 70 

1,2, or3 12 

1 7.5 

2 6 

1 10.5 

2 4.5 

1,2, or3 3 4 

1,2, or 3 18 

MAX 

500 

110 

3 

20 

3.4 

1.5 

1 

0.75 

10 

10 

24 

UNIT 

VN 

MHz 

/LA 

/LA 

V 

V 

V 

V 

kn 

n 

pF 

dB 

dB 

/LV 

ns 

ns 

mA 

mA 
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SE592 
DIFFERENTIAL VIDEO AMPLIFIER 

electrical characteristics over recommended operating free-alr temperature range, Vcc+ = 6 V, 
Vcc - = - 6 V (unless otherwise noted) 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS 

AVO 
Large-signal differential 

VOpp = 3V 
voltage amplification 

1 

110 Input offset current 

liB Input bias current 

VICR 
Common-mode Input 3 
voltage range 

VOO Output offset voltage 1 VIO=O, RL=co 

Maximum output 
VOpp voltage peak-te-peak 1 RL=2k!l 

swing 
q Input resistance 

CMRR Common-mode 3 VIC = ±1 V, f = 100 kHz 
rejection ratio 

kSVR 
Supply voltage rejection 

4 
<l.VCC+ = :to.5 V, 

ratio (<l.VCC/<l.VIO) <l.VCC- = ±0.5 V 

Islnk(max) 
Maximum output sink 
current 

ICC Supply current 1 No load, No signal 

trhe gain option is selected as follows: 
Gain Option 1 .. Gain Adjust pin 1A Is connected to pin 1 B; pins 2A and 2B are open. 
Gain Option 2 .. Gain Adjust pin 2A Is connected to pin 2B; pins 1A and 1 B are open. 
Gain Option 3 .. All Gain Adjust pins are open. 

GAIN SE592 

OPTIOW 
UNIT 

MIN TYP MAX 
1 200 600 

VN 
2 60 120 

10r2 6 pA 

10r2 40 pA 

10r2 ±1 V 

1 1.6 
2 1.2 V 
3 1 

10r2 2.5 V 

2 8 k!l 

2 50 dB 

2 60 dB 

1,2,or3 2.5 rnA 

1,2,or3 27 rnA 
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electrical characteristics at 25°e operating free-air temperature, Vee + 6V, Vee-
TEST 

PARAMETER 
FIGURE 

TEST CONDITIONS 

AVD 
Large signal differential 

vottage amplification 
1 VOPP = 3V, RL = 2 kU 

BW Bandwidth (-3 dB) 2 VOPP = 1 V 

110 Input offset current VIC -0 

liB Input bias current VIC =0 

VICR Common-mode input vottage range 3 

VOC Common-mode output vottage 1 RL- oo 

VOO Output offset vottage 1 VID= 0, RL = 00 

VOPP 
Maximum peak-to-peak output 
vottage swing 

1 RL = 2 kU 

~ Input resistance 

ro Output resistance 

Ci Input capacitance 

CMRR Common-mode rejection ratio 
3 VIC - ±1 V, f - 100 kHz 

3 VIC - ±1 V, f= SMHz 

kSVR 
Supply-vottage rejection 

4 
Ll.VCC+ - ±O.S V, 

ratio (Ll.VC(')Ll.VIO) Ll.VCC- = ±0.5 V 

Vn Broadband equivalent noise voltage 4 BW = 1 kHz to 10MHz 

lpd Propagation delay time 2 Ll.VO= 1 V 

lr Rise time 2 Ll.VO = 1 V 

ISink(max) Maximum output sink current 

ICC Supply current No load, No Signal 

tThe gain option is selected as follows: 
Gain Option 1 .. Gain Adjust pin 1 A is connected to pin 1 B, pins 2A and 2B are open. 
Gain Option 2 .. Gain Adjust pin 2A is connected to pin 2B, pins lA and 1 B are open. 
Gain Option 3 .. All Gain Adjust pins are open. 

Special Functions II 

GAIN NE592 

OPTIONt MIN TYP 

1 250 400 

2 80 100 

1 40 

2 90 

1,2, or3 0.4 

1,2,or3 9 

1,2,or3 ±1 

2.4 2.9 

10r2 

3 0.35 

1,2,or3 3 4 

1 4 

2 10 30 

20 

2 

2 60 86 

2 60 

2 50 70 

1,2,or3 12 

1 7.5 

2 6 

1 10.5 

2 4.5 

1,2,or3 3 4 

1,2,or3 18 
-

- 6 V (unless otherwise noted) 

NE592A 
UNIT 

MAX MIN TYP MAX 

600 400 440 600 
VN 

120 80 100 120 

40 

90 
MHz 

5 0.4 5 p.A 

30 10 30 p.A 
±1 V 

3.4 2.4 2.9 3.4 V 

1.5 1.5 
V 

0.75 0.35 0.75 

3 4 V 

4 

10 30 
kU 

20 n 
2 pF 

60 86 

60 
dB 

50 70 dB 

12 !LV 
7.5 

10 6 10 
ns 

10.5 

12 4.S 12 
ns 

3 4 rnA 

24 19 24 rnA 
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electrical characteristics over recommended operating free-air temperature range, Vee + 
(unless otherwise noted) 

TEST 
PARAMETER 

FIGURE 
TEST CONDITIONS 

Large signal differential 
AVD voltage amplification 

1 Vopp ~ 3 V 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 3 

VOO Output offset voltage 1 VID ~ 0, RL ~ 00 

VOPP 
Maximum output voltage 1 RL ~ 2 kf1 peak-to-peak swing 

r; Input resistance 

CMRR Common-mode rejection ratio 3 VIC ~ ±1 V, f ~ 100 kHz 

-!SVR 
Supply-voltage rejection 

4 
t.vCC+ - ±0.5 V, 

ratio (6VCc!6VIO) 6VCC- ~ ±0.5 V 

ISink(maxt Maximum output sink current 

ICC Supply current 
-- ~--- No load, No signal 

------------

tThe gain option is selected as follows: 
Gain Option 1 .. Gain Adjust pin 1 A is connected to pin 1 B, pins 2A and 2B are open. 
Gain Option 2 .. Gain Adjust pin 2A is connected to pin 2B, pins 1A and 1B are open. 
Gain Option 3 .. All Gain Adjust pins are open. 

GAIN NE592 

OPTIONt MIN TYP 

1 250 

2 80 

1 or 2 

1 or 2 

10r2 ±1 

1 or 2 

3 

1 or 2 2.8 

2 8 

2 50 

2 50 

1,2,or3 

__ 1~r~ 

6V, Vee-

NE592A 

MAX MIN TYP 

600 400 

120 80 

6 

40 

±1 

1.5 

1 

2.8 

8 

50 

50 

2.8 4 

27 

-6V 

MAX 

600 

120 

6 

40 

1.5 

1 

27 

UNIT 

VN 

!LA 

!LA 
V 

V 

V 

kU 

dB 

dB 

mA 

mA 
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SE592, NE592,NE592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

0.2 "F 

VO+ VO+ 

RL 

VO- VO_ 

VO++VO_ 500 500 
0.2 "F 

VOC= 
2 -= -= -= 

FIGURE 1 FIGURE 2 

0.2",F 

Vo+ 

1 b:i vIc 
Vo_ 

1 kO 1 kO 

-= -= 
FIGURE 3 FIGURE 4 
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• Accurate Sonar Ranging from 6 Inches to 
35 Feet 

• Drives 50-kHz Electrostatic Transducer with 
No Additional Interface 

• Operates from Single Supply 

• Accurate Clock Output Provided for External 
Use 

• Selective Echo Exclusion 

• TTL-Compatible 

• Multiple Measurement Capability 

• Uses TL851 and TL852 Sonar Ranging 
Integrated Circuits 

description 

SN28827 
SONAR RANGING MODULE 

02780. OCTOBER 19B3-REVISEO MARCH 19BB 

See schematic, Figure 4, for terminal assignments. 

The SN28827 is an economical sonar ranging module that can drive a 50-kHz, 300-V electrostatic transducer 
with no additional interface. This module, with a simple interface, is able to measure distances of from 
6 inches to 35 feet. The typical absolute accuracy is ± 2% at one foot or greater. 

This module has an external blanking input that allows selective echo exclusion for operation in a multiple­
echo mode. The module is able to differentiate echos from objects that are only three inches apart. The 
digitally controlled-gain, variable-bandwidth amplifier minimizes noise and sidelobe detection in sonar 
applications. 

The module has an accurate ceramic-resonator-controlled 420-kHz time-base generator. An output based 
on the 420-kHz time base is provided for external use. The sonar transmit output is 16 pulses at a frequency 
of 49.4 kHz. 

The SN28827 operates over a supply voltage range of from 4.5 V to 6.8 V and is characterized for operation 
from ooe to 40°C. 

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

Voltage from any pin to ground (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage from any pin except XDeR to Vee (see Note 1) ..................... -7 V to 0.5 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 40°C 
Storage temperature range .......................................... - 40°C to 85 °e 

NOTE 1: The XDCR pin may be driven from - 1 It to 300 V typical with respect to ground. 

Copyright © 1983. Texas Instruments Incorporated 
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SN28827 
SONAR RANGING MODULE 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, VCC_ 4.5 6.B V 

High-level input voltage, VIH I BLNK, BINH, INIT 2.1 V 

Low-level Input voltage, VIL I BLNK, BINH, INIT 0.6 V 
ECHO and OSC output voltage 6.B V 
Delay time, power up to INIT high 5 ms 

Recycle period BO ms 

Operating free-air temperature, T A 0 40 ·C 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

Input current I BLNK, BINH, INIT VI = 2.1 V 

High-level output current, IOH I ECHO, OSC VOH - 5.5 V 
Low-level output voltage, VOL I ECHO, OSC IOL = 1.6 mA 
Transducer bias voltage 

Transducer output voltage (peak-to-peak) 

Number of cycles for XDCR output to reach 300 V C = 500pF 

Internal blanking interval See Note 2 

Frequency during 16-pulse OSC output 
Sea Note 2 

transmit period XMIT output 

Frequency after 16-pulse OSC output 
See Note 2 

transmit period XMIT output 

Supply current, ICC 
During transmit period 

After transmit period 

t All typical valuas are at VCC = 5 V and TA = 25 ·C. 
NOTE 2: These typical values apply for a 420-kHz ceramic resonator. 

schematics of inputs and outputs 

EQUIVALENT OF BLNK. BINH 
AND INIT INPUTS 

INPUT-_""" ..... -i 

TYPICAL OF ECHO AND 
OSC OUTPUTS 

REFTr-

___ ) oumn 
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MIN Typt MAX UNIT 

1 mA 

100 !LA 
0.4 V 

150 V 

300 V 

7 

2.3B ms 

49.4 

49.4 
kHz 

93.3 

0 
kHz 

2000 

100 
mA 



operation with Polaroid electrostatic transducer 

SN28827 
SONAR RANGING MODULE 

There are two basic modes of operation for the SN28827 Sonar ranging module: single-echo mode and 
multiple-echo mode. The application of power (VCC), the activation of the Initiate (lNIT) input, and the 
resulting transmit output, and the use of the Blanking Inhibit (BIN H) input are basically the same for either 
mode of operation. After applying power (VCC), a minimum of 5 ms must elapse before the INIT input 
can be taken high. During this time, all internal circuitry is reset and the internal oscillator stabilizes. When 
INIT is taken high, drive to the Transducer (XDCR) output occurs. Sixteen pulses at 49.4 kHz with 300-V 
amplitude will excite the transducer as transmission occurs. At the end of the 16 transmit pulses, a dc 
bias of 150 V will remain on the transducer as recommended for optimum operation by the transducer 
manufacturer. 

In order to eliminate ringing of the transducer from being detected as a return signal, the receive (REC) 
input of the ranging control IC is inhibited by internal blanking for 2.38 ms after the initiate signal. If a 
reduced blanking time is desired, then the BINH input can be taken high to end the. blanking of the Receive 
input anytime prior to internal blanking. This may be desired to detect objects closer than 1.33 feet 
corresponding to 2.38 ms and may be done if transducer damping is sufficient that ringing is not detected 
as a return signal. 

In the single-echo mode of operation (Figure 1). all that must be done next is to wait for the return of 
the transmitted signal, traveling at approximately 0.9 ms per foot out and back. The returning signal is 
amplified and appears as a high-logic-level echo output. The time between INIT going high and the echo 
(ECHO) output going high is proportional to the distance of the target from the transducer. If desired, the 
cycle can now be repeated by returning INIT to a low-logic level and then taking it high when the next 
transmission is desired. 

INIT ____ ..... 

TRANSMIT 
(INTERNAL) 

BLNK 

BINH 

--.J I 1 ...... 1_6_PU_L_S_ES _________________ _ 

LOW 

LOW 

INTERNAL I I 
BLANKING ----~.+-2.38 MS-+'------------------------

ECHO 

-------------~ 
FIGURE 1. EXAMPLE OF A SINGLE-ECHO-MODE CYCLE WITHOUT BLANKING INPUT 

If there is more than one target and multiple echos are to be detected from a single transmission, then 
the cycle is slightly different (Figure 2). After receiving the first return signal, which causes the ECHO 
output to go high, the Blanking (BLNK) input must be taken high then back low to reset the Echo output 
for the next return signal. The blanking signal must be at least 0.44 ms in duration to account for all 16 
returning pulses from the first target and allow for internal delay times. This corresponds to the two targets 
being 3 inches apart. 
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SN28827 
SONAR· RANGING MODULE 

INIT ___ --' 

TRANSMIT I I I 16 PULSES 
(INTERNAL) ---....... • 

BLNK __________________ ~r1~ ________ ~r_lL_ __________ __ 

BINH ____ ..... 

INTERNAL n 
BLANKING ___ --' 1.-------------------------

ECHO ________________ ~r_l~ ________ ~n~ ____________ __ 
FIGURE 2. EXAMPLE OF A MUL TIPLE-ECHO-MODE CYCLE WITH BLANKING INPUT 

During a cycle starting with INIT going high, the receiver amplifier gain is incremented higher at discrete 
times (Figure 3) since the transmitted signal is attentuated with distance. At approximately 38 ms, the 
maximum gain is attained. For this reason, sufficient gain may not be available for objects greater than 

100 
70 

40 

20 

10 
c 7 .; 

C1 4 ~ .. 
> 
'iii 2 u .. 
a: 

1 
0.7 

0.4 

0.2 

0.1 

-

RECEIVER GAIN 
vs 

GAINSTEP NUMBERS 

r--

o 1 2 3 4 5 6 7 8 9 10 11 
Gain Steps 

FIGURE 3 
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SN28827 
SONAR RANGING MODULE 

35 feet away. Although gain can be increased by varying R1 (Figura 4), there is a limit to which the gain 
can be increased for reliable module operation. This will vary from application to application. The modules 
are "kitted" prior to their final test during manufacture. This is necessary because the desired gain 
distribution is much narrower than the module gain distribution if all were kitted with one value resistor. 
As kitted, these modules will perform satisfactorily in most applications. As a rule of thumb, the gain can 
be increased by up to a factor of 4, if required, by increasing R1 correspondingly. Gain is directly proportional 
to R1. 

o 0 :z: ~ 
~ ~ + ~ 5 ! 3 
... !>O we/III 
.-:--- - --- - ---- --- - ------ --- - ----., 8 _________________ 5 1 3 ______ 2 6 7.JJI 

pF 

R4 
68 kll 

Cl 
0.01 "F 

R2 
6kll 

4 

7 

6 

8 

3 

2 

16 

tRl is selected at the factory. 

1 
48.0 

T 

Ul U2 
TL852 TL851 

LC VCC 
5 13 

FIL ECHO 9 

G21N NC 
11 10 

OSC BINH 
15 

Gl0UT NC 
10 14 

INIT BLNK 
16 

BIAS GCA 
14 5 

GCA 

GAOJ GCB 
13 6 

GCB 

G1IN GCC 12 7 
GCC 

XIN GCO 15 4 
GCO 

GNO REC 
9 8 

REC 

C4 C3 1000 
pF 1 pF 

FIGURE 4. SCHEMATIC 

8 ea. HOLES 
0.79 (0.0311 OIA 

HOLES 
1.2 (0.0471 OIA 

I. 56.1 (2.21)----... ·1 
01 TLB51 II TL852 10 I 
U -c::J- -c:::J-RI C2 (0.881 

8 C4 l-c:::J-R2 I 
~;::~!:::.::.=OJ~-c::rR4 -L 

C3 Ll 
C5 Tl 0 

1~-L __ ~:Ql Cl 

CRI 
CR2 

~ ZENER O~OOE 
NPN TRANSISTOR 

41.7 (1.641 

OVERALL HEIGHT 15 15.2 (0.60"1 TVP 

NOTE: All dimensions are in millimeters and parenthetically in inches. 

FIGURE 5. COMPONENT LAYOUT AND DIMENSIONS OF MODULE 

C6 
0.0022 "F 

J2 
XOCR 

J3 
XGNO 
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• Accurate Sonar Ranging from 6 Inches to 
35 Feet 

• Drives 40-kHz Piezoelectric Transducer 

• Operates from Single Supply 

• Accurate Clock Output Provided for External 
Use 

• Selective Echo Exclusion 

• TTL-Compatible 

• Multiple Measurement Capability 

• Uses TL852 and TL853 Sonar Ranging 
Integrated Circuits 

description 

SN28828 
SONAR RANGING MODULE 

02842, JANUARY 1985 

See schematic, Figure 4, for terminal assignments. 

The SN28828 is an economical sonar ranging module that can drive a 40-kHz piezoelectric transducer 
with no additional interface. This module, with a simple interface, is able to measure distances ranging 
from 6 inches to 35 feet. The typica' absolute accuracy is ± 2% at one foot or greater. 

This module has an external blanking input that allows selective echo exclusion for operation in a multiple­
echo mode. The module is able to differentiate echos from objects that are only 3,5 inches apart. The 
digitally controlled-gain, variable-bandwidth amplifier minimizes noise and side-lobe detection in sonar 
applications. 

The module has an accurate ceramic-resonator-controlled 420-kHz time-base generator. An output based 
on the 420-kHz time base is provided for external use. The sonar transmit output is 16 pulses at a frequency 
of 40 kHz. 

The SN28828 operates over a supply voltage range of from 4.5 Vto 6.8 V and is characterized for operation 
from ooe to 40 oe. 

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

Voltage from any pin to ground (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage from any pin except XDeR to Vee (see Note 1) ..................... - 7 V to 0.5 V 
Operating free-air temperature range ...................................... ooe to 40 0 e 
Storage temperature range .......................................... - 40 0 e to 85°e 

NOTE 1: The XDCRpin may be driven to ± 35 V typical with respect to ground. 

Copyright @ 1984, Texas Instruments Incorporated 
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SN28828 
SONAR RANGING MODULE 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage. V CC 4.5 6.8 V 

High-level input voltage. V,H L BLNK. BINH. INIT 2.1 V 

Low-level input voltage. V,L I BLNK. BINH. INIT 0.6 V 

ECHO and OSC output voltage 6.8 V 

Delay time. power up to INIT high 5 ms 

Recycle period 80 ms 

Operating free-air temperature, T A 0 40 DC 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

Input current I BLNK. BINH. INIT V, = 2.1 V 

High-level output current. IOH I ECHO. OSC VOH = 5.5 V 

Low-level output voltage. VOL I ECHO. OSC IOL = 1.6 mA 

Transducer output voltage (peak-to-peak) 

Internal blanking interval See Note 2 

Frequency during 16-pulse OSC output 
See Note 2 

transmit period XMIT output 

Frequency after 16-pulse OSC output 
See Note 2 

transmit period XMIT output 

During transmit period 
Supply current. ICC 

After transmit period 

tTypical values· are at VCC = 5 V and T A = 25 DC. 
NOTE 2: These typical values apply for a 420-kHz ceramic resonator. 

schematics of inputs and outputs 

EQUIVALENT OF BLNK. BINH. 
AND INIT INPUTS 

TYPICAL OF ECHO AND 
OSCOUTPUTS 

MIN 

IN PUT --'I,/V'v-411-1 
REFI;=-

___ ) 0"""' 
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1 mA 

100 pA 

0.4 V 

70 V 

2.46 ms 

40 

40 
kHz 

93.3 
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350 
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operation with 40-kHz piezoelectric transducer 

SN28828 
SONAR RANGING MODULE 

There are two basic modes of operation for the SN28828 Sonar ranging module: single-echo mode and 
multiple-echo mode. The application of power (VCC). the activation of the Initiate (lNIT) input and the 
resulting transmit output, and the use of the Blanking Inhibit (BINH) input are basically the same for either 
mode of operation. After applying power (VCC). a minimum of 5 ms must elapse before the INIT input 
can be taken high. During this time, all internal circuitry is reset and the internal oscillator stabilizes. When 
INIT is taken high, drive to the Transducer (XDCR) output occurs. Sixteen pulses at 40 kHz with 70-V 
peak-to-peak amplitude will excite the transducer as transmission occurs. 

In order to eliminate ringing of the transducer from being detected as a return signal, the Receive (REC) 
input of the ranging control IC is inhibited by internal blanking for 2.46 ms after the initiate signal. If a 
reduced blanking time is desired, then the BINH input can be taken high to end the blanking of the Receive 
input anytime prior to internal blanking. This may be desired to detect objects closer than 1.37 feet 
corresponding to 2.46 ms and may be done if transducer damping is sufficient that ringing is not detected 
as a return Signal. 

In the single-echo mode of operation (Figure 1), all that must be done next is to wait for the return of 
the transmitted signal, traveling at approximately 0.9 ms per foot out and back. The returning Signal is 
amplified and appears as a high-logic-level echo output. The time between INIT going high and the Echo 
(ECHO) output going high is proportional to the distance of the target from the transducer. If desired, the 
cycle can now be repeated by returning IN IT to a lOW-logic level and then taking it high when the next 
transmission is desired. 

INIT ____ ~ 

TRANSMIT 
(INTERNAL) 

BLNK 

BINH 

-.J I I 16 PULSES 

LOW 

LOW 

INTERNAL I I 
BLANKING ----_ ..... 2.46 m ...... ------------------------

ECHO 

--------------------------~ 
FIGURE 1. EXAMPLE OF A SINGLE-ECHO-MODE CYCLE WITHOUT BLANKING INPUT 

If there is more than one target, and multiple echos are to be detected from a single transmission, then 
the cycle is slightly different (Figure 2). After receiving the first return signal, which causes the ECHO 
output to go' high, the Blanking (BLNK) input must be taken high then back low to reset the Echo output 
for the next return Signal. The blanking signal must be at least 0.52 ms in duration to account for all 16 
returning pulses from the first target and allow for internal delay times. This corresponds to the two targets 
being 3.5 inches apart. 
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SN28828 
SONAR RANGING MODULE 

INIT 
--~~ 

16 PULSES TRANSMIT I I I 
(lNTERNALI----.II L ________ ~--~------------

BLNK _________ ~r1~ ____ ~r_l~ ______ _ 

BINH ____ --' 

INTERNAL n BLANKING ___ -.II L _______________________ _ 

ECHO _______ ~nL. ____ .... n'_ ______ _ 
FIGURE 2. EXAMPLE OF A MUL TIPLE-ECHO-MODE CYCLE WITH BLANKING INPUT 

During a cycle starting with INIT going high, the receiver amplifier gain is incremented higher at discrete 
times (Figure 3) since the transmitted signal is attenuated with distance. At approximately 38 ms, the 
maximum gain is attained. For this reason, sufficient gain may not be available for objects greater than 
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SN28828 
SONAR RANGING MODULE 

35 feet away. Although gain can be increased by varying R1 (Figure 4). there is a limit to which the gain 
can be increased for reliable module operation. This will vary from application to application. The modules 
are "kitted" prior to their final test during manufacture. This is necessary because the desired gain 
distribution is much narrower than the module gain distribution if all were kitted with one value resistor. 
As kitted, these modules will perform satisfactorily in most applications. As a rule of thumb, the gain can 
be increased by up to a factor of 3, if required, by increasing R 1 correspondingly. Gain is directly proportional 
to R1. 

c 0 J: .. 

~ !: + 1Il Q ii!: 3 
a.. ~>o WmCD 
~--- -- - - - --- - - - - ------ - -- - ----, 
~ _________________ 5 1 3 ______ 2 6 7.JJI 

R4 
68kn 

Cl 
0.015jtF 

R2 
10 kn 

4 

7 

6 

8 

3 

2 

16 

Ul 
TL852 

LC 

G21N 

Gl0UT 

BIAS 

GADJ 

G1IN 

XIN 

GND 

U2 
TL853 

VCC 
5 13 

FIL ECHO 
9 

NC 
11 10 

OSC BINH 
15 

10 14 16 
NC INIT BLNK 

GCA 
14 5 

GCA 

GCB 
13 

GCC 
12 

GCD 15 

REC 
9 

C4 
1000 
pF 

J2 
XDCR 

L-----~~------~------------------~-------------+~~------~~~~--+---X~~D ~ 
tRl is selected at the factory. .. 

1 
46.0 

11.89) 

1 

FIGURE 4. SCHEMATIC 

8 ea HOLES 

0.79 (0.031 ( DIA. 

HOLES 

1.2 (0.047) DIA 

+----- 56.1 (2.211----.~ I 
TL853 I I TL852 10 J4 

-c::::J- -c::::J- Rrl __ C_2 ... I 

C6 

14NPN TRANSISTOR I 
41,711.64)----1 

OVERALL HEIGHT IS 15,2 (0.60") TYP 

NOTE: All dimensions are in millimeters and parenthetically in inches. 

FIGURE 5. COMPONENT LAYOUT AND DIMENSIONS OF MODULE 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 

U) 

C o 
'';:; 
(.) 
C 
:::J 

LL 

'ii 
'(3 
CI) 
Q. 

VJ 

4-71 



II 

." 
C 
~ n ... s· 
~ 
(/) 

4-72 



• Each Circuit Contains 3 Programmable 
Tone Generators 

• Programmable White-Noise Generator 

• Programmable Attenuation 

• Simultaneous Sounds 

• Up to 500 kHz Clock Input for SN76494 and 
4 MHz for SN76496 

• External Audio Input for SN76496 May Be 
Summed with Internally Generated Tones 

• The SN76494A and SN76496A are 
Interchangeable with the SN76494 
and SN76496, Respectively 

description 

SN76494, SN76494A, SN76496, SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR 

02801. JUNE 1984 - REVISED JANUARY 1989 

N 
DUAL-IN-LINE PACKAGE 

ITOP VIEW) 

D2 VCC 
D1 D3 

DO ClK 

READY D4 
WE D5 

CE D6 

AUDIO OUT D7 

GND AUDIO IN 

The SN76494 and SN76494A digital complex sound generators are integrated injection logic (12L) tone 
generators designed to provide low-cost tone or noise generation capability in microprocessor systems. The 
SN76494 and SN76494A are data-bus-based input-output peripheral devices that interface the 
microprocessor through 8 data lines and 3 control lines. 

The SN76494 and SN76494A are identical to the SN76496 and SN76496A except that the maximum clock 
input frequency for SN76494 and SN76494A is 500 kHz and for SN76496 and SN76496A, it is 4 MHz. A 
"divide-by-eight" stage is deleted from the SN76496 and SN76496A circuitry so that only 4 clock pulses are 
required to load the data into the SN76494 and SN76494A, compared to 32 pulses for the SN76496 and 
SN76496A. 

Either of these devices may also be used as a replacement for the SN76489A in all applications if pin 9 is left 
open or grounded. The output load must be limited to 10 mAo 

When audio input is not desired in the SN76494, SN76494A, SN76496 or SN76496A, the audio input pin 
should be grounded. 

functional block diagram 

D1 

02 

D3 

00 

06 

DO 

07 

AUDIO 
OUTPUT 

DECODER 

Copyright @ 1984, Texas Instruments Incorporated 

U) 
c: 
o '., (,) 
C 
j 

LL. 

PRODUCTION DATA documl.ts contel. I.formltlon 
cunlnt I. of publlclllion dltl. Praduct. conform t. 
'pocificlIIl ••• par thl tlrma of TI.I. Instrumenll 

:~=~I~.r::1~1~ =:~tl:: :.\"::::~~~~. not 
TEXAS ." 

INSlRUMENTS 4-73 

POST OFFICE BOX 855012 • DALLAS, TeXAS 75265 



II 

"TI 
s::: 
j 
n .. 
0' 
j 
en 

SN76494, SN76494A, SN76496; SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR 

schematics of inputs and o~tputs 

EQUIVALENT OF DATA INPUTS EQUIVALENT OF CLOCK INPUT TYPICAL OF ALL OUTPUTS 

Vcc --- Vcc ---- __ QOU~ 
20kO 

---- ----
INPUT INPUTZ 20 kO 

'::' '::' 

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

Supply voltage, VCC (see Note 1) .............................................. 7 V 
Input voltage, VI: Audio input ................................................ 0.9 V 

All other inputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Output current at pin 7 .................................................... 10 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . .. 1150 mW 
Operating free-air temperature range ...................................... O°C to 70·C 
Storage temperature range ............................. . . . . . . . . . . . .. -55°C to 150°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. 
2. For operation above 25·C free-air temperature, derate linearly to 736 mWat 70·C at the rate of 9.2 mWrC. 

recommended operating conditions 

SN76494, SN76494A SN76496, SN76496A 
UNIT 

MIN NOM MAX MIN NOM MAX 

vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

vlL Low-level input voltage O.B O.B V 

II Audio input current a I.B a 1.8 rnA 

VOH High-level output voltage (pin 4) 5.5 5.5 V 

IOL Low-level output current (pin 4) 2 2 rnA 

fclock Input clock frequency 0.5 4 MHz 

td(wE) Delay time, CE low to WE low 0 a ns 

tsu Setup time, data before WE~ or CE~ 0 a ns 

th Hold time, data after READyt 0 a ns 

TA Operating free-air temperature a 70 a 70 ·e 
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SN76494,SN76494A, SN76496, SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR 

electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

IOH High-level output current (pin 4) Vo = 5.5 V 

IIH High-level input current (All digital inputs) VI = VCC 

CE input 
IlL Low-level input current 

All other digital inputs 
VI = 0 

VIB Input bias voltage, audio (pin 9) R = 4.7kntoVcC 

VOH High-level output voltage (pin 7) 

VOL Low-level output voltage (pin 4) IOL = 2mA 

VCC = 5V, 

VOPP Peak-to-peak output voltage (pin 7) Attenuation: 
Generator under test = 0 dB 
All other generators = 30 dB 

ICC Supply current 

2 dB NOM 

4dB NOM 
Attenuation 

8 dB NOM 
See Table 1 

16 dB NOM 

Ci Input capacitance 

t TYPical values are at VCC = 5 V, TA = 25'C. 

switching characteristics, Vee = 5 V, T A = 25°e 

tpHL 

tpHL 

tpLH 

PARAMETER TEST CONDITIONS 

Propagation delay time, high-to-Iow level ROY 
output from CE 

Propagation delay time high-to-Iow level, ROY 
CL = 225 pF, RL = 2 kntoVcC 

output from WE 

Propagation delay time low-to-high level, ROY 
output from CLK 

PARAMETER MEASUREMENT INFORMATION 

VCC---------------~~----__, 
SN76494. 
SN76494A 

(16) 

Vee 

2 kO 

READY 1-(;..4.:...) .... ---4~---I 

225 pF 

GND 

FIGURE 1. tPHL TEST CIRCUIT 

MIN TYpt MAX UNIT 

10 I1A 

10 ,.A 

-25 -175 

-10 -70 I1A 

0.5 0.7 0.9 V 

5.5 V 

0.25 0.4 V 

260 mV 

30 50 rnA 

1 2 3 

3 4 5 

8 9 
dB 

7 

15 16 17 

15 pF 

MIN TYP MAX UNIT 

90 150 ns 

90 ns 

90 ns II 
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SN76494, SN7'6494A, SN76496, SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR 

pin assignments and functions 

SIGNATURE PIN I/O DESCRIPTION 

CE 6 I Chip Enable. When chip enable is low, the device Is operational, input terminals are enabled, and data may be 
entered. 

DO (MSB) 3 I 
01 2 I 
02 1 I 
03 15 I 

DO through 07 - Input data bus 
04 13 I 
D5 12 I 

06 11 I 
07 (LSB) 10 I 

VCC 16 I Supply voltage (5 V nom) 
GNO 8 0 Ground reference 
CLOCK 14 I Input Clock 

Write Enable. When c:E is enabled and WE is active (low), input on the data bus is accepted. CE and WE must 

WE 5 I be held low until READY returns high (four clock cycles for the SN76494 and SN76494A or 32 clock cycles for 
the SN76496 and SN76496A). If WE remains low throughout four additional clock cycles for the SN76494 and 
SN76494A (32 clock cycles for the SN76496 and SN76496A) a new write cycle will be in~iated. 

READY 4 0 When low, READY indicates that a write cycle is in progress; data on the input bus must remain valid until 
READY returns high. 

AUDIO IN 9 I Audio input from external source 
AUDIO OUT 7 0 Audio Drive Out 

PRINCIPLES OF OPERATION 

tone generators 

Each tone generator consists of a frequency synthesis section and an attenuation section. The frequency 
synthesis section requires 10 bits of information (FO-F9) to define half the period of the desired frequency (f). 
FO is the most significant bit and F9 is the least significant bit. This information is loaded into a 1 a-stage tone 
counter, which counts down at an N/2 rate where N is the input clock frequency. When the tone counter 
counts down to zero, a borrow signal is produced. This borrow signal toggles the frequency flip-flop and also 
reloads the tone counter. Thus, the period of the desired frequency is twice the value of the period register, 

The frequency can be calculated by the following: 

f = 4~ for SN76494 and SN76494A, or f = 3~n for SN76496 and SN76496A 

where N = clock in Hz 
n = 10-bit binary number 

The output level of each tone/nOise generator may be selected by programming a four stage attenuator. The 
attenuator values, along with their bit position in the data word, are shown in Table 1. Multiple attenuation 
control bits may be true simultaneously. Thus, the maximum attenuation is 30 dB. 
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SN76494,SN76494A, SN76496,SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR 

TABLE 1. ATTENUATION CONTROL 

BIT POSITION WEIGHT 

AD A1 A2 A3 (In dB) 

0 0 0 1 2 

0 0 1 0 4 

0 1 0 0 8 

1 0 0 0 16 

1 1 1 1 OFF 

noise generator 

The noise generator consists of a noise source and an attenuator. The noise source is a shift register with an 
exclusive OR-feedback network. The feedback network has provisions to protect the shift register from being 
locked in the zero state. 

TABLE 2. NOISE FEEDBACK CONTROL 

CONFIGURATION 

"Periodic" noise 

"White" noise 

Whenever the noise control register is changed, the shift register is cleared. The shift register will shift at one 
of four rates as determined by the two NF bits. The fixed shift rates are derived from the input clock. 

TABLE 3. NOISE GENERATOR FREQUENCY CONTROL 

BITS 

NFD NF1 
SHIFT RATE 

a 0 N/64 

0 1 N/128 

1 0 N/256 

1 1 Tone generator #3 output 

The output of the noise source is connected to a programmable attenuator as shown in Figure 4. 

output buffer/amplifier 

The output buffer is a conventional operational amplifier summing circuit. It sums the three tone generator 
outputs, the noise generator output, and any audio input through pin 9. The output buffer will generate up to 
10mA. 

To prevent oscillations in the output buffer, the output (pin 7) should be decoupled. This is done by putting 
10 ohms in series with 0.1 floF from pin 7 to ground (see Figure 3). 

data transfer 

The microprocessor selects the SN76494, SN76494A, SN76496, or SN76496A by taking CE low (low 
voltage). Unless CE is low, no data transfer can occur. When CE is low, the WE signal strobes the contents of 
the data bus to the appropriate control register. The data bus contents must be valid at this time. 
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SN76494, SN76494A,SN76496, SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR 

The SN76494 and SN76494A require approximately 4 clock cycles to load the data into the control register. 
The SN76496 and SN76496A require approximately 32 clock cycles. The open·collector READY output is 
used to synchronize the microprocessor to this transfer and is pulled to the false state (low) immediately 
following the falling edge of CE (or WE when data transfer Is Initiated by WE). READY will go high upon 
completion of the data transfer cycle. The data transfer timing is shown below. 

DATA TRANSFER TIMING 

INITIATED BY EE 
SUBSEQUENT DATA TRANSFER 

INITIATED BY WE lEE HAS 

REMAINED lOW SINCE lAST 

TRANSFER CYCLE) 

EE~I' ____ ~ I --- H~------------------~' 

SN76494. 
SN76494A 

ClK 

I 
) 

I 
-.I 

I 

I 

I 

SN76496. I S!.!,....., nil n~ r1. r1 ~ r1 ~ ~~~,....., ,....., r­
SN76496A ~.~ U'LJ LJ L.!.J L.!.J L4'~ LJ LJ 

ClK I I I 
-+I J+-tsu ~ I+-th --t ~tsu 

INPUT ::~~ XI : X:'vj~: --------~X 
I II '01 I '-----

t WE must be returned high (inactive) within 4 clock pulses for the SN76494 and SN76494A (32 clock pulses for the SN76496 and SN76496A) 
after ROY returns high. Otherwise, a new data transfer cycle will be Initiated. 

FIGURE 2. DATA TRANSFER TIMING 

TABLE 4. FUNCTION TABLE 

INPUTS OUTPUT This table is valid when the 

device is: CE WE 
L L 

L H 
H L 
H H 

READY 

L 
L 
H 

H 

(1) not being clocked, and 
(2) is initialized by pulling WE 

and CE high. 
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SN76494, SN76494A, SN76496, SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR 

CPU interface to SN76494, SN76494A, SN76496 or SN76496A 

The microprocessor interfaces with the SN76494, SN76494A, SN76496, or SN76496A by means of the 8 data 
lines and 3 control lines (WE, CE and READY). Each tone generator requires 10 bits of information to select 
the frequency and four bits of information to select the attenuation. A frequency selection requires a double­
byte transfer, while an attenuator selection requires a single-byte transfer. 

If no other control registers on the chip are accessed, a tone generator may be rapidly updated by initially 
sending both bytes of frequency and register data, followed by just the second byte of data for succeeding 
values. The register address is latched on the chip, so the data will continue going into the same register. This 
allows the six most significant bits to be quickly modified for frequency sweeps. 

control registers 

The devices have 8 internal registers that are used to control the 3 tone generators and the noise source. 
During all data transfers to the devices, the first byte contains a 3-bit field that determines the destination 
control register. The register address codes are shown in Table 5. 

TABLE 5. REGISTER ADDRESS FIELD 

RO R1 R2 DESTINATION 
CONTROL REGISTER 

0 0 0 Tone 1 Frequency 

0 0 1 Tone 1 Attenuation 

0 1 0 Tone 2 Frequency 

0 1 1 Tone 2 Attenuation 

1 0 0 Tone 3 Frequency 

1 0 1 Tone 3 Attenuation 

1 1 0 Noise Control 

1 1 1 Noise Attenuation 

data formats 

The formats required to transfer data are shown below. 

I 1 I RO RiG R~Dr R2 I Fe F7DTAFB 1 F9 I ,=o::-::-,--x_LI _F_o-,-I _F;:-:l :-::,-::1 D-;:~-=-!A-=o::1 =F:-3 -,-_F_4 _1,,=:F5:;-:::-,1 
BIT 0 FIRST BYTE BIT 7 BIT 0 SECOND BYTE BIT 7 

UPDATE NOISE SOURCE (SINGLE BYTE TRANSFER) 

I 1 I RD RiG R~Dr R2 I FB I NF~HI~Fl I 
BIT 0 BIT 7 

UPDATE ATTENUATOR (SINGLE BYTE TRANSFER) 

I I REG ADDR I DATA I 
lMI~ I~ MIM I~I~ 

BITO BIT? 
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SN76494, SN76494A, SN76496, SN76496A 
PROGRAMMABLE TONE/NOISE GENERATOR 

TYPICAL APPLICATION DATA 

r-·----- '""ii'kO --1 
I IBUFFER 
I (911 

I 
I 
I 

(SEE NOTE 3) 
C1 C2 Y A~~~~?ERH~ 

100 ' ~ 
I -= I 
I SN76496A I *' 0.1 pF 

L ___ ~.~(~I~L~ __ J 
NOTE 3: The capacitance values of Cl and C2 are determined by the frequency response desired and the audio amplifier used. 

FIGURE 3. EXTERNAL AUDIO OUTPUT INTERFACE 

04----------------------------------------------, 
CLOCK--------------------------------------------, 

03----------------------------------------, 
VCC 

02--------------------~ 

01--------------------~ 

DO--------------------~ 

2.5 k!l 

SELECT ---------L_J 

AUDIO IN---------------------------------...J 

D7------------------------------------~ 

D6------------------------------------~ 

D5----------------------------------------~ 

NOTES: 4. The data lines must be latched so that the data remains on them at least 32 clock cycles for the SN76496 and SN76496A or (4 clock 
cycles for the SN76494 and SN76494A) after the select line goes low. 

5. The select pulse should be a negative-going pulse with minimum duration of 150 ns. 

FIGURE 4. MICROCOMPUTER PARALLEL PORT INTERFACE 
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• 33 Distinct Input·to·Output Emitter Ratios 
from 3:1 to 1:15 

• Wide Input current Range: 
1p.At03mA 

• 35-Volt Output Capability 

• High Output Impedance 

description 

no 1 01. no 1 DC 
ADJUSTABLE·RATIO CURRENT MIRRORS 

02738. SEPTEMBER 1983-REVISED APRIL 1 

P DUAL·IN·LlNE PACKAGE 

(TOP VIEWI 

INPUT DB OUTPUT 
11E 2 7 OlE 
12E 3 6 02E 

08E 4 5 04E 

The TL01 0 is a Wilson current mirror that provides output current in a selectable fixed ratio to the input 
current. The ratio is substantially independent of changes in load. voltages. and temperature. Selecting 
the ratio consists of connecting appropriate input-emitter pins and output-emitter pins to ground as shown 
in Figure 1. 

The TL01 0 is designed to operate with up to 3 mA input current if all three input-emitter pins are used. 
It will also operate at voltages up to 35 V. 

The TL0101 is characterized for operation from -40°C to 85°C. The TL010C is characterized for operation 
from O°C to 70°C. 

typical values of current ratio at TA - 25°Ct 

EMITTER RATIO CURRENT RATIO EMITTER RATIO CURRENT RATIO EMITTER RATIO CURRENT RATIO 

m:nt hF - 10/11 m:nt hF - 10/11 mont hF - 10/11 
1:15 14.1 1:6 5.78 3:8 2.61 
1:14 13.2 2:11 5.34 2:5 2.43 
1:13 12.3 1:5 4.82 3:7 2.26 
1:12 11.4 3:14 4.53 1:2 1.98 
1:11 10.5 2:9 4.38 3:5 1.64 
1:10 9.55 3:13 4.21 2:3 1.45 
1:9 8.62 1:4 3.89 3:4 1.32 
1:8 7.72 3:11 3.57 1:1 0.99 
2:15 7.23 2:7 3:40 3:2 0.663 
1:7 6:71 3:10 3:25 2:1 0.50 
2:13 6.29 1:3 2.90 3:1 0.332 

t m is the number of input emitters used, n is the number of output emitters used. 

schematic 
(81 OUTPUT 

INPUT~(1~I ______________ ~~ __________________________ ~ 

(21 
I1E 

(3) 
12E 

(7) 
OlE 

(6) 
02E 

(5) 
O4E 

(4) 
08E 

Copyright © 1983, Texas Instruments Incorporated 
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no 1 01. no 1 DC 
ADJUSTABLE·RATIO CURRENT MIRRORS 

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

Output voltage (see Note 1) .................................................. 45 V 
Input current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) ........ 725 mW 
Operating free-air temperature range: TL0101 ............................ - 40°C to 85 °C 

TL010C .............................. 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. Input and output voltages are with respect to the common terminal. Neither voltage should be more negative than - 0.3 V. 
2. For operation above 25°C freoRair temperature. derate linearly at the rate of 8.0 mw/oe. 

recommended operating conditions 

TL0101 TL010C 

MIN MAX MIN MAX 
UNIT 

Output voltage, Vo 5 35 5 35 V 
Input voltage, VI 0.6 1.7 0.65 1.6 V 
Input current per input emitter, II o.oill 1 0.001 1 mA 
Operating free-air temperature, T A -40 85 0 70 °C 

electrical characteristics over recommended ranges of operating free-air temperature and output voltage 
(unless otherwise noted) 

TEST CONDITIONSt 
TL0101 TL010C 

UNIT PARAMETER 
MIN TYP* MAX MIN TYP* MAX 

II = m x lp.A 1 1 

II = m x 10 ~A 1.1 1.1 
VI Input voltage V 

11= m x 100 p.A 1.25 1.25 

II = m x 1 mA 1.4 1.4 

m:n = 1:8 6.97 7.72 8.13 7.05 7.72 8.13 

m:n = 1:4 3.61 3.89 4.05 3.64 3.89 4.05 

hF Current ratio (10/111 II = MIN to MAX m:n - 1:2 1.84 1.98 2.07 1.88 1.98 2.07 

m:n - 1:1 0.89 0.99 1.08 0.94 0.99 1.04 

m:n = 2:1 0.46 0.50 0.56 0.475 0.50 0.525 

Temperature coefficient 
II = MIN to MAX 300 300 ppm/oC ahF of current ratio 

Output-ta-input isolation II = MIN to MAX, f = 1 kHz 60 60 dB 

Output threshold TA - MIN 1.1 1.05 
VOlth) II = MIN to MAX V 

voltage§ TA = 25°C 1 1 

II = m x lO~A 200 min 200 min 

ro Output resistance' F = 1 kHz II - m x 100"A 20 min 20 min Mil 

II = m x 1 mA 2 min 2 min 

fmax 
Maximum operating 

11= m x 1 mA, 
frequency# 

RL=5001l 10 10 MHz 

t m Is the number of input emitters, n is the number of output emitters. For conditions shown as MIN or MAX, use the appropriate value 
specified under recommended operating conditions. * All typical values are at T A = 25 ·C. 

§Output threshold voltage is the voltage at which the current ratio is equal to 90% of its value at Vo = 15 V. 
'The output resistance is directly proportional to the number of input emitters divided by the number of output emitters (min). 
#Maximum operating frequency is th~ frequency at which the output current is down 3 dB from its low-frequency value. 
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no 1 01, no 1 OC 
ADJUSTABLE·RATIO CURRENT MIRRORS 

TYPICAL APPLICATION INFORMATION 

(1) 

~ 
II 

m 

TL010 

ml>n 
I 

See Notes 3 and 4 

n 

(8) 

+-
10 

NOTES: 3. Selected emitters must be grounded as close as possible to the package to avoid unstable device behavior. 
Using the fixed-Beta model, the current ratio for a current mirror of m input emitters and n output emitters may be calculated as 

10 ~2n + ~In + m) 

~2m + (~ + 1) 1m + n) 

Second-order effects, such as on-chip self-heating, may slightly perturb the observed ratio from the calculated value. 
4. At high current levels, a small capacitor (270 pF) may be required between the input and output terminals to improve stability. 

FIGURE 1, CURRENT MIRROR SET FOR A CURRENT RATIO OF 2:13 

RATE OF 
FLOW 

(1) 

t Adjust for a mirror of 11.9 

m 

TL010 

ml>n 
I 

n 

Vee 
RUN 

FIGURE 2. TYPICAL APPLICATION CIRCUIT 

Vee_ ---

In the application shown in Figure 2, the problem is to measure a precise volume of liquid flowing through a 
line and shut off the flow with a relay when limit is reached. For the particular volume to be measured and 
the pressure detector used, a current gain of 11.9 is required. By setting the TL010 for a gain of 10 with the 
emitter selection, the exact gain of 11.9 may be obtained by adjusting the pressure-time product control. 
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• Wide Input Current Range: 
1/lAto1mA 

• 35·Volt Output Capability 

• High Output Impedance 

• Current-Ratio Tolerances Over Full 
Temperature Range; 

± 8% for I Suffix 
± 7% for C Suffix 

• Typically Less Than ± 1% Error at 25°C 

INPUT·TO·OUTPUT CURRENT RATIO 
TEMPERATURE 

RANGE 1:1 1:2 1:4 2:1 

-40°C to 85°C TL0111 TL0121 TL021 I 

O·C to 70·C TL011C TL012C TL014AC TL021C 

description 

SERIES n011. n012. n014A. n021 
FIXED·RATIO N·P·N CURRENT MIRRORS 

02614. FEBRUARY 1984-REVISEO OCTOBER 1988 

LP PACKAGE 
(TOP VIEW) 

(]
.: INPUT 

il COMMON 
n OUTPUT 

The TL011, TL012, TL014A, and TL021 are Wilson current mirrors with output currents in fixed proportion 
to the input currents and substantially independent of changes in voltage, load, and temperature. These 
devices make use of the tight matching properties of identical bipolar transistors on a monolithic integrated 
circuit chip to achieve current-ratio accuracy typically better than 98 %. 

Current mirrors are used extensively in linear integrated circuit designs as active loads for operational­
amplifier stages and as current sources for other stages. The TL011 family gives the designer this same 
capability with no sacrifice in accuracy or stability. 

The TL011, TL012, and TL014A are designed to operate with input currents up to 1 rnA and output voltage ~ 
up to 35 V. The TL021 is designed for 2 rnA and 35 V. ~ 

schematics 

TL011 TL012 TL014A g'"' ~om IN IN IN 

COM COM COM 

symbols 

TLOll 

1 ()l 

0 I-

C 

PRODUCTION DATA documonll contain information 
curran! as of publication data. ProduclI .o.form to 
specifications per the terms of TaXI. Instruments 
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SERIES no 11. no 12. no 14A. n021 
FIXED·RATIO N·P·N CURRENT MIRRORS 

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

Output voltage (see Note 1) .................................................. 45 V 
Input current .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 mA 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) . . . . . . .. 775 mW 
Operating free-air temperature range: TL0111, TL0121, TL0211 ................ -40°C to 85°C 

TL011C, TL012C, TL014AC, TL021C ........ OOC 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. Input and output voltages are with respact to the common terminal. Neither voltage should be more negative than -0.3 V. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 6.2 mW/oC. The LP package dissipation rating 

was based on thermal resistance, R8JA, measured in still air with the device mounted in an Augat socket. The bottom of the 
package was 10 mm (0.375 in.) above the socket. 

recommended operating conditions 
TLO __ I TLO __ C, AC 

UNIT 
MIN MAX MIN MAX 

Output voltage, Vo 5 35 5 35 V 

I TL021 0.002 2 0.002 2 
Input current, 10 J All others 0.001 0.001 

mA 
1 1 

Operating free-air temperature, T A -40 85 0 70 °C 
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electrical characteristics over recommended ranges of operating free-air temperature and output voltage (unless otherwise noted) 

TLOll TL012 
PARAMETER TEST CONDITIONS 

Typt Typt MIN MAX MIN MAX 

11= , p.A 1 1 

11- 2 p.A 

11- 10p.A 1.1 1.1 

11- 20 p.A 
V, Input voltage 

11- 100 p.A 1.25 1.25 

II - 200 p.A 

11- 1 rnA 1.4 1.4 

II - 2 rnA 

Current ratio I TlO_1 
It = MIN to MAX+ 

0.92 1 1.08 1.84 2 2.16 
hF 

1'01" , I TLO_C, AC 0.93 1 1.07 1.86 2 2.14 

Temperature coefficient 
II = MIN to MAX 50 uhF 100 

of current ratio 

Output-to-input isolation It = MIN to MAX, f "" 1 kHz 80 80 

Output I TLO_I TA = -40°C 1.35 1.35 

VOlth) threshold I TLO_C, AC I] = MIN to MAX TA == DoC 1.25 1.25 

voltage§ I All TA == 25°C 1.2 1.2 

11= 10 p.A 200 100 

11= 20p.A 

11= 100p.A 20 10 
'0 Output resistance f = 1 kHz 

II = 200 p.A 

It = 1 mA 2 1 

11= 2 rnA 

fmax 
Maximum operating 

frequency' 
II = MAX RL = 500!J 10 10 

--- ----

t All typical values are at T A == 25°C. 
+For test conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

§Output threshold voltage is the voltage at which the current ratio is equal to 90% of its value at Vo = 15 V. 
, Maximum operating frequency is the frequency at which the output current is down 3 dB from its low frequency value. 

Special Functions iii 

n014A n021 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

1 

1 

1.1 

1.1 
V 

1.25 

1.25 

1.4 

1.4 

3.68 4 4.32 0.46 0.5 0.54 

3.72 4 4.28 0.465 0.5 0.535 

200 200 ppm/oC 

80 80 dB 

1.35 1.35 

1.25 1.25 V 

1.2 1.2 

50 

200 

5 
MO 

20 

0.5 

2 

10 10 MH, 

::!!cn 
><m m= c­. m 
=cn 
;a:.-I 
-I .... 
C;~ 
2-

-:a~ 
2 .... 

CI 
n­
CN =­=-1 m .... 
2C1 
-1-
~ 

3l:;a:. 
;;~ = .... QCI =N cn-
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SERIES n011, n012, n014A, n02l 
FIXED·RATIO N·P·N CURRENT MIRRORS 

TYPICAL CHARACTERISTICS 

0 
'i 
a: 
1: 
~ 
!i 
u 

0 ... .. 
a: .. c 
~ 
!i 
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1.05 

1.04 

1.03 

1.02 

1.01 

1.00 

0.99 

0.98 

0.97 

0.96 

0.95 

TL011 
CURRENT RATIO 

vs 
FREE·AIR TEMPERATURE 

II = 1pA 
101lA 

~ 
1 mA 1~ 

-50 -25 o 25 50 75 100 

4.20 

4.16 

4.12 

4.08 

4.04 

4.00 

3.96 

3.92 

3.88 

3.84 

3.80 

-
1--

TA-Free-Air Temperature-OC 

FIGURE 1 

TL014A 
CURRENT RATIO 

vs 
FREE-AIR TEMPERATURE 

II = 100pA 

,01lA :---1 pA 

~ - 1 mA 

-50 -25 o 25 50 75 100 

TA-free-Air Temperature-OC 

FIGURE 3 
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TL012 
CURRENT RATIO 

vs 
FREE-AIR TEMPERATURE 
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0.52 

0.51 
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FIGURE 2 

TL021 
CURRENT RATIO 

vs 
FREE-AIR TEMPERATURE 

II = 1pA .--' 
./ 

100pA 
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T A-free·Air Temperature-°c 
FIGURE 4 
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SERIES n011, n012, TL014A, TL021 
FIXED·RATIO N·P·N CURRENT MIRRORS 

TYPICAL APPLICATIONS INFORMATION 

TLOll 

1 I> , 

~ 

VCC 

+--
10 

VARIATIONS IN RL DO NOT 

AFFECT II OR 10 WHEN: 

II - 10 (VCC-VOlth! 
RL 

FIGURE 5. BASIC CURRENT BUFFER 

+12 V 

TL014A 

11>4 
I 

250 kO 

TOTAL CIRCUIT POWER DISSIPATION 

Idle condition: Po - 1.5 mW typical 
On condition: Po - 12.5 rnW typical 
10 FA from phototranslstor provides a Vo swing of 10 V at 1 rnA. 

TL068 

FIGURE 6. PHOTOTRANSISTOR PREAMPLIFIER 

10 kO 

VCC 
+24V------------------~-------------, 

TL012 

11>2 
10 kO I 

Vs 
o to 10 V --'11\--1 

10 kll 70011 

2N5447 
52 kO 

10 - 4 rnA at Vs - 0 V 
10 - 22 rnA at Vs - 10 V 

FIGURE 7. TWO-WIRE LINEAR CURRENT-MODE TRANSMITTER 
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TL026C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

• Low Output Common-Mode Sensitivity to 
AGC Voltages 

• Input and Output Impedances Independent 
of AGC Voltage 

• Peak Gain ... 38 d8 Typ 

• Wide AGC Range ... 50 dB Typ 

• 3-dB Bandwidth ... 50 MHz 

• Other Characteristics Similar to NE592 and 
uA733 

description 

This device is a monolithic two-stage video 
amplifier with differential inputs and outputs. 

symbol 

02790. JUNE 1985-REVISEO OCTOBER 1988 

D OR P PACKAGE 

ITOPVIEWI 

IN+[]8 IN-
AGC 2 7 REF OUT 

VCC- 3 6 VCC+ 
OUT+ 4 5 OUT-

m 
REF OUT 

OUT+ 

OUT-

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 frequency 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 phase shift, and excellent gain stability are required. 

The TL026C is characterized for operation from ODC to 70 DC. 

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

Supply voltage, VCC + (see Note 1) ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8 V 
.3upply voltage, Vec - (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 8 V 
Differential input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 5 V 
Common-mode input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 6 V 
Output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 mA 
Continuous total power dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . .. See Dissipation Rating Table 
Operating free-air temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 DC 

NOTE 1: All voltages are with respect to the midpoint between Vee + and Vee _ except differential input and output voltages. 

DISSIPATION RATING TABLE 

PACKAGE TA S 25°C ABOVE TA - 25°C TA - 70°C 

D 

P 

POWER RATING DERATING FACTOR POWER RATING 

725 mW 

1000 mW 

5.8 mw/oe 

8.0 mw/oe 

464mW 

640mW 

II 

PRODUCTION DATA doc.monts cantain information 
current as of publication data. Products conform \0 
specifications par the terms of Taxas Instruments TEXAS ~ 

INSTRUMENlS 

Copyright @1985, Texas Instruments Incorporated 
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n026C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, Vcc + 3 6 8 V 

Supply voltage, VCC- -3 -6 -8 V 

Operating free-air temperature, T A 0 70 ·C 

electrical characteristics at 25°C operating free-air temper ature, VCC± '" ±6V, VAGC - 0, REF OUT 
pin open (unless otherwise specified) 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS MIN TYP MAX UNIT 

Ava 
Large-signal dillerential 

1 VO(PP) = 3 V, RL = 2 kll 65 85 105 V/V 
voltage amplilication 

tJ.AVO Change in voltage amplification 1 
VIPP = 28.5 mY, RL = 2 kll, 

VAGC - Vrel = ±180 mV 
-50 dB 

Vrel Voltage at REF OUT Irel - -1 mAto 100p.A 1.3 1.5 V 

BW Bandwidth (- 3 dB) 2 VO(PP) = 1 V, VAGC-Vrel = ±180 mV 50 MHz 

110 Input ollset current 0.4 5 p.A 

liB Input bias current 10 30 p.A 

VICR 
Common-mode input 

voltage range 
3 ±1 V 

VOC Common-mode output voltage 1 RL - 00 3.25 3.75 4.25 V 

tJ.VOC 
Change in common-mode 

output voltage 
1 VAGC = 0 to 2 V, RL = 00 300 mV 

VOO Output offset voltage 1 Via = 0, RL = 00 0.75 V 

VO(PP) 
Maximum peak-to-peak 

1 RL = 2 kll 3 4 V 
output voltage swing 

Input resistance at AGC, 
10 30 kll ri 

IN+, or IN-

ro Output resistance 20 Il 

Common-mode rejection ratio 
3 VIC - ± 1 V, I = 100 kHz 60 86 

CMRR dB 
3 VIC = ± 1 V, I = 5 mHz 60 

kSVR 
Supply voltage rejection 

ratio (tJ.VCC/tJ.VIO) 
4 

tJ.VCC+ = ±0.5 V, 

tJ.VCC- = ±0.5 V 
50 70 dB 

Vn 
Broadband equivalent 

noise voltage 
4 BW = 1 kHz to 10 MHz 12 p.V 

trut Propagation delay time 2 tJ.VO = 1 V 6 10 ns 

tr Rise time 2 tJ.VO = 1 V 4.5 12 ns 

Isinklmax) Maximum output sink current Via = 1 V, Vo = 3 V 3 4 mA 

ICC Supply current No load, No signal 22 27 mA 
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TL026C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

electrical characteristics over recommended operating free-air temperature range, Vcc ± = ± 6 V, 
VAGC = 0, REF OUT pin open (unless otherwise specified) 

AVO 

',0 
liB 

V,CR 

VOO 

VO(PPI 

r; 
CMRR 

kSVR 

'sink(rnaxl 

ICC 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS 

Large-signal differential 
1 VO(PPI = 3 V, RL = 2 kll 

voltage amplification 

Input offset current 

Input bias current 

Common-mode input 

voltage range 
3 

Output offset voltage 1 VIQ = 0, RL = co 

Maximum peak-ta-peak 
1 RL = 2 k[J 

output voltage swing 
Input resistance at AGC, IN +, or IN 
Common-mode rejection ratio 3 VIC - ±1 V,l - 100kHz 

Supply voltage rejection IlVCC+ = ±0.5 V, 
4 

ratio (IlVCC/IlV,OI IlVCC- = ±0.5 V 

Maximum output sink current VIQ = 1 V, Vo = 3 V 

Supply current 1 No load, No signal 

PARAMETER MEASUREMENT INFORMATION 
REF OUT 

MIN TYP 

55 

±1 

2.8 

8 

50 

50 

2.8 4 

AGC---,..-----, r----,r---

Vref 

IN+ i 0.2 J.lF 

IN-
~~~-e~--OUT-

50 !l 50 !l VO++VO_ 50 n 50 n 
0.2 ~F 

1 kn 
VOC= 

2 -= -= "::" 

FIGURE 1 FIGURE 2 

0.2J.1F 

t:i 1 vlo 

t-------.... - VO+ 

I 1 kn 1 k!l 

FIGURE 3 FIGURE 4 

MAX UNIT 

115 V/V 

6 ~A 

40 ~A 

V 

1.5 V 

V 

kll 

dB 

dB 

rnA 

30 rnA 

vO+ 

vO_ 

1 kn 

"::" 

tRL = 2 kn 

II 
U) 

C 
0 

' .. 
CJ 
C 
j 
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'u 
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TL026C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 
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TYPICAL CHARACTERISTICS 

DIFFERENTIAL VOLTAGE AMPLIFICA nON 
vs 

DIFFERENTIAL GAIN-CONTROL VOLTAGE 
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FIGURE 5 
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TL026C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

TYPICAL APPLICATION INFORMATION 

gain characteristics 

Figure 5 shows the differential voltage amplification versus the differential gain-control voltage 
(VAGC - Vref). VAGC is the absolute voltage applied to the AGC input and Vref is the dc voltage at the 
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, VAGC 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 V AGC is defined by the following equation. 

Vref + 180 mV - (Vref - 180 mV) 

360 mV 

(1 ) 

However, because VAGC varies as the ac AGC signal varies and also differentially around Vref, then VAGC 
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 TLC026C 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 AGe input produces the following equation: 

1. AC output 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 = -E Vc 
R1 

(2) 

(3) 

(4) 

tI) 
C o 
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TL026C 
DIFFERENTIAL VIDEO AMPliFIER WITH AGC 

TYPICAL APPLICATION INFORMATION 

4. A2 output (R3 = R4) 

R2 R6 
VAGC =- Vc + 2 ---'-- Vref (5) 

R1 R5 + R6 

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, defined as the quiescent value of VAGC. 

R6 
VAGC(q) = 2 Vref 

R5 + R6 
(7) 

For the initial resistor calculations, Vref is assumed to be typically 1.4 V making quiescent VAGC 
approximately 1.22 V (VAGC(q) = Vref - laO mV). 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-kO 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 Vo must have sufficient amplitude to 
exceed the rectifying diode drop. A schottky diode can be used to reduce the Vo level required. 

gain calculations for a peak output voltage of 1 V 

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=1V-O.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: 

Vl = I>.VAGC R2 0.36 
1.2 

Vc Vc R1 0.3 

If R1 is 10 kO, R2 is 1.2 times R1 or 12 kO. 
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TL026C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

TYPICAL APPLICATION INFORMATION 

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. 

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 techinques must be used. A groundplane board should 
be used and power supplies should be bypassed with 0.1 -p.F 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. 

TL026e 

r----ilr------------------------------------Vout 

50 II P-__ ~I------------------------~~1·V8~k~II--1r---ToSeOPE 
MONITOR 

30 kll 12 kll 

10 kO 

% TL082 
20 kll 

NOTE: vec + ~ 6 V and Vec _ ~ - 6 V for TL026C and amplifiers A 1 and A2. 

1N914 
01 

0.1 pF 

FIGURE 6. TYPICAL APPLICATION CIRCUIT WITH NO ATTENUATION 
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TL026C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

TYPICAL APPLICATION INFORMATION 

1N914 

VOUT ---4 ..... -4 

VOUT + -----4-~ 

TO 
SCOPE--~ 

MONITOR 

2000 

Rl 

10 kll 

5100 

R2 R3 

12 kO 10 kO 

% TL082 

NOTE: Vee + = 6 V and Vee _ = - 6 V for TL026e and amplifiers A 1 and A2. 

R5 

30 kll 

R4 

.10 kll 

% TL082 

R6 
20 kll 

50 II 

II FIGURE 7. TYPICAL APPLICATION CIRCUIT WITH ATTENUATION 
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• Low Output Common-Mode Sensitivity to 
AGC Voltages 

• Input and Output Impedances Independent 
of AGC Voltage 

• Wide AGC Range ... 50 dB Typ 

• 3-dB Bandwidth ... 50 MHz 

• Other Characteristics Similar to NE592 and 
uA733 

DEVICE FEATURES 

description 

This device is a monolithic two-stage video 
amplifier with differential inputs and outputs. 

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-

n027M. n027C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

02888, JUNE 1985-REVISEO JANUARY 1989 

D, J, OR N PACKAGE 

(TOPV'EWI 

IN+ 
AGC 

GAIN ADJ lA 
GAIN ADJ 2A 

VCC-
NC 

IN-
REF OUT 

GAIN ADJ 1B 
GAIN ADJ 2B 

Vcc+ 
NC 

NC - No internal connection 

symbol 

AGe 
(2) 

GAIN {1A 
(3) 

ADJUST 1B (12) 

IN+ 

IN-

GAIN {2A 

ADJUST 2B ...!.:.':":""_..J 

,----,-11;.::3.:,.) REF OUT 

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 pins. No external frequency 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 for which 
a large AGC range, wide bandwidth, low phase shift, and excellent gain stability are required. 

The TL027M is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The TL027C is characterized for operation from OOC to 70°C. 

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

Supply voltage, VCC + (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 mA 
Continuous total power dissipation .......................................... 500 mW 
Operating free-air temperature: TL027M .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

TL027C ................................... 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: D or N package ........ 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C 

NOTE 1: All voltage values are with respect to the midpoint between Vee + and Vee _ except differential input and output voltages. 

Copyright @ 1985, Texas Instruments Incorporated 
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n027M, n027C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

recommended operating conditions 

Mill! NOM MAX UNIT 

Supply voltage, Vcc + 3 6 8 V 

Supply voltage, VCC- -3 -6 -8 V 

Operating free-air temperature, T A I TL027M -55 125 

I TL027C 0 
·C 

70 

electrical characteristics at 25°C operating free-air temperature. VCC± - ±6 V. VAGC - O. 
REF OUT pin open (unless otherwise noted) 

PARAMETER 
TEST 

TEST CONOITIONS 
GAIN 

OPTIONt FIGURE 
MIN TYP MAX UNIT 

Large-signal differential 1 200 300 400 
AVO 1 VO(PP) = 3 V, RL = 2 kll 

2 65 85 
V/V 

voltage amplification 105 

Il.AVOl 
Change in voltage 

amplification 
1 

Vi(PP) = 7.5 mV, RL = 2 kll, 

VAGC-Vref= ±180mV 
1 -50 dB 

Il.AV02 
Change in voltage 

amplification 
1 

Vi(PPI = 28.5 mV, RL = 2 kO, 

VAGC - Vref = ±180mV 
2 -50 d8 

Vref Voltage at REF OUT Iref - 1 mA to 100 pA 1 1.3 1.5 V 

BW Bandwidth (- 3 dBI 2 
VO(PPI = 1 V, 

VAGC - Vref = ±IBO mV 

1 20 
MHz 

2 50 

110 Input offset current lor 2 0.4 5 pA 

liB Input bias current lor 2 10 30 pA 

VICR 
Common-mode input 

voltage range 
3 2 ±1 V 

VOC Common-mode output voltage 1 RL = 00 lor 2 3.25 3.75 4.25 V 

Il.VOC 
Change in common-mode 

output voltage 
1 

VAGC = 0 to 2 V, 

RL = 00 
lor 2 300 mV 

VOO Output offset voltage 1 VIO = 0, RL = 00 lor 2 0.75 V 

VO(PP) 
Maximum peak-to-peak 

1 RL = 2 kO lor 2 3 4 V 
output voltage swing 

1 4 
ri Input resistance kO 

2 10 30 

ro Output resistance 20 0 

Ci Input capacitance 2 pF 

Common-mode 3 VIC= ±1 V, f < 100 kHz 2 60 86 
CMRR dB 

rejection ratio 3 VIC = ± 1 V, f = 5 MHz 2 60 

kSVR 
Supply-voltage rejection 

4 
Il.VCC+ = ±0.5 V, 

2 50 70 dB 
ratio (AVCC/AVIO) AVCC- ;" ±0.5 V 

Vn 
Broadband equivalent 

input noise voltage 
4 BW = 1 kHz to 10 MHz lor 2 12 pV 

1 7.5 
tpd Propagation delay time 2 Il.VO = ±IV 

2 6 10 
ns 

1 10.5 
tr Rise time 2 Il.VO = ±IV 

12 
ns 

2 4.5 

Isinklmaxl Maximum output sink current VIO = 1 V, Vo = 3 V lor 2 3 4 mA 

ICC Supply current No load, No signal lor 2 22 27 mA 

t The gain option is selected as follows: 
Gain Option 1 ... Gain Adjust pin 1 A is connected to pin 1 B, pins 2A and 2B are open. 
Gain Option 2 ... Gain Adjust pin 2A is connected to pin 2B, pins 1 A and 1 B are open. 
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n027M, n027C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

electrical characteristics over recommended operating free-air temperature range, Vcc± 
VAGC = 0 V, REF OUT pin open (unless otherwise noted) 

±6 V, 

TEST GAIN 
PARAMETER TEST CONDITIONS 

OPTIONt FIGURE 
MIN TYP MAX UNIT 

Large-signal differential 1 150 450 
AVO 1 VO(PP) = 3 V, RL = 2 kll V/V 

voltage amplification 2 55 115 

110 Input offset current lor 2 6 ~A 

liB Input bias current lor 2 40 ~A 

VICR 
Common-mode input 

voltage range 
3 2 ±1 V 

VOO Output offset voltage 1 VIO = 0, RL = 00 1 or 2 1.5 V 

VO(PP) 
Maximum peak-to-peak 

1 RL = 2 kll 1 or 2 2.8 V 
output voltage swing 

ri Input resistance 2 8 kll 

CMRR Common-mode rejection ratio 3 VIC = ±1 V,f < 100kHz 2 50 dB 

kSVR 
Supply voltage rejection 

4 
ratio (iloVCC/iloVIO) 

iloVCC+ = ±0.5 V, 
2 

iloVCC- = ±0.5 V 
50 dB 

Isinklrnax) Maximum output sink current VID = 1 V, Vo = 3 V 1 or 2 2.8 4 rnA 

ICC Supply current 1 No load, No signal 1 or 2 30 rnA 

t The gain option is selected as follows: 
Gain Option 1 ... Gain Adjust pin 1 A is connected to pin 1 B, pins 2A and 2B are open. 
Gain Option 2 ... Gain Adjust pin 2A is connected to pin 2B, pins 1 A and 1 B are open. 

PARAMETER MEASUREMENT INFORMATION 

AGC 

VAGC 

i 0.2 ~F 

VO+ VO+ 

Rl 

VO_ VO_ 

50 n 50 n VO++VO_ 50 n 50 n 
0.2 ~F 

lkn 1 kn 
VOC= 

2 
-= -= -= -= -= -::-

FIGURE 1 FIGURE 2 

b:i Vo+ 

1 vID f RL = 2 kn 

VO_ 

VIC 

l 
lkn 1 kn 

.". .". 

FIGURE 3 FIGURE 4 
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TL027M, TL027C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

TYPICAL CHARACTERISTICS 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

DIFFERENTIAL GAIN-CONTROL VOLTAGE 
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TL027M, TL027C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

TYPICAL APPLICATION INFORMATION 

gain characteristics 

Figure 5 and 6 show the differential voltage amplification versus the differential gain-control voltage 
(VAGC - Vref). VAGC is the absolute voltage applied to the AGC input and Vref is the dc voltage at the 
REF OUT output. As VAGC increases with respect to Vref, the TL027C gain changes from maximum to 
minimum. As shown in Figure 5 for example, VAGC 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 V AGC is defined by the following equation. 

aVAGC = Vref + 180 mV - (Vref - 180 mV) 

aVAGC = 360 mV 

(1) 

However, because VAGC varies as the ac AGC signal varies and also differentially around Vref, then VAGC 
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 7 and 8 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 Vc producing output voltage 
V1. Amplifier A2 is a differential amplifier that inverts V1 again and adds the scaled Vref voltage. This 
conditioning makes VAGC the sum of the signal plus the scaled Vref. As the signal voltage increases, 
VAGC increases and the gain of the TLC027C is reduced. This maintains a constant output level. 

feedback circuit equations 

Following the AGC input signal (Figures 7 and 8) from the OUT - output through the feedback amplifiers 
to the AGC input produces the following equations. 

1. AC output 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 
V c = voltage across capacitor C 1 

3. A1 output 

V1 = 
R2 

Vc 
R1 

(2) 

(3) 

(4) 
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n027M, n027C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

TYPICAL APPLICATION INFORMATION 

4. A2 output (R3 = R4) 

VAGC = R2 Vc + 2 _R;.;;.1"'---Vref (5) 

R1 R5 + R6 

Amplifier A2 inverts V1 producing a positive AGC signal voltage. Therefore. the input voltage to the TL027C 
AGC pin consists of an AGC signal equal to: 

R2 Vc 
R1 

and a dc voltage derived from Vref. defined as the quiescent value of VAGC. 

R6 
VAGC(q) = 2 R5 + R6 Vref 

(6) 

(7) 

For the initial resistor calculations. Vref is assumed to be typically 1.4 V making quiescent VAGC 
approximately 1.22 V (VAGC(q) = Vref - 180 mY). This voltage allows the TL027C 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 assantially 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 7 and 8) 

The output voltage lave I desired must fall within the following limits: 

1. Because the data sheet minimum output swing is 3 V peak-to-peak using a 2-kO 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 Vo must have sufficient amplitude to 
exceed the rectifying diode drop. A schottky diode can be used to reduce the Vo level required. 

gain calculations for a peak output voltage of 1 V 

4-104 

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 - 0.7 V 

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 TL027C gain change. 

With a total change in VAGC of 360 mV and using equation 4. the calculation is as follows: 

V1 .o1VAGC R2 0.36 
= --- = - = -- = 1.2 

Vc R1 0.3 

If R1 is 10 kO. R2 is 1.2 times R1 or 12 kO. 
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n027M, n027C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

TYPICAL APPLICATION INFORMATION 

Since the output voltage for this circuit must be between 0.85 V and 1.3 V, the component values in 
Figures 7 and 8 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. 

The circuit values in Figures 7 and 8 will produce the best results in this general application. Because of 
rectification and device input constraints, the circuit in Figure 7 will not provide attenuation and has about 
32 dB of control range. The circuit shown in Figure 8 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 TL027C can be used for approximately 40 mV of controlled signal. 

considerations for the use of the TL027C 

To obtain the most reliable results, RF breadboarding techinques must be used. A groundplane board should 
be used and power supplies should be bypassed with O. 1-p,F 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 TL027C and, while 
the circuit is in the AGC mode, the output signal may become distorted. 

To observe the output signal of TL027C or TL592, low-capacitance FET probes or the output voltage divider 
technique shown in Figure 7 should be used. 

1N914 R1 R2 

10 kll 12 kll 

% TL082 

0.1/1F 

VOUT-

0.1/1F 

OUT-

R3 

10 kll 

REF 

OUT 

R5 

30 kll 

TL027 

VOUT+ -----;-----------;r-------------------~ 

TO 

SCOPE 
MONITOR 

1.8 kll 

20011 

AGC 

NOTES: A. Vcc+ = 6 V and VCC- = -6 V for TL027C and amplifiers AI and A2. 

R4 

10 kll 

% TL082 

20 kll 

B. On the TL027, short pin 3 to pin 12 and pin 4 to pin 11. Connect pins 6 and 9 to ground. 

FIGURE 7. TYPICAL APPLICATION CIRCUIT WITH NO ATTENUATION 
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n027M, n027C 
DIFFERENTIAL VIDEO AMPLIFIER WITH AGC 

TYPICAL APPLICATION INFORMATION 

lN914 Rl R2 R3 R4 

10 kll 10 kll 

14 TL082 

R5 

30 kll 
R6 
20 kO 

5100 

VOUT - ----t~r--_I I------.It---VI 

VOUT+ ---i---I 

TO 
seOPE--..... 

MONITOR 
2000 

= 

NOTES: A. Vee + = 6 V and VCC _ = - 6 V for TL027C and amplifiers A 1 and A2. 

B. On TL027, short pin 3 to pin 12 and pin 4 to pin 11. Connect pins 6 and 9 to ground. 

FIGURE 8. TYPICAL APPLICATION CIRCUIT WITH ATTENUATION 
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• Designed for Use with the TL041 Magnetic 
Field Pulse Detector 

• Wide Bandwidth ..• 20 MHz Typ 

• Low Noise ..• Less than 8 p. V Typ 

• Independently Adjustable Channel 
Gains ... Up to 450 Typ 

• No Frequency Compensation Required 

• Internal Voltage Source Eliminates External 
Components 

• Input Channel Select Pin is Compatible with 
TTL and CMOS 

• Low Power Dissipation •.. 150 mW Typ 

description 

The TL040 is a two-channel multiplexed video 
amplifier designed for use with magnetic pulse 
detectors in streaming tape drives. The circuit 
design eliminates many external components, 
and the D package allows substantial reduction 
in circuit board area. The gain of each channel 
is a function of the resistance across its gain­
adjust pins (A-B) with maximum gain occurring 
when the terminals are shorted. 

The Vee(R) pin provides supply voltage 
decoupling required by some designs. The BIAS 
OUT pin provides a voltage source for other 
circuits that is approximately equal to 1/2 Vee. 

functional block diagram 

GAIN ADJUST 

TL040C 
2·CHANNEL MULTIPLEXED VIDEO AMPLIFIER 

03002, MARCH 1986-REVISEO DECEMBER 1988 

D OR N PACKAGE 

(TOP VIEW) 

11N+ 21N+ 
11N- 21N-

GAIN ADJUST 1 A GAIN ADJUST 2B 
GAIN ADJUST 1 B GAIN ADJUST 2A 

BIAS OUTPUT VCC(R) 

SELECT VCC 
GND GND 

OUT+ OUT-

CHANNEL SELECT TABLE 

VCC 
(11) 75!l (12) 
"--~Nv~::'VCC(R) 

1 kO (5) BIAS OUT 

(7, 10) GND 

Copyright @ 1986, Texas Instruments Incorporated 
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TL040C 
2·CHANNEL MULTIPLEXED VIDEO AMPLIFIER 

absolute maximum ratings over operating free-air temperature range (unless otherwise l:Ioted) 

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 V 
Input voltage range .......................................... -0.2 V to VCC + 0.2 V 
Continuous total power dissipation .......................................... 600 mW 
Operating free-air temperature range ...................................... ooC to 70 0 C 
Storage temperature range ......................................... - 65°C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

NOTE 1: All voltages except differential voltages are with respect to the ground terminals. 

recommended operating conditions 

MIN TYP MAX UNIT 

Supply voltage, VCC 10.8 12 13.2 V 

Common·mode input voltage (diff inputs). VIC 5 6 7 V 

High·level input voltage, SELECT input, VIH 2 V 

Low·level input voltage, SELECT input. VIL 0.8 V 

Output sink current (diff outputs), Isink 1.5 mA 

Operating free-air temperature, T A 0 70 °c 

electrical characteristics ofselected channel at T A = 25 oe, Vee = 12 V, RAB .. 0, RL - 2 kO (unless 
otherwise noted) 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS MIN TYP MAX UNIT 

AVO 
Large-signal differential voltage 

amplification 
1 300 530 600 V/V 

Channel amplification mismatch 1 1% 

Large'signal differential 

voltage attenuation 
1 !J. VI = 50 mV on unselected input 60 dB 

VOC Common-mode output voltage 1 RL = <» 8.5 V 

VOPP 
Maximum peak-to-peak 

output voltage swing 
1 4 V 

BW Bandwidth (- 3 dB) 2 20 MHz 

110 Input offset current 1 0.1 3 p.A 

liB Input bias current 1 6 17 pA 

VOO Differential output voltage 1 RL = <», VIO = 0 0.2 V 

ri Input resistance (differential inputs) 4 kll 

CMRR Common-mode rejection ratio 3 VIC = 5 V to 7 V 60 100 dB 

kSVR 
Supply-voltage rejection 

ratio (!J.VCC/!J.VIO) 
4 VCC = 10.8 V to 13.2 V 50 70 d8 

Vn 
Broadband equivalent 

input noise voltage 
4 <5 pV 

IIH 
High-level input current, 

Select input 
VIH = 2.7 V -0.4 mA 

IlL 
low-level input current. 
Select input 

VIL = 0.4 V 20 p.A 

tpd 
Propagation delay time 

(differential inputs) 
2 !J.VO = 1 V 15 ns 

tr Output rise time 2 !J.VO = 1 V 20 ns 

ICC Supply current 1 12 16 mA 

Bias output voltage 1 5 6 7 V 
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TL040C 
2·CHANNEL MULTIPLEXED VIDEO AMPLIFIER 

PARAMETER MEASUREMENT INFORMATION 
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TL040C 
2·CHANNEL MULTIPLEXED VIDEO AMPLIFIER 

PARAMETER MEASUREMENT INFORMATION (continued) 

50 11(1) lA 
,.....f\N."..:..:..:.tlIN + 

50 II (2) l1N-

5011(16) 21N+ 

...... f\N.,;.ll;.:5;!j) 21N-
5011 2A 2B 

VCC/2 

(13) (14) 

(2) l1N-

(16) 21N+ 

(15) 21N-
2A 2B 

(13) (14) 

FIGURE 3 

FIGURE 4 

tSelect input must be at proper logic level to select desired input channel. 

OUT+ 
IB) 

VO+ 

1 kll 

.... 
1 kO 

OUT-
(9) 

VO_ 

GND 

17.10) 

.... 

OUT+",18:;:) __ ....,.....-

RL OUTPUT 

OUT _1.l(::,9)41-.1._ 

GND 
(7.10) 
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TL040C 
2·CHANNEL MULTIPLEXED VIDEO AMPLIFIER 

TYPICAL CHARACTERISTICS 

1000 

700 

10 
1 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
GAIN-ADJUST RESISTANCE 

Vee - 12 V 
RL - 2 kll 
f 100 kHz 

........... TA - 25°e 
See Figure 1 

'" 
4 10 40 100 400 lk 

R-Gain-Adjust Resistance-Il 

FIGURE 5 

+12 V EGS 
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* * * TL041 
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RDP +5 V W/R 
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FIGURE 6. READ SIGNAL CIRCUIT FOR A STREAMING TAPE DRIVE 
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• Designed for Signal Processing In 
Streaming-Tape Memory Units in 
Combination with TL040 Two-Channel 
Video Amplifier 

• Space-Saving LSI Circuits Include: 
Two High-Speed Differential Comparators 
Time-Domain Filter 
Bidirectional One-Shot Multivibrator 
Gain-Controlled Video Amplifier with 

Differential Inputs and Outputs 

• Amplifier and Comparator 
Bandwidth ... 20 MHz Typical 

• Maximum Data Rate at Read Data Pulse 
(RDP) ... 1.4 Mb/s Typical 

• Available in 300-mil Dual-In-Line and "Small 
Outline" Plastic Packages 

description 

TL041C 
T APE READ SIGNAL CONDITIONER 

03024, AUGUST 1987 

OW OR NT ... PACKAGE 
(TOP VIEW) 

GCA IN+ GCA IN-
BIAS GADJ 

AGND GADJ 

VCC1 EGV 
BDOS RC EGS 

RDP GCA OUT+ 
TDF RC GCA OUT-

TP WC IN+ 

VCC2 WC IN-
DGND WC OUT 

wifi. RC IN+ 
RC OUT RC IN-

The TL041 is a magnetic tape read signal conditioner designed for use with the TL040 video amplifier. 
When combined, these devices amplify the low-signal output from a streaming-tape playback head and 
reconstruct the data as originally written on the tape. The TL041 C includes a gain-controlled amplifier, 
two comparators, read/write select logic, a time-domain filter, and a bidirectional one-shot multivibrator. 

The amplifier has differential inputs, differential outputs, and electronic gain control. A special feature of 
the electronic gain control is the Electronic Gain Select (EGS). When the EGS input is high, the Electronic 
Gain Voltage (EGV) input is driven low and amplifier gain is determined by the value of the resistor connected 
between the Gain Adjust (GAOJ) pins. When the EGS input is low, the gain set by the resistor is increased 
by an amount determined by the voltage applied to the EGV pin. 

To accommodate different magnetic tape output signal levels, the amplifier gain may be switched by logic 
at the EGS input, controlled manually with an adjustable voltage at the EGV input, or automatically adjusted 
with an automatic gain control (AGC) circuit applying a control voltage to the EGV input. 

The comparator functions are controlled by a logic input to the Write/Read (W/R) select input. With the W/R 
input low, the read comparator output (usually connected as a zero-crossing detector) is sent to the time­
domain filter. When W/R is high, the write comparator output is used to provide write amplitude verification 
in a typical read-after-write function. 

The time-domain filter helps to ensure the input data is valid. A capacitor in series with a resistor, connected 
to the time-domain filter pin (TOF RC), begins charging at the leading edge of an input pulse from the read 
comparator. If the input pulse does not remain high for one RC time constant, the pulse is considered invalid 
and no signal is passed to the bidirectional one-shot multivibrator (BOOS). However, if the input pulse 
remains high for longer than one RC time constant, the pulse is considered valid and the signal is passed 
through the time-domain filter to trigger the BOOS. When triggered, the BOOS provides a pulse to the 
Read Data Pulse (ROP) output. The ROP output pulse duration is determined by a resistor-capacitor network 
connected to the BOOS RC pin. 

The TL041C is characterized for operation from OOC to 70°C. 

Copyright © 1987, Texas Instruments Incorporated 
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TL041C 
TAPE READ SIGNAL CONDITIONER 

functional block diagram 

YCC1~ 

BIAS~ i 

EGy..:;12:..;1.:..1 __ .. 

GCA 111 
IN+ 

GCA (241 
IN-

GADJ .;.(2_3.;..1_---, 
(221 

GADJ GAIN-CONTROLLED 
AMPUFIER 

1 
AGND 

EGS 

H 

L 

GCA WC WC 
OUT+ IN- IN+ 

(191 (161 (171 

WRITE 

WC 
OUT W/fi 

(151 (111 

COMPARATOR ,-----L_.1 

READ 
COMPARATOR .... ---------Hr\ 

(181 (141 (131 
GCA RC RC 
OUT- IN+ IN-

(121 
RC 
OUT 

1 
DGND 

FUNCTION TABLE 

INPUT CONDITONS 

W/R 
DIFFERENTIAL INPUTS I/O NAME 

WRITE OR READ COMPARATOR 

X RC IN+ > RC IN- RC OUT 

X RC IN- > RC IN+ RC OUT 

L X RC OUT 

X WC IN+ > WC IN- WCOUT 

X WC IN- > WC IN+ WC OUT 

H X WCOUT 

X EGV 

X EGV 

4-114 
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TDF 
RC 

(71 

(51 

BDOS 
RC 

1.JL 

TP 
(81 

(61 
RDP 

1/0 CONDITION 

H 

L 

Input to timeMdomain filter 

H 

L 

Input to time-domain filter 

L 

Input 



PIN 
NAME 
AGND 

BOOS RC 

BIAS 

DGND 

EGS 

EGV 

GCA IN-

GCA IN+ 

GADJ 

GADJ 
GCA OUT-

GCA OUT+ 

RC IN-

RC IN+ 

RCOUT 

RDP 

TDF RC 

TP 

VCCI 

VCC2 
WCIN-

WCIN+ 

WCOUT 

WiR 

NO. 

3 

5 
2 

10 

20 

21 

24 

1 

22 

23 
18 

19 

13 

14 

12 

6 

7 

8 
4 

9 

16 

17 

15 

11 

DESCRIPTION 

Analog ground 

TL041C 
TAPE READ SIGNAL CONDITIONER 

Bidirectional one-shot resistor and capacitor 

Output bias voltage 

Digital ground 

Electronic gain select 

Electronic gain voltage 

Gein-controlled amplifier, inverting input 

Gain-controlled amplifier, noninverting input 

Gain adjust 

Gain adjust 
Gain-controlled amplifier, Inverting output 

Gain-controlled amplifier, noninverting output 

Read comparator, inverting input 

Read comparator, noninverting input 

Read comparator out 

Read data pulse 

Time-domain filter resistor and capacitor 

Test point 

Analog collector supply voltage 

Digital collector supply voltage 

Write comparator. inverting input 
Write comparator, noninverting input 

Write comparator out 

Write/read 

U) 

C o 
~ 
c 
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TL041C 
TAPE READ SIGNAL CONDITIONER 

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

Supply voltage: VCC1 (see Note 1) ............................................ 14 V 
VCC2 .....................................•................. 7 V 

Input voltage range: Amplifier and comparators ................ AGND-0.2 V to VCC1 +0.2 V 
Multivibrators and logic .................. AGND-0.2 V to VCC2+0.2 V 

Input current: EGV (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 2 mA 
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 1,6 mm (1/16 inch) from the case for 10 seconds ................... 260°C 

NOTES: 1. All voltages except differential voltages are with respect to network ground terminals (AGND and OGND tied together). 
2. Driving EGV high from a low-impedance source (> ± 2 rnA capability) with EGS high can result in damage to the device. 

DISSIPATION RATING TABLE 

PACKAGE 

OW 

NT 

TA :s 25°C 
POWER RATING 

1350mW 

1700 mW 

recommended operating conditions 

Supply voltage, VCCI 

Supply voltage, VCC2 

High-level input voltage, VIH 

Low-level input voltage, VIL 

Input voltage, VI 

Common·mode input voltage to gain-control amplifier, VIC 

High-level output current, IOH 

Low-level output current, IOL 

Pulse duration, tw 

External timing resistance, (see Note 3) 

External timing capacitance 

Operating free-air temperature, T A 

DERATING FACTOR 

ABOVE TA - 25°C 
10.8 mW/DC 
13.6 mW/DC 

EGS or W/R 

EGS or W/R 

EGS 

EGV 

WC OUT, RC OUT, 

TP, or RDP 

WC OUT, RC OUT, 

TP, or RDP 

TP or ROP 

TOF or BOOS RC 

TOF or BOOS RC) 

TA - 70°C 
POWER RATING 

864 mW/DC 

1088 mW/DC 

MIN NOM 

10.8 12 

4.5 5 

2 

0 

0 
4 

40 

5 

0.01 0.1 

0 

MAX UNIT 

13.2 V 

5.5 V 

V 

0.8 V 

10 

O.8VCCI 
V 

V 

-400 ,.A 

8 mA 

ns 

25 kll 

1000 nF 

70 DC 

... NOTE 3: Some high resistance and capacitance combinations may produce abnormal output waveforms. 
0' 
::J en 
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TL041C 
TAPE READ SIGNAL CONDITIONER 

electrical characteristics at VCC1 - 12 V. VCC2 = 5 V. VICIGIC) '" Vbias. RADJ .. 5 kO.EGS at 
high level. EGV at 0 V. ri = 50 O. RL = 2 kO. TA = 25°C lunless otherwise noted) 

gain-controlled amplifier 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS MIN TYP MAX UNIT 

VOO Output offset voltage , VID = 0, VOO = Va 0.3S 0.75 V 

VOPP 
Maximum differential 

output voltage 
, VIO = , V, VOPP = Va 3 4 V 

VIO = 20 mV, EGS high 8 14 20 V/V 

AVO 
Large-signal differential 

1 
Vid = 20 mV, IEGVat4V 19 

voltage amplification EGS low, V/V 

f = ,455 kHz I EGV at 9.6 V 90 

CMRR Common-mode rejection ratio 2 VIC = 2 V to S V 60 80 dB 

VIC Common-mode input voltage 2 2 5 V 

VOC Common-mode output voltage 1 VIO = 0 4 5 6 V 

110 Input offset current , 
IIB+ - IIB- 0.2 3 p.A 

10 Output current, sink 1.S 2 mA 

liB I nput bias current 1 OIB+ + IIB-1I2 5 17 p.A 

Val BIASI Bias output voltage 1 3 4 5 V 

zoIBIAS) Bias output impedance 1 kll 

zi Input impedance 30 kll 

BW Bandwidth 1-3 dB) 3 20 MHz 

kSVR Supply voltage rejection ratio 4 VCCl = 10.8 V to 13.2 V SO 70 dB 

ICCl Supply current from VCCl VCCl = 13.2 V, No signal 32 45 mA 

logic section 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS MIN TYP MAX UNIT 

VOH High-level output voltage 
VCC2 = 4.S V, VIO-0.1V, 

2.7 3.5 V 
10H = -400 p.A 

VOL Low-level output voltage 
VCC2 = 4.S V, VIO = 0.1 V, 

260 500 mV 
10L = 8 mA 

VICR 
Common-mode input voltage, 

2 7 V 
comparators 

EGS VliEGS) = 2.7 V 120 200 
IIH High-level input current p.A 

W/R VI/Willi = 2.7 V 20 

EGS VI(EGS) = 0.4 V -20 
IlL Low-level input current p.A 

W/R VI(W/R) = 0.4 V -400 

ICC2 Supply current from VCC2 VCC2 = 5.5 V, No signal 22 31 mA 

Response time 100-mV step, 5-mV overdrive SO ns 

Pulse duration of one-shots Rext = 5 kll, Cext = 100 pF 360 
tw ns 

ITP, ROP) Rext = 20 kll, Cext = 33 pF 460 
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TAPE READ SIGNAL. CONDITIONER 
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PARAMETER MEASUREMENT INFORMATION 

500 
0.21'F 

Voo - VOO with VIO - 0 
VOPP - VOO with VIO - 1 V 

VOO 
AVO - VIO with VIO - 20 mV 

VOC+ + VOC-
VOC - 2 with VIO - 0 

FIGURE 1 

500 

FIGURE 2 

....---+BIAS IPIN 2) 

1 kO 1 kO 

FIGURE 3 FIGURE 4 
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TL041C 
TAPE READ SIGNAL CONDITIONER 

TYPICAL CHARACTERISTICS 

READ DATA PULSE DURATION 
vs 

CAPACITANCE 

VCC1 - 12 V 
VCC2 - 5 V 
TA s 25°C 

R-50kO-h 

/ '" R = 30kO-, / / 

~ ~I ~6Iko- I"\. /' 1/11 

~ 

~I-'" I'--R - 10 kO 

I- I'-R - 5 kO: 

4 10 40 100 400 1000 

Capacitance - pF 

FIGURE 5 

~ 
> 
I 
" 120 
·8 
~ 
~ 100 
E 
C( ., 
'" 80 :! 
~ 
]! 60 
E 

~ o 40 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
ELECTRONIC GAIN VOLTAGE 

VCC1 - 12 V 
TA - 25°C 

/ 
/V J 

Radi M V 
/ 

V 

I 

VI 
II 

16 

" 
f.--V Radi = 5 kV 

1----1-""" 
~ 20 ., 
e> 
!l 
I 
o 
~ 

o 
o 

I--

2345678 9 10 

VUEGVI-Electronic Gain Voltage-V 

FIGURE 6 

TYPICAL APPLICATION DATA 

... 12 V EGS 

.- r-

I I 
d 

* 
~ n t-- t---

" " ~ 
" 1 " I 

... I " .. g B c I 24 23 22 21 20 19 18 17 16 15 14 13 
z ~ 

N N Z ... 
N tl > " :::> 

> e 'F' 
TL040 ... * * TL041 :::> ... e ... I .. 0 ... 

~ c ... 
~ ~ ~ ~ 

.. z :::> 
iD .. " e 1 2 3 4 5 6 7 8 9 10 11 12 

I I d I " I ~ L .. 
~ 

., 
" I * * L.... I f '"' 

[, 
I;: F' 

"] ~ -
HEAD SELECT RDP +5 V W/R 

FIGURE 7. READ SIGNAL CIRCUIT FOR A STREAMING TAPE DRIVE 
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• Magnetic-Field Sensing Hall-Effect Input 

• On-Off Hysteresis 

• Small Size 

• Solid-State Technology 

• Open-Collector Output 

description 

The TL 170e is a low-cost magnetically operated 
electronic switch that utilizes the Hall Effect to 
sense steady-state magnetic fields. Each circuit 
consists of a Hall-Effect sensor, signal 
conditioning and hysteresis functions, and an 
output transistor integrated into a monolithic 
chip. The outputs of these circuits can be directly 
connected to many different types of electronic 
components. 

The TL 170e is characterized for operation over 
the temperature range of ooe to 70 oe. 

functional block diagram 

VCC 

TL17DC 
SILICON HALL-EFFECT SWITCH 

02408, DECEMBER 1977, REVISED APRIL 1988 

LP PACKAGE 

ITOP VIEWI 

0,76 mm 10.030 inl 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

FUNCTION TABLE ITA - 25°CI 

FLUX DENSITY OUTPUT 

s -25 mT Off 

-25 mT < B < 25 mT Undefined 

'" 25 mT On 

V+ 

~---------------------I 

SILICON 
HALL·EFFECT 

SENSOR 

SIGNAL 
CONDITIONING 

AND HYSTERESIS 

I 

I 
I 
I 
I 
I 
I 

TRANSISTORS 
SCR'S 

L ___________________ J 

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

Supply voltage, Vee (see Note 1) ........ , . , , ............. , , ........ , ... , , . , . . .. 7 V 
Output voltage ................ , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 mA 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 
Magnetic flux density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 

NOTE 1. Voltage values are with respect to network ground terminal. 
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T1170C 
SILICON HALL·EFFECT SWITCH 

electrical characteristics at specified free-air temperature. Vee = 5 V ± 5% (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Threshold of positive-going 25°C 25-

mTt BT+ magnetic ilux density t ooe to 70°C 35 
Threshold of negative-going 25°C -25§ 

mTt BT-
magnetic flux density t ooe to 70°C -35§ 

BT+ -BT- Hysteresis ooe to 70°C 20 mTt 

IOH High-level output current VOH = 20 V ooe to 70°C 100 pA 

VOL' Low-level output voltage Vee = 4.75 V, IOL = 16 rnA ooe to 70°C 0.4 V 

ICC Supply current V = 5.25 V I Output low 
ee I Output high 

ooe to 70°C 
6 

4 
rnA 

tThreshold values are those levels of magnetic flux denisity at which the output changes state. For the TL 170e, a level more positive 
than BT + causes the output to go to a low level and a level more negative than BT _ causes the output to go to a high level. See Figures 1 
and 2. 

tThe unit of magnetic flux density in the International System of Units (51) is the tesla (T). The tesla is equal to one weber per square 
meter. Values expressed in milliteslas may be converted to gauss by multiplying by ten. 

§The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux-density threshold 
levels only. -

VOH 

The north pole of a magnet is the pole 
that is attracted by the geographical 
north pole. The north pole of a magnet 
repels the north-seeking pole of a 
compass. By accepted magnetic 
convention, lines of flux emanate from 
the north pole of a magnet and enter the 
south pole. 

s 
N 

+8 N 

-8 s 

FIGURE 1. DEFINITION OF MAGNETIC FLUX POLARITY 

Vo Vo 
iBT- BH 

VOH VOH 
I off 
I 
I 
I 
I ~2omT_ 
I 
I 
I on I 

-25 

B(mTl 

off 

~20mT----t 

VOL __ ~B~T~:::on:i::::::::::VOL 
o 

B (mTl 

Vo 

• BT_ 
off 

MAX BT+ 
at 2SoC 

i 
BHI 

I 
I 
I 
I 

+--20mT--t I 
I 
I 

on I 
VOL 

25 

B (mTI 

The positive-going threshold (BT +) may be a negative or positive B level at which a positive­
going (decreasing negative or increasing positive) flux density results in the TL 170 output 
turn-on. The negative-going threshold is a positive or negative B level at which a negative­
going (decreasing positive or increasing negative) flux density results in the TL 170 turning off. 

FIGURE 2. REPRESENTATIVE CURVES OF Vo VB 8 
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• Magnetic-Field Sensing Hall-Effect Input 

• On-Off Hysteresis 

• Small Size 

• Solid-State Technology 

• Open-Collector Output 

• Normally Off Switch 

description 

The TL 172C is a low-cost magnetically operated 
normally off electronic switch that utilizes the 
Hall Effect to sense the presence of a magnetic 
field. Each circuit consists of a Hall-Effect 
sensor, signal conditioning and hysteresis 
functions, and an output transistor integrated 
into a monolithic chip. A magnetic field of 
sufficient strength in the positive direction will 
cause the TL172C output to be in a low­
impedance state. Otherwise, the output will 
present a high impedance. The output of this 
circuitry connected to many different types of 
electronic components. 

The TL 172C is characterized for operation over 
the temperature range of OOC to 70°C. 

functional block diagram 

Vee 

TL172C 
NORMALLY OFF SILICON HALL-EFFECT SWITCH 

02490. AUGUST 1977-REVISEO APRIL 1988 

LP PACKAGE 

ITOP VIEW) 

0,76 mm 10.030 in) 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

FUNCTION TABLE 

FLUX DENSITY OUTPUT 

:s 10 mT Off 

10 mT < B < 60 mT Undefined 

:.: 60 mT On 

v+ 

,---------------------, TTL 
RTL 

I I 

SILICON SIGNAL 
HALL·EFFECT CONDITIONING 

MOS 
TRANSISTORS 
SCR'S 
TRIACS 
RELAYS 

I 
I 
I 
I 
I 
I 

SENSOR AND HYSTERESIS 

I I L ___________________ J 

PRODUCTIOI DATA d •• um.nll.ont.ln Info.m.tIGn 
.u ..... II GI publl.atiGn dilL P.odu.II ... fo.m to 

Copyright @ 1979. Texas Instruments Incorporated 

In 
C o 

".;:; 
(,) 
C 
:::J 

U. 

Ip •• iII •• tlG .. ,. t •• Itnnl GI T ... I In .. rum •• tl 
".nd.nI w .... nty. Prad •• t1on ' ...... i.U do ... Gt TEXAS .Jf 

INSTRUMENTS 
4-123 

n ....... lly in.lude ItItinu of III ,. •• m ..... . 
POST OFFICE BOX 655012 • DALLAS, TEXAS 76266 



II 

TL172C 
NORMALLY OFF SILICON HALL-EFFECT -SWITCH 

absol~te maximum,Jatings over operating free-air temperature range (unless otherwise noted)· 

Supply voltage, Vee (see Note 1) .... -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7 V 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Output current . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 mA 
Operating free-air temperature range ...................................... ooe to 70 0 e 
Storage temperature range .......................................... - 65 °e to 150 De 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260 0 e 
Magnetic flux density .............................................. '. . . . .. unlimited 

NOTE 1: Voltage values are with respect to' network ground terminal. 

electrical characteristics over rated operating free-air temperature range; Vee .. 5 V· ± 5% (unless 
otherwise noted) . 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

BT+ 
Threshold of positive-going 

60 mH 
magnetic flux density t 

BT-
Threshold of negative-going 

'10 mH 
magnetic flux density f 

BT+ -BT- Hysteresis 23 mT* 

IOH High-level output current VOH = 20 V 100 tLA 
VOL Low-level output voltage Vee = 4.75 V, IOL = 16 rnA 0.4 V 

lee Supply current Vee = 5.25 V 6 rnA 

tThreshold values are those levels of magnetic flux density at which the output changes state. For the TL 172e, a level more positive 
than BT + causes the output to go to a low level. and a level more negative than BT _ causes the output to go to a high level. See Figures 
1 and 2. 
*The unit of magnetic flux density in the International System of Units (51) is the tesla (T). The tesla is' equal to one weber per square 
meter. Values expressed in milliteslas may be converted to gauss by multiplying by ten. 

S 

N 

The north pole of a magnet is the pole 
that is attracted by the geographical 
north pole. The north pole of a magnet 
repels the north-seeking pole of a 
compass. By accepted magnetic 
convention, lines of flux amanate from 
the north pole of a magnet and enter the 
south pole. 

FIGURE 1. DEFINITION OF 
MAGNETIC FLUX POLARITY 

Va 
MIN BT_ MAXBT+ 

I 

I I 
VOH 

BT- BT+ I 
I I 
I I 
I 23mT I 
I I 
I I 
I I 
I Vall 

0 
0 10 B{mTl 60 

FIGURE 2~ REPRESENTATIVE CURVE OF Vo vs B 
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• Output Voltage Linear with Applied 
Magnetic Field 

• Sensitivity Constant Over Wide Operating 
Temperature Range· 

• Solid-State Technology 

• Three-Terminal Device 

• Senses Static or Dynamic Magnetic Fields 

description 

The TL 1731 and TL173C are low-cost magnetic­
field sensors designed to provide a linear output 
voltage proportional to the magnetic field they 

TL1731, TL173C 
LINEAR HALL-ELLECT SENSORS 

02526, MARCH 1979-REVISEO APRIL 1988 

LP PACKAGE 
TOP VIEW 

0,76 mm (0.030 in) 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

sense, These monolothic circuits incorporate a Hall element as the primary sensor along with a voltage 
reference and a preCision amplifier, Temperature stabilization and internal trimming circuitry yield a device 
that features high overall sensitivity accuracy with less then 5% error over its operating temperature range, 

The TL 1731 is characterized for operation from -20·C to 85·C, The TL 173C is characterized for operation from 
O·C to 70·C, 

functional block diagram 

SILICON 

HALL·EFFECT 

SENSOR 

VCC 

GND 

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

Supply voltage, VCC (see Note 1) ,,"","""""""""""""',',",.,',. 25 V 
Continuous total dissipation at (or below) 25·C free-air temperature (see No.te 2) , , , , , . , ... , , 775 mW 
Operating free-air temperature range: TL1731 . , , , , , . , .... , ...... , , , , , , . , , , " - 20'C to 85·C 

TL173C .......... , ... ,", .. , .. ,.,...... 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 
MagnetiC flux densisty .. ,', .... , .. ".,.,', ....... , ...... ,",., •. " .. , .• , unlimited 

NOTES: 1. Voltage values are wnh respect to network ground terminal, 
2, For operation above 2S'C free·air temperature, derate linearly at the rate of 6.2 mWI'C. 
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TL 1731, TL 173C 
LINEAR HALL~EFFECT SENSORS 

recommended operating conditions 

TL1731 TL173C 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 10.8 12 13.2 10:8 12 13.2 V 
Magnetic flux density, B ±50 ±50 mT 

Output current, 10 
I Sink 0.5 0.5 

mA I Source -2 -2· 
Operating Iree-air temperature, TA -20 85 a 70 'c 

electrical characteristics over full range of recommended operating conditions (unless otherwise 
noted) 

PARAMETER TEST CONDITIONSt MIN TYP* MAX UNIT 

Vo Output voltage 10 - -2 mA to 0.5 mA, 5.8 6 6.2 V 

kSVS Supply voltage sensitivity (aVIO/tiNCC) B = a mT§, TA = 2S'C 18 mVN 

S Magnetic sensitivity (avo/a B) B = -50 to 50 mT§, TA - 2S'C 13.5 15 18 vjT§ 
as Magnetic sensitivity change with temperature aTA - 2S'C to MIN or MAX ±5 % 

ICC Supply current B = a mr§, 10 = a 8 12 mA 

Imax Maximum operating Irequency 100 kHz 
.. .. .. t For condItIons shown as MIN or MAX, use the appropriate value specliled under recommended operallng condItIons . * Typical values are at VCC = 12 V ilnd TA = 25'C. 

§ The unit of magnetic Ilux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one'weber per square meter. 
Values expressed in milliteslas may be converted to gauss by muitiplying by ten, e.g., 50 millitesla = 500 gauss. 
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OUTPUT VOLTAGE 
vs 

MAGNETIC FLUX DENSITY 

Vee= 12V 
TA = 25°e 

TY~leAL-I ./ 
UP~ER BOUNDARY-V \" 

/ ./ 
/ 

V / V 
/V V / 

V 
/ ~ 
V L 

V 

0 
I 5_6 

Y ./ 
V 

"" LOWER BOUNDARY 

0 
> 

5.4 

5.2 

./ 1/ / 
V ./ 

V 

5 / 

The north pole of a magnet is the pole 
that is attracted by the geographical 
north pole. The north pole of a magnet 
repels the north-seeking pole of a 
compass. By accepted magnetic 
convention, lines of flux emanate from 
the north pole of a magnet and enter the 
south pole. 

-50 -40 -30 -20 -10 0 10 20 30 40 50 

FIGURE 1. DEFINITION OF MAGNETIC 
FLUX POLARITY 
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TL 1731, TL 173C 
LINEAR HALL-EFFECT SENSORS 

TYPICAL APPLICATION DATA 

The circuit in Figure 3 may be used to set the output voltage at zero field strength to exactly 6 V (using R1), and to 
set the sensitivity to exactly -15 vrr (using R2), as depicted in Figure 4. 

COMPENSATED OUTPUT VOLTAGE 
vs 

MAGNETIC FLUX DENSITY 
7 

6.8 

> 6.6 I .. 
12V 2' 6.4 ... 

R2 '0 
> 6.2 10kQ ... 

10 kQ " a- 6 
" 3.9kQ 0 
'tl 5.8 TL 173C ~ 

OUTPUT C 5.6 R1 .. a. 
2.5 kQ E 5.4 

<3 

_I 1 _I. I 1 
Vce = 10.8 V to 13.2 V 

""-
TA = 25°C -

."'" 
" I'.... 

"'-
'" ....... 

I'..... 

"'-["... 
10 kQ 5.2 

5 
-50-40 -30-20 -10 0 10 20 30 40 50 

B - Magnetic Flux Density - mT 

FIGURE 3. COMPENSATION CIRCUIT FIGURE 4 
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• Excellent Dynamic Range 

• Wide Bandwidth 

• Built-In Temperature Compensation 

• Log Linearity (30 dB Sectionsl ... 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 of the 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 80 dB with log linearity 
of ± 0.5 dB (see application datal. 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. 

TL441 AM 
LOGARITHMIC AMPLIFIER 

0956, JUNE 1976-REVISEO FEBRUARY 1989 

COMP A2 

VCC-
COMP A2' 
INPUT A1 

OUTPUT Y 

J PACKAGE 

(TOP VIEW) 

NC 
COMP B2 
COMP B2' 
GND 
INPUT B1 

OUTPUTY OUTPUT Z 

INPUT A2 

VCC+ 

CA2' 4 

A1 5 

NC 6 

Y 7 

Y 8 

FK PACKAGE 

(TOP VIEW, 

1 

tl~uu ~ 
>uzzu 

OUTPUTZ 
INPUT B2 

3 2 1 2019 

18 

17 

16 

15 B1 
14 

9 1011 1213 

N +u NIN « U Z m 
U 
> 

NC - No internal connection 

functional block diagram (one half) 

Y""ogAl + logA2;Z""ogBl + log 82 
where: Al, A2, Bl, and B2 are in dBV, 0 dBV = 1 V. 

v (Z, 

CA2, CA2', C82, and CB2' are detector compensation inputs. 

Copyright @ 1976, Texas Instruments Incorporated 
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TL441 AM 
LOGARltKMIC AMPLIFIER 

schematic 

(81 
vCC+ 

OUTPUTY 

OUTPUT Y 

(61 

(51 

(7) 

t 
)-

?-
~~~ <~ KJ1-(~ 

INPUTA2 

INPUT Al 

, (31 
COMPA2 

COMP~2 
(11 

VCC_ 
(21 

~ ~ 

L 

Pin numbers shown are for the J package. 

f1 
L 

~ 

(101 

K (111 

191 

OUTPUTZ 

OUTPUT Z 

K 
-(> ~> ~> r<-~(~I 

INPUT B2 

NPUT 81 

~ r' r' 
U W 

(13 

(141 

(151 
COMP B2' 

COMPB2 

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

Supply voltages (see Note 1): Vee + ............................................ 8 V 
Vee- ........................................... -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 De to 125 De 
Storage temperature range ......................................... - 65 De to 150 De 
ease temperature for 60 seconds: FK package ................................... 260 De 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300 De 

NOTE: 1. All voltages, except differential output voltages, are with respect to network ground terminal. 

DISSIPATION RATING TABLE 

TA:$ 25·C DERATING DERATE TA - 70·C TA - 125°C 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING POWER RATING 

FK 500mW 11.0 mW/oC 104°C 500mW 275 mW 

J 500mW 11.0 mW/oC 104°C 500 mW 275 mW 

recommended operating conditions 

MIN NOM MAX 

Peak-to-peak input voltage for each 30-dB stage 0.01 1 

Operating free-air temperature, T A -55 125 
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TL441 AM 
LOGARITHMIC AMPLIFIER 

electrical characteristics. Vee+ - 6 V. Vee- - -6 V. TA - 25 0 e 

PARAMETER 
TEST 

MIN TVP 
FIGURE 

Differential output offset voltage 1 ±25 

Quiescent output voltage 2 5.45 5.6 

DC scale factor (differential output). each 3-dB stage. - 35 dBV to - 5 dBV 3 7 8 
AC seal. factor (differential output) 8 

DC error at - 20 dBV (midpoint of - 35 dBV to - 5 dBV range) 3 1 

Input impedance 500 

Output impedance 200 

Rise time. 10% to 90% points. CL = 24 pF 4 20 

Supply current from V CC + 2 14.5 18.5 

Supply current from V CC 2 -6 -8.5 

Power dissipation 2 123 162 

electrical characteristics over operating free-air temperature range. Vee + - 6 V. 
Vee - - - 6 V (unless otherwise noted) 

PARAMETER 
TEST 

MIN TVP 
FIGURE 

Differential output offset voltage 1 

Quiescent output voltage 2 5.3 

DC scale factor (differential output) each 30-dB stage. - 35 dBV to - 5 dBV 3 7 

DC error at - 20 dBV (midpoint of - 35 dBV to - 5 dBV range) 
ITA = -55°C 

3 
ITA = 125°C 

Supply current from V ce + 2 10 

Supply current from Vce- 2 -4.5 

Power dissipation 2 87 

PARAMETER MEASUREMENT INFORMATION 

Vcc+ vcc-

Vcc+Vcc_ 

MAX 

±70 

5.85 

11 

2.6 

35 

23 
-10.5 

201 

MAX 

±100 

5.85 

11 

4 

3 

31 
-15 

276 

A1 V A1 vl----oQ 

A2 V A2 

81 Z 81 

82 Z 82 zl----
Vo 

Po - Vcc+ • ICC+ + Vcc- • ICC-

FIGURE 1 FIGURE 2 

UNIT 

mV 

V 

my/dB 

mY/dB 

d8 

II 
II 
ns 

mA 

mA 

mW 

UNIT 

mV 

V 

my/dB 

dB 

mA 

mA 

mW 
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TL441 AM 
LOGARITHMIC AMPLIFIER 

• CJ) 
"C 
CD 
n 
Ci)' 

"T1 
C 
;:, 
n 
r+ 
0' 
;:, 
en 

4-132 

PARAMETER MEASUREMENT INFORMATION 

Vcc+ VCC-

Vcc+ VCC-

v 1-""---, 

18 mV 
100 mV 
560 mV 

Scale Factor = 

A2 

B1 

[Vout[560 mVI -Vout(18 mVll mV 

30 dB 

jVout(100 mVI -0.5 Vout(560 mVI -0.5 Vout(18 mViI 
Error = Scale Factor 

FIGURE 3 

Vcc+ Vcc_ 

C, Vcc+ Vcc-

A1 Y 

A2 Y 

B1 

IL- 1OO mv 
o mV B2 Z 

NOTES: A. The input pulse has the following characteristics: 
tw = 200 ns, t r :52 ns, tf:52 ns, PRR :s 10 MHz. 

B. Capacitor Cj consists of three capacitors in 
parallel: 1 ~F, 0.1 ~F, and 0.01 ~F. 

C. CL includes probe and jig capacitance. 

FIGURE 4 
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TL441 AM 
LOGARITHMIC AMPLIFIER 

TYPICAL CHARACTERISTICS 
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DC SCALE FACTOR 
vs 

FREE-AIR TEMPERATURE 
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QUIESCENT OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

Vcc+= 6 V 
-VCC~=-6V 

See I FigUrf 2 
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FIGURE 6 

DC ERROR 
vs 

FREE-AIR TEMPERATURE 
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-See Figure 3 
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Tl441 AM 
LOGARITHMIC AMPLIFIER 
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TYPICAL CHARACTERISTICS 

OUTPUT RISE TIME 
VB 

LOAD CAPACITANCE 

~ 
7 

~ 
.." V 

Vcc+=6V 
VCC_=-6V 
TA = 25°C 

~ 

See Figure 4, outputs loaded symmetrically 

5 10 1520 

CL -Load Capacitance- pF 

FIGURE 9 

POWER DISSIPATION 
VB 

FREE-AIR TEMPERATURE 

VCC+=6V 
VCC_=-6V 

See riguri 3 

25 30 

---

-75 -50 -25 0 25 50 75 100 125 

4c134 

TA-Free Air Temperature-OC 

FIGURE 10 
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TL441 AM 
LOGARITHMIC AMPLIFIER 

TYPICAL APPLICATION DATA 

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 basic 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· VBE = In [(IC + ICES)/ICESl 

where: 
IC = collector current 

ICES = collector current at VBE 0 
m = q/kT (in V - 1 ) 

VBE = 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. 

functional block diagram 

CA2·----....J '------C.2· 

~ 
OUTPUTS 

FIGURE 11 

logarithmic sections 

As can be seen from the schematic, there are 
eight differential pairs. Each pair is a 15-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 15-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 15-dB stage can be 
adjusted to match the other 1 5-dB stage in the 
pair. The compensation pins may also be used 
to match the transfer characteristics of input A2 
to A1 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, linear attentuation, and many 
different applications requiring logarithmic signal 
processing are possible. 

input levels 

The recommended input voltage range of any 
one 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 ± 3.5 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. 

output levels 

Differential-output-voltage levels are low, 
generally less than 0.6 V. As demonstra~ed in 
Figure 12, the output swing and the sloplf'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. 
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TL441 AM 
LOGARITHMIC AMPLIFIER 

TYPICAL APPLICATION DATA 

circuits 

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. 

> 
I 
'" .. 
~ 
~ 

= 2-
:::I 
0 

1.4 

1.2 

1.0 

O.S 

0.6 

0.4 

0.2 

0 

-0.2 

TYPICAL TRANSFER 
CHARACTERISTICS 

ADJUSTED FOR INCREASED 
SLOPE ~ NO OFFSET 

V 

I.; 

~ 

~ ADJUSTED FOR MINIMUM 

Ili~ri TI'ilim ZiilrllrTlii 
10-4 10-3 10-2 10-1 

Input Voltage- V 
101 

---+-1 A1 V ~---'lM""'-+-"""""""", 

r 
INPUT 

1/2 
TL441 

ORIGIN 

i 
A2 V 1---+-I\N'v-"t_~'IIv-_--l OUTPUT 1 SLOPE I 

-*--~-~--+ 

FIGURE 12. OUTPUT SLOPE AND ORIGIN ADJUSTMENT 

4-136 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 666012 • DALLAS, TEXAS 75265 



i 
INPUT 

~ 

> 
I 
'" '" 1lI 

~ 
= a. 

= 0 

0.4 

0.3 

0.2 

0.1 

TYPICAL APPLICATION DATA 

TRANSFER CHARACTERISTICS 
OF TWO TYPICAL INPUT STAGES 
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II 

I~V 

V 
o 
0.001 0.01 0.1 

Input Voltage-V 

2 kn. 1% 2 kU. 
81 Z 

1/2 20 kf! 

TL441 
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TL441 AM 
LOGARITHMIC AMPLIFIER 
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FIGURE 13. UTILIZATION OF SEPARATE STAGES 
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TL441 AM 
LOGARITHMIC AMPLIFIER 
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TYPICAL APPLICATION DATA 

TRANSFER CHARACTERiStiCS 
WITH BOTH SIDES PARALLELED 
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::I e-
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0.1 
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0.001 
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TL441 

B1 
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-=-

V 
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0.1 10 

Input Voltage-V 
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FIGURE 14. UTILIZATION OF PARALLELED INPUTS 
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TYPICAL APPLICATION DATA 

TRANSFER CHARACTERISTICS 

0.8 

0.7 

0.6 
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I 0.5 '" 

1/ 
'" :! 
'0 0.4 > 
~ 

:l a. 
0.3 ':0 

0 1/ 
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0.1 
V 

0 
10-4 10-3 10-2 10-1 

Input Voltage-V 

A1 y 

15 k{l 

A2 Y 

TL441 

B1 Z 
INPUT 

B2 Z 

9100 Vcc- ~ -4 V 

5 kO 
1000 

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 transistions. 

TL441 AM 
LOGARITHMIC AMPLIFIER 
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Figure 15. LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dB 

TEXAS ." 
INSTRUMENlS 

4-139 

POST OFFICE BOX 655012 • DALLAS, TeXAS 75265 



II 

"T1 
r::: 
::l 
(') ... 
0' 
;1 

Tl441 AM 
LOGARITHMIC AMPLIFIER 

TYPICAL APPLICATION DATA 

R R R R 

>-.----<lI-fA 1 1/2 Y 

R 
R 

NOTES: A. Connections shown are for multiplication. For ~ivision, 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 designates resistors of equal ,value, typically 2 k H to 10 kn. 

Multiplication: W '" A • 8 => log W'= log A + log B. or W = a (J09a A + 109a BI 

Division: W = AlB => log W = log A - log B, or W = a(l09a A + 109a B) 

FIGURE 16. MULTIPLICATION OR DIVISION 

nR R R 

y 1-""'RIv-..... -I 

Tl441 
A2 Y 

INPUT 
A 

1/2 
Tl441 ~-'~~-----IB1 Z 

R 

nR R 

R 

1/2 
Tl441 

z 

OUTPUT W 
ISee Note BI 

OUTPUT 
W 

NOTE: R designates resistors of equal value, typically 2 kll to 10 kll. 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 = a1n loga AI 

FIGURE 17. RAISING A VARIABLE TO A FIXED POWER 
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TL441 AM 
LOGARITHMIC AMPLIFIERS 

INPUT 
A 

TYPICAL APPLICATION DATA 

2 kll 2 kll 

~~~~-e--------~Al 
1/2 

TL441 

v 

A2 Y 

2 kll 

2 kll 

NOTE: Adjust the slope to correspond to the base "a". 
Exponential to any base: W = a 

OUTPUT 
W 

FIGURE 18. RAISING A FIXED NUM8ER TO A VARIABLE POWER 
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FIGURE 19. DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE 
PER CHANNEL AT 10 MHz 
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• S-Pin Version of NE592 ... Saves Printed 
Circuit Board Space 

• Adjustable Gain to 400 

• No Frequency Compensation Required 

• Adjustable Passband 

DEVICE TEMPERATURE AVO RANGE 

TYPE RANGE (GAIN OPTION 1) 

TL592 ooC to 70°C 250-600 

TL592A ooe to 70°C 400-600 

description 

This device is a monolithic two-stage video 
amplifier with differential inputs and differential 
outputs. 

Internal series-shunt feedback provides wide 
bandwidth, (ow 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. 

Fixed differential amplification of nominally 400 
may be selected without external components, 
or amplification may be adjusted from 0 to 
approximately 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. 

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. 

The TL592 and TL592A are characterized for 
operation from ooe to 70°C. 

symbol 

TL592. TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

0266B. NOVEMBER 19B3-REVISEO MAY 19BB 

o OR P PACKAGE 

(TOP VIEW) 

IN+[]8 IN-
GAIN ADJ A 2 7 GAIN ADJ B 

VCC- 3 6 VCC+ 
OUT+ 4 5 OUT-

GAIN ADJUST A ~ 

IN+ + OUT+ 

IN- - OUT-

GAIN ADJUST B 

Copyright © 1983, Texas Instruments Incorporated 
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TL592. TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

schematic 

r-____ -. __________ ~~------_.~----~------~----_1~16} Vcc+ 

.... ____ -+..:..14:.:...} OUT+ 

15} OUT-

300n 

~ ______ ----------~~----------__ ----------~----_4~13~} Vcc_ 

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

Supply voltage, Vee + (see Note 1) ............................................. 8 V 
Supply voltage, Vee _ (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 8 V 
Differential input voltage ........................................... , . . . . . . .. ± 5 V 
Voltage range, any input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Vee + to Vee-
Output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 mA 
eontinuous total power dissipation at 70 0 e ................ : ....•............... 500 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 0 e 

NOTE 1: All voltage values except differential input voltages are with respect to the midpoint between Vee + and Vee _ . 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. Vee + 3 6 8 V 
Supply voltage. Vee- -3 -6 -8 V 
Operating free-air temperature. T A 0 70 ·e 
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electrical characteristics at specified free-air temperature, VCC + 6 V, VCC-

TEST GAIN 
PARAMETER TEST CONDITIONS 

OPTIONt FIGURE 

Large-signal differential 25°C 
AVO 1 Vapp ~ 3 V, RL ~ 2 kll 1 

voltage amplification O°C to 70°C 

BW Bandwidth I - 3 dB) 2 VOpp ~ 1 V 25°C 1 

110 Input offset current VIC ~ 0 
25°C 

O°C to 70°C 
1 or 2 

liB Input bias current VIC ~ 0 
25°C 

O°C to 70°C 
1 or 2 

Common-mode input 25°C 
VICR 3 1 or 2 

voltage range O°C to 70 0 e 

Vac 
Common-mode output 

1 
voltage 

RL = 00 25°C 2 

25°C 
VOO Output offset voltage 1 VIO ~ 0, RL ~ '" 2 

QOC to 70 0 e 
Peak-ta-peak output 25°C 

Vapp 1 RL ~ 2 k{J 1 
voltage swing O°C to 70 0 e 

Vao ~ 1 V, 25°C 
zi Input impedance 1 

f ~ 1 kHz to 10 MHz O°C to 70 0 e 
f ~ 100 kHz 

25°C 
Common-mode f ~ 5 MHz 

CMRR 3 VIC ~ ± 1 V 1 
rejection ratio f ~ 100 kHz 

O°C to 70 0 e 
f ~ 5 MHz 

Supply voltage rejection l>VCC+ ~ ±0.5 V, 25°C 
kSVR 4 1 

ratio Il>VCCIl>VIO) l>VCC- ~ ±0.5 V ODC to 70 0 e 

Vn 
Broadband equivalent 

4 BW ~ 1 kHz to 10 MHz 25°C 1 or 2 
input noise voltage 

tpd Propagation delay time 2 l>VO - 1 V 25°C 2 

tr Rise time 2 l>VO - 1 V 25°C 2 

Isinklrnax) 
Maximum output 

sink current 
1,2, or 3 

ICC Supply current No load, No signal 
25°C 

O°C to 70°C 
1 or 2 

tThe gain option is selected as follows: 
Gain Option 1 . Gain adjust pin A is connected to pin B. 
Gain Option 2 ... Gain adjust pins A and B are open. 

Special Functions II 

-6V, RL 

Tl592 

MIN TYP 

250 400 

250 

50 

0.4 

9 

±1 

±1 

2.4 2.9 

0.35 

3 4 

2.8 

4 

3.6 

60 86 

60 

50 

60 

50 70 

50 

12 

7.5 

10.5 

3 4 

18 

2 kD (unless otherwise noted) 

Tl592A 

MAX MIN TYP MAX 
UNIT 

600 400 440 600 
V/V 

600 400 600 

50 MHz 

5 0.4 5 
~A 

6 6 

30 10 30 

40 40 
#A 

±1 
V 

±1 

3.4 2.4 2.9 3.4 V 

0.75 0.35 0.75 
V 

1.5 1.5 

3 4 
V 

2.8 

3.6 

3.3 
k{J 

60 86 

60 

50 
d8 

60 

50 70 
dB 

50 

12 ~V 

7.5 ns 

10.5 ns 

3 4 rnA 

24 19 24 
rnA 

27 27 

52 ..., ..., 
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TL592. TL592A 
DIFFERENTIAL VIDEO AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

0.2 p.F 

r-tr------~----Vo+ 

0-...... ---'-- Vo- o-I+-------~----VO_ 

5011 5011 5011 5011 
0.2p.F 

1 kl1 1 kl1 
Voc= 

2 

FIGURE 1 FIGURE 2 

0.2p.F 

t--...... ----i-VO_ 

1 kl1 1 kl1 

FIGURE 3 FIGURE 4 
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• Adjustable Gain to 400 Typ 

• No Frequency Compensation Required 

• Low Noise ... 3 p.V Typ Vn 

description 

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. 

The differential gain is typically 400 when the 
gain adjust pins are connected together, or 
amplification may be adjusted from 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. 

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 
ooe to 70oe. 

TL592B 
DIFFERENTIAL VIDEO AMPLIFIER 

02668. JUNE 1985-REVISED APRIL 1988 

oat OR P PACKAGE 

(TOP VIEW) 

IN+[]S IN-
GAIN ADJ A 2 7 GAIN ADJ B 

VCC- 3 6 VCC+ 
OUT+ 4 5 OUT-

D14t OR N PACKAGE 

(TOP VIEW) 

IN+ IN-
NC NC 
NC NC 

GAIN ADJ A GAIN ADJ B 

VCC- VCC+ 
NC NC 

OUT+ OUT-

NC - No internal connection 

tos and 014 are the codes used to differentiate the S-pin and 
14-pin versions, respectively. 

symbol 

ADJ~:"I~~ 
IN+ "" OUT+ 

IN- - OUT-

GAIN 
ADJUST a 

Copyright © 1985, Texas Instruments Incorporated 
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TL5.92B 
DlFHRENTIAL VIDEO AMPLtFI.ER 

schematic 

~ ____ ~----------~------~~----~------.-----~~(6~) Vcc+ 

.... __ -t....:.;(4;.:..) OUT+ 

IN+ (1) 

IN- .!:(8::.)---If-----+--' 

GAIN {A (2) 
ADJUST B ..:(7:.:.)'-..-t-__ ..... (5) OUT-

L-----~----------~----------~--------~----~~(3~)VCC-

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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 0 mA 
Continuous total power dissipation .......................... " See Dissipation Rating Table 
Operating free-air temperature range ...................................... ooC 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 _. 

DISSIPATION RATING TABLE 

TA " 25°C DERATING DERATE TA - 70°C 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING 

08 530 mW 5.8 mW/oC 59·C 464mW 

014 530 mW N/A N/A 530mW 

N 530 mW N/A N/A 530 mW 

P 530 mW N/A N/A 530mW 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage, VCC + 3 6 8 V 

Supply voltage, VCC- -3 -6 -8 V 

Operating free-air temperature, T A 0 70 ·C 
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electrical characteristics at specified free-air temperature, Vee + 
(unless otherwise noted) 

TEST 
TEST CONDITIONS t PARAMETER 

FIGURE 

Large~signal differential VOPP ~ 3 V, RL ~ 2 kll, 
AVD 1 

voltage amplification RAB ~ 0 

AVD2 
Large-signal differential 

1 
VOPP ~ 3 V, RL ~ 2 kll, 

voltage amplification RAB ~ 1 kll 

BW Bandwidth I - 3 dBI 2 VOPP ~ 1 V, RAB ~ 0 

110 Input offset current 

liB Input bias current 

Common-mode input 
VieR 3 

voltage range 

Voe 
Common-mode output 

1 RL ~ 00 
voltage 

VOO Output offset voltage 1 VID ~ 0, RAB ~ 00, RL = 00 

Peak-ta-peak output 
VOPP 1 RL ~ 2 kll RAB ~ 0 

voltage swing 

VOD ~ 1 V, RAB ~ 0 
'i Input resistance 

'0 Output resistance 

ei Input capacitance 

I ~ 100 kHz 

Common-mode VIC ~ ±1 V, I ~ 5 MHz 
eMRR 3 

rejection ratio RAB ~ 0 I ~ 100 kHz 

I ~ 5 MHz 

Supply voltage rejection IlVee+ ~ ±0.5 V, 
kSVR 4 

,atio IIlVee/llVIOI IlVee- ~ ±0.5 V, RAB ~ 0 

Vn 
Broadband equivalent 

4 BW ~ 1 kHz to 10 MHz 
input noise voltage 

1p9 Propagation delay time 2 IlVO ~ 1 V 

t, Rise time 2 IlVO ~ 1 V 

Isink{max) 
Maximum output 

VID ~ 1 V, Vo ~ 3 V 
sink current 

ICC Supply current No load, No signal 

TL592B 
DIFFERENTIAL VIDEO AMPLIFIER 

6 V, Vee- -6 V, RL 2 k!l 

MIN TYP MAX UNIT 

25°C 300 400 500 
V/V 

DoC to 70 D e 250 600 

25°C 13 V/V 

25°C 50 MHz 

25°C 0.4 5 

ODC to 70 0 e 6 
~A 

25°C 9 30 

oDe to 70 De 40 
~A 

25°C ±1 
V 

ooe to 70°C ±1 

25°C 2.4 2.9 3.4 V 

25°C 0.35 0.75 
V 

ooe to 70°C 1.5 

25°C 3 4 
V 

ooe to 70°C 2.8 

25°C 4 
kll 

DoC to 70 D e 3.6 

ooe to 70°C 30 Il 

25°C 5 pF 

60 86 
25°C 

60 

50 
dB 

ooe to 70°C 
60 

25°C 50 70 
dB 

ooe to 70°C 50 

25°C 3 ~V 

25°C 7.5 ns 

25°C 10.5 ns 

3 4 rnA 

25°C 18 24 
rnA 

O°C to 70°C 27 

tRAB 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 
DIFFERENTIALVfDEO AMPLIFIER 

PARAMETER MEASUREMENT INFORMATION 
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." 
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n 
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600 

'0 
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0 

4-150 

1--.-.... -- Vo+ 

O-~~""'--Vo_ 

50 n 50n 
Voe= 

FIGURE 1 

FIGURE 3 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

" SUPPLY VOLTAGE 

RAB=O 
f= 1 kHz 

----
l--

TA = 25°C 
See Figure 1 V 

/' 

1/ 

±3 ±4 ±S ±6 ±1 '8 
VCC± - Supply Voltage - V 

FIGURE 5 

50n 50 n 

2 

TYPICAL CHARACTERISTICS 

LARGE·SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

" GAIN-ADJUSTMENT RESISTANCE 

Vcc+-6V 
700 Vee = 6V 
1000.~ 

f"'OkHz 
<: 400 TA = 25c C 
'i I-+-I+l'~r-....~l-++H+l' See Figure 1 

:i 
:=100~_ t 70 SlE f @1-+-I4+~I-l-++H~--~~~ 

10 L.LJ..l..lJ..lJ.1L_L..l.l.LWll __ LL1.J.ll11J 
1 10 40 100 400 1 k 

RAB - Gain-Adjustment Resistance - ,n 

FIGURE 6 
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• Designed for Use with the TL852 in Sonar 
Ranging Modules Like the SN28827 

• Operates with Single Supply 

• Accurate Clock Output for External Use 

• Synchronous 4-Bit Gain Control Output 

• Internal 1.2-V Level Detector for Receive 

• TTL-Compatible 

• Interfaces to Electrostatic or Piezoelectric 
Transducers 

description 

TLB51 
SONAR RANGING CONTROL 

02760. SEPTEMBER 1983-REViSEO MARCH 1988 

N DUAL-iN-LINE PACKAGE 

(TOP VIEW) 

VCC BLNK 
XMIT BINH 
GND INIT 
GCD FILT 
GCA XTAL2 
GCB XTAL1 
GCC OSC 
REC ECHO 

The TL851 is an economical digital12L ranging control integrated circuit designed for use with the Texas 
Instruments TL852 Sonar ranging receiver integrated circuit. 

The TL851 is designed for distance measurement from six inches to 35 feet. The device has an internal 
oscillator that uses a low-cost external ceramic resonator. With a simple interface and a 420-kHz ceramic 
resonator, the device will drive a 50-kHz electrostatic transducer. 

The device cycle begins when Initiate ((NIT) is taken to the high logic level. There must be at least 5 ms 
from initial power up (VCC) to the first initiate signal in order for all the device internal latches to reset 
and for the ceramic-resonator-controlled oscillator to stabilize. The device will transmit a burst of 16 pulses 
each time INIT is taken high. 

The oscillator output (OSC) is enabled by INIT. The oscillator frequency is the ceramic resonator frequency 
divided by 8.5 for the first 16 cycles (during transmit) and then the oscillator frequency changes to the 
ceramic resonator frequency divided by 4.5 for the remainder of the device cycle. 

When used with an external 420 kilohertz ceramic resonator, the device internal blanking disables the receive 
input (REC) for 3.8 ms after initiate to exclude false receive inputs that may be caused by transducer ringing. 
The internal blanking feature also eliminates echos from objects closer than 1.3 feet from the transducer. 
If it is necessary to detect objects closer than 1.3 feet, then the internal blanking may be shortened by 
taking the blanking inhibit (BINH) high, enabling the receive input. The blanking input (BLNK) may be used 
to disable the receive input and reset ECHO to a low logic level at any time during the device cycle for 
selective echo exclusion or for a multiple-echo mode of operation. 

The device provides a synchronous 4-bit gain control output (12 steps) designed to control the gain of 
the TL852 sonar ranging receiver integrated circuit. The digital gain control waveforms are shown in Figure 2 
with the nominal transition times from INIT listed in the Gain Control Output Table. 

The threshold of the internal receive level detector is 1.2 volts. The TL851 operates over a supply voltage 
range of 4.5 volts to 6.8 volts and is characterized for operation from DoC to 40 D C. 

Copyright © 1983, Texas Instruments Incorporated 
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Tt851 
SONAR RANGING CONTROL 

GAIN CONTROL OUTPUT TABLE. 

STEP 

NUMBER 
GCD GCC GCB GCA TIME Imsl FROM INITIATE tt 

0 L L L L 2.38 ms 

1 L L L H 5.12 ms 

2 L. L L L 7.87 ms 

3 L L H H 10.61 ms 

4 L H L L 13.35 ms 

5 L H L H 16.09 ms 

6 L H H L 18.84 ms 

7 L H H H 21.58 ms 

8 H L L L 27.07 ms 

9 H L L H 32.55 ms 

10 H L H L 38.04 ms 

11 H L H H INIT I 

t This is the time to the end of the indicated step and assumes a nominal 420·kHz ceramic resonator. 

functional block diagram 

FILT VCC 

.. 1:.;,13:..;� ____ -1..-____ -..11� 

420·kHz 
OSCILLATOR 

G 

XTAL 1 ...;1",11;.;,1 __ -1 

XTAL2 "":":':::""--1 

FILTERED SUPPLY 

FREQUENCY 
DIVIDER 

+B.5 

+4.5 

GAIN STEP 
COUNTER 

+ 

CT ;;>20B 

~>-~----+-~----------~CLR CT>16 

INTERNAL 
.-______________ -+ ____________ --' BLANKING 

BINH ,,;1:.:.16::::1 ______ -+ ____ -1 

BLANKING 
LATCH 

S 

BLNK ...:1..:.;16;;.:.1 ___ --.L ./-...... --I R 
ECHO 
LATCH 

1101 

121 

lSI 

(61 
(7) 

(41 

OSC 

XMIT 

GCA 
GCB 

GCC 

GCD 

L-------~--------------~R 
t-_......;;:(9,;,.1 ECHO REC ...:I~BI~ _____________ ~_~---__I 

S 

GND ...:13::::1~ _______________ _t 
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TL851 
SONAR RANGING CONTROL 

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

Voltage at any pin with respect to GND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Voltage at any pin with respect to VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -7 V to 0.5 V 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 1) ..... 1150 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC 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 

NOTE 1: For operation above 25°C. derate linearly at the rate of 9.2 mW/oC. 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, VCC 4.5 6.8 V 

High-level input voltage, VIH I BLNK, BINH, INIT 2.1 V 

Low-level input voltage, VIL I BLNK, BINH, INIT 0.6 V 

. Delay time, power up to INIT high 5 ms 

Operating free-air temperature, T A 0 40 °c 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

Input current BLNK, BINH, INIT VI = 2.1 V 1 mA 

High-level output current, IOH 
ECHO, OSC, GCA, 

VOH = 5.5 V 100 pA 
GCB, GCC,GCD 

Low-level output voltage, VOL 
ECHO, OSC, GCA, 

GCB, Gee,GCD 
IOL = 1.6 mA 0.4 V 

On-state output current SMIT output Va = 1 V -140 mA 

Internal blanking interval REC input 2.38' ms 

Frequency during 16-pulse transmit period 
ase output 49.4; 

kHz 
XMIT output 49.4* 

Frequency after 16-pulse transmit period 
ase output 93.3; 

kHz 
XMIT output 0 

I During transmit period 
Supply current, ICC I After transmit period 

260 

55 
mA 

tTypical values are at VCC = 5 V and TA = 26°C. 
*These typical values apply for a 420-kHz ceramic resonator. 
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TLB51 
SONAR RANGING CONTROL 

schematics of inputs and outputs 

EQUIVALENT OF BLNK, BINH, AND 
INll' INPUTS 

TYPICAL OF ECHO, OSC, GCA, GCB, 
GCC, AND GCD OUTPUTS 

XMITOUTPUT 

Vce 

OUTPUT 

5000 

STEP NO, 012345678 9 10 11 

INIT 

GCA 

GCB 

GCC 

GCD 

FIGURE 1, DIGITAL GAIN CONTROL WAVEFORMS 

VCC ~ 

INIT 

XMIT 

16 PULSES 

_----J1.I ...... 1 ---------------
BINH 

IL) 

BLNK 
IL) 

INTERNAL 
BLANKING ---... 14 .... 2.38 ms+ ... I-----------------------

REC ____________ ...J""-- "1.2 V 

(INPUT FROM TL852) 

ECHO ------------~ 
FIGURE 2. EXAMPLE OF SINGLE-ECHO-MODE CYCLE WHEN USED WITH THE 

TL852 RECEIVER AND 420-kHz CERAMIC RESONATOR 
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• Designed for Use with the TL851 in Sonar 
Ranging Modules Like the SN28827 

• Digitally Controlled Variable-Gain 
Variable-Bandwidth Amplifier 

• Operational Frequency Range of 20 kHz 
to 90 kHz 

• TTL-Compatible 

• Operates from Power Sources of 4.5 V 
to 6.8 V 

• Interfaces to Electrostatic or Piezoelectric 
Transducers 

• Overall Gain Adjustable with One External 
Resistor 

description 

TL852 
SONAR RANGING RECEIVER 

02779. SEPTEMBER 1983-REViSEO MARCH 1988 

N DUAL-iN-LINE PACKAGE 

ITOPVIEWI 

GllN GND 
XIN GCD 

GADJ GCA 
LC 4 GCB 

VCC GCC 
Gl0UT NC 

G21N NC 
BIAS REC 

NC-No internal connection 

The TL852 is an economical sonar ranging receiver integrated circuit for use with the TL851 control 
integrated circuit. A minimum of external components is required for operation, and this amplifier easily 
interfaces to Polaroid's 50-kilohertz electrostatic transducer. An external 68-kilohm ± 5% resistor from 
pin 8 (Bias) to pin 16 (GND) provides the internal biasing reference. Amplifier gain can be set with a resistor 
from pin 1 (G1IN) to pin 3 (GADJ). Required amplifier gain will vary for different applications. Using the 
detect-level measurement circuit of Figure 1, a nominal peak-to-peak value of 230 millivolts input during 
gain step 2 is recommended for most applications. For reliable operation, a level no lower than 50 millivolts 
should be used. The recommended detect level of 230 millivolts can be obtained for most amplifiers with 
an R1 value between 5 kilohms and 20 kilohms. 

Digital control of amplifier gain is provided with gain control inputs on pins 12 through 15. These inputs 
must be driven synchronously (all inputs stable within 0.1 microsecond) to avoid false receive output signals 
due to invalid logic counts. This can be done easily with the TL851 controllC. A plot showing relative 
gain for the various gain steps versus time can be seen in Figure 2. To ~ampen ringing of the 50-kilohertz 
electrostatic transducer, a 5-kilohm resistor from pin 1 (GAIN) to pin 2 (XIN) is recommended. 

An external parallel combination of inductance and capacitance between pin 4 (LC) and pin 5 (VCC) provides 
an amplifier with an externally controlled gain and Q. This not only allows control of gain to compensate 
for attenuation of signal with distance, but also maximizes noise and sidelobe rejection. Care must be taken 
to accurately tune the L-C combination at operating frequency or gain and Q will be greatly reduced at 
higher gain steps. 

AC coupling between stages of the amplifier is accomplished with a 0.01-microfarad capacitor for proper 
biasing. 

The receive output is normally held at a low level by an internal 1-microampere current source. When an 
input of sufficient amplitude is received, the output is driven alternately by the 1-microampere discharge 
current and a 50-microampere charging current. A 1 OOO-picofarad capacitor is required from the receive 
output (pin 9) to ground (pin 16) to integrate the received signal so that one or two noise pulses will not 
be recognized. 

Pin 2 (XIN) provides clamping for the transformer secondary when used for transducer transmit drive as 
shown in Figure 4 of the SN28827 data sheet. 

The TL852 is characterized for operation from OOC to 40°C 

PRODUCTION DATA dacumants contain Information 
currant a. of publication data. Praductl conform to 
specifications par the terms of Taxas Instrumants 

Copyright @ 1983, Texas Instrvments Incorporated 
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TL852 
SONAR RANGING RECEIVER 

functional block diagram 

VCC _(~5~1 ______________________________ ~ 

~50"A 

VCC-2.1V 

(71 
G21N 

GCA 
(141 ... ______ ......:;(9;;.1 REC 

GCB 
(131 

GAIN 

GCC 
(121 CONTROL 

GCD 
(151 

BIAS 
(81 

0.7 V 
(61 

G10UT 

GllN 
(11 

II GADJ 
(31 

en (41 
'C LC 
(I) 
n 
Dr XIN 

(21 

." 
C schematic of gain control inputs ::J 
n .... 

GND (161 S· GCA, GCB, GCC, AND GCD 

::J 
en VCC 

INPUT _~""",_ .... -I 

GND -------..... --.-. 
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TL852 
SONAR RANGING RECEIVER 

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

Voltage at any pin with respect to GND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Voltage at any pin with respect to VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 7 V to 0.5 V 
XIN input current (50% duty cycle) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 60 mA 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 1) ..... 11 50 mW 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -40°C to 85°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 

NOTE 1: For operation above 25°C, derate linearly at the rate of 9.2 mW/oC. 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage. VCC 4.5 6.B V 

High-level input voltage, VIH I 2.1 V 

Low-level input voltage, VIL 
I GCA, GCB, GCC, GCD 

0.6 V 

Bias resistor between pins Band 16 64 72 kll 

Operating free~air temperature, T A 0 40 °c 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

II = 40 mA 2.5 
Input clamp voltage at XIN V 

II = -40 mA -1.5 

Open-circuit input voltage 
VCC = 5 V, 

at GCA, GCB,GCC,GCD 
II = 0 2.5 V 

High-level input current, IIH, 
VCC = 5 V, 

into GCA, GCB, GCC, GCD 
VIH = 2 V -0.5 mA 

Low-level input current, IlL, 
VCC = 5 V, 

into GCA, GCB, GCC, GCD 
VIL = 0 -3 mA 

IG21N = - 100 ,.A, Vo = 0.3 V 1 
Receive output current 

IG21N = 100,.A, Vo = 0.1 V -50 
,.A 

Supply current, ICC 45 mA 

tTypical values are at VCC = 5 V and TA = 25°C. 
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TL852 
SONAR RANGING RECEIVER 

TYPICAL APPLICATION INFORMATION 

detect level VB gain step 

Detect level is measured by applying a 1 5-cycle burst of 49.4 kilohertz square wave just after the beginning 
of the gain step to be tested. The least burst amplitude that makes the REC pin reach the trip level is defined 
to be the detect level. System gain is then inversely proportional to detect level. See the test circuit in 
Figure 1. . 

Vcc 

Ll 
(8) BIAS 

(7) G21N 

68kn 

15-CYCLE 0.01 "F (6) Gl0UT 

~~~~:~LE. t-;~-4 _____ ~(5~) VCC 

AMPLITUDE 0.01 "F (4) LC 

'"."\':~;:.-.' ':~ :: ::7: 

ALL RESISTORS ±1%; % WATT 

ALL CAPACITORS ±1%. FILM 

L 1 Q > 60 at 50 kHz 

Cl Q > 500 at 50 kHz 

15 PULSES 

1000 pF 
RECj-:(:::9)-..... --lIf-...... 

NC (10) 

NC (11) 

GCC (12) 

GCB (13) 

GCA (14) 

GCD (15) 

GND (16) 

TRIP 
LEVEL 

INPUT IIII SIGNAL ------ ----------

." ,"",~,,~ 
OUTPUT _________ ---J I I ----------

I I 
I I 

COMPARATOR _________ ----'1 IL. __________ _ 
OUTPUT 

FIGURE 1. DETECT-LEVEL MEASUREMENT CIRCUIT AND WAVEFORMS 
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TL852 
SONAR RANGING RECEIVER 

TYPICAL APPLICATION INFORMATION 
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GAIN STEP TABLE 
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• Designed for Use with the TL852 in Sonar 
Ranging Modules Like the SN28828 

• Operates with Single Supply 

• Accurate Clock Output for External Use 

• Synchronous 4-Bit Gain Control Output 

• Internal 1.2-V Level Detector for Receive 

• TTL-Compatible 

• Interface to 40-kHz Piezoelectric or 
Electrostatic Transducers 

description 

TL853 
SONAR RANGING CONTROL 

02843, DECEMBER 1984-REViSED MARCH 1988 

N DUAL-iN-LINE PACKAGE 

ITOP ViEW) 

VCC BLNK 

XMIT BINH 

GND INIT 

GCD FILT 

GCA XTAL2 

CGB XTAL1 

GCC OSC 

REC ECHO 

The TL853 is an economical digital 12L ranging control integrated circuit designed for use with the Texas 
Instruments TL852 Sonar ranging receiver integrated circuit. 

The TL853 is designed for distance measurement ranging from six inches to 35 feet. The device has an 
internal oscillator that uses a low-cost external ceramic resonator, With a simple interface and a 420-kHz 
ceramic resonator, the device will drive a 40-kHz piezoelectric transducer, 

The device cycle begins when Initiate (INIT) is taken to the high logic level. There must be at least 5 ms 
from initial power up (V CC) to the first initiate signal in order for all the device internal latches to reset 
and for the ceramic-resonator-controlled oscillator to stabilize. The device will transmit a burst of 16 pulses 
each time IN IT is taken high. 

The oscillator output (OSC) is enabled by INIT. The oscillator frequency is the ceramic resonator frequency 
divided by 10.5 for the first 16 cycles (during transmit) and then the oscillator frequency changes to the 
ceramic resonator frequency divided by 4.5 for the remainder of the device cycle. 

When used with an external 420-kilohertz ceramic resonator, the device internal blanking disables the receive 
input (REC) for 2.46 ms after initiate to exclude false receive inputs that may be caused by transducer 
ringing. The internal blanking feature also eliminates echos from objects closer than 1.37 feet from the 
transducer. If it is necessary to detect objects closer than 1.37 feet. then the internal blanking may be 
shortened by taking the blanking inhibit (BINH) high, enabling the receive input. The blanking input (BLNK) 
may be used to disable the receive input and reset ECHO to a low logic level at any time during the device 
cycle for selective echo exclusion or for a multiple-echo mode of operation, 

The device provides a synchronous 4-bit gain control output (12 steps) designed to control the gain of 
the TL852 sonar ranging receiver integrated circuit. The digital gain control waveforms are shown in Figure 2 
with the nominal transition times from INIT listed in the Gain Control Output Table. 

The threshold of the internal receive level detector is 1.2 volts. The TL853 operates over a supply voltage 
range of 4.5 volts to 6.8 volts and is characterized for operation from 0 DC to 40 DC. 

Copyright © 1984, Texas Instruments Incorporated 
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TL853 
SONAR RANGING CONTROL 

GAIN CONTROL OUTPUT TABLE 

STEP 

NUMBER 
CGD GCC GCB GCA TIME (ms) FROM INITIATE!t 

0 L L L L 2.46 ms 

1 L L L H 5.2 ms 

2 L L H L 7.94 ms 

3 L L H H 10.69 ms 

4 L H L L 13.43 ms 

5 L H L H 16.17 ms 

6 L H H L 18.91 ms 

7 L H H H 21.66 ms 

8 H L L L 27.14ms 

9 H L L H 32.63 ms 

10 H L H L 38.11 ms 

11 H L H H INIT I 

tThis is the time to the end of the indicated step and assumes a nominal 420-kHz ceramic resonator. 

functional block diagram 

420-kHz 
OSCILLATOR 

G 

XTAL 1 ...;.(_11...;.) __ --1 

XTAL2 

FILT VCC 

.. (:c.13::.;) _____ -!4-_____ .. (1) 

FI LTERED SUPPL Y 

FREQUENCY 
DIVIDER 

+10.5 

+4.5 

CLR 

GAIN STEP 
COUNTER 

+ 

CT ;.208 

X>-..... --+ ... --------;CLR CT >16 

INTERNAL 
r-_______ ~~------~BLANKING 

BINH ,.,1.:.15"') ___ -+ __ -1 

BLANKING 
LATCH 

S 

BLNK ..:1.:..16:,:) ____ -L.-/}----<.----1 R 
ECHO 
LATCH 

~------b---------~R 

(10) 

(2) 

(5) 

(6) 

I7l 
(4) 
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XMIT 
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GCC 

GCD 

REC ..:1:::8)~ _____________ ~_~---~ 1-__ (9..;..) ECHO 
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TL853 
SONAR RANGING CONTROL 

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

Voltage at any pin with respect to GND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to 7 V 
Voltage at any pin with respect to VCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -7 V to 0.5 V 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 1) ..... 11 50 mW 
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 

NOTE 1: For operation above 25°C, derate linearly at the rate of 9.2 mW/oC. 

recommended operating conditions 

MIN MAX UNIT 

Supply voltage, VCC 4.5 6.B V 

High-level input voltage, VIH IBLNK, BINH, INIT 2.1 V 

Low-level input voltage, VIL IBLNK, BINH, INIT 0.6 V 

Delay time, power up to INIT high 5 ms 

Operating free-air temperature, T A 0 40 °c 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 

PARAMETER TEST CONOITIONS MIN TYpt MAX UNIT 
Input current BLNK, BINH, INIT VI - 2.1 V 1 mA 

High-level output current, IOH 
ECHO, OSC, GCA, 

VOH = 5.5 mA 100 ~A 
GCB, GCC,GCO 

Low-level output voltage, VOL 
ECHO, OSC, GCA, 

10L = 1.6 mA 0.4 V 
GCB, GCC,GCD 

On-state output current XMIT output Vo = 1 V -140 mA 

Internal blanking interval REC input 2.46* ms 

Frequency during 16-pulse transmit period 
OSC output 40* 
XMIT output 40* 

kHz 

Frequency after 16-pulse transmit period 
OSC output 93.3* 

XMIT output 
kHz 

0 

Supply current, ICC 
I During transmit period 260 

I After transmit period 
mA 

55 

tTypical values are at VCC = 5 V and T A = 25°C. 
*These typical values apply for a 420-kHz ceramic resonator. 
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TL853 
SONAR RANGING CONTROL 

schematics of inputs and outputs 

EQUIVALENT OF BLNK, BINH, AND 
INIT INPUTS 

TYPICAL OF ECHO, OSC, GCA, GCB, 
GCC, AND GCD OUTPUTS 

XMITOUTPUT 

VCC 

OUTPUT 

500 fl 

STEP NO. 012345678 9 10 11 

INIT 

GCA 

GCB 

GCC 

GCO 

FIGURE 1. DIGITAL GAIN CONTROL WAVEFORMS 

VCC ~ 

INIT 

XMIT 

16 PULSES 

_---11.1.1-1 ---------------
BINH 

III 

IL) 
BLNK 

INTERNAL 
BLANKING 

___ ... I •• "'2.46ms .. IL ______________________ _ 

REC 
__________ .....Jf'.::.-- "'1.2 V 

(INPUT FROM TL852) 

ECHO -----------------~ 
FIGURE 2. EXAMPLE OF SINGLE-ECHO-MODE CYCLE WHEN USED WITH THE 

TL852 RECEIVER AND 420-kHz CERAMIC RESONATOR 
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• Magnetic-Field Sensing Hall-Effect Input 

• On-Off Hysteresis 

• Small Size 

• Standard Bipolar Technology Minimizes ESD 
Susceptibility 

• IOL", 20 mA Min at VOL = 0.4 V 

• IOH", 1 /LA Max at VOH = 24 V 

• Buried Hall-Effect Cell Reduces Threshold 
Drift Caused by Temperature Variation and 
Aging 

• Direct Replacement for the Sprague 
UGN3013 

description 

The TL3013C is a low-cost magnetically 
operated electronic switch that utilizes the Hall 
effect to sense magnetic fields. Each circuit 
consists of a Hall-effect sensor, signal 
conditioning and hysteresis functions, and an 
output transistor integrated into a monolithic 
chip. The outputs of these circuits can be directly 
connected to many different types of electronic 
components, 

The TL30 13C is characterized for operation over 
the temperature range of OOC to 70°C. 

functional block diagram 

r 
I 
I 
I 
I 
I 
I 
L 

VCC 

TL3013C 
SILICON HALL-EFFECT SWITCH 

02903, SEPTEMBER 1985-REVISED APRIL 1988 

LU PACKAGE 
(TOP VIEWI 

[n OUTPUT 

I 

[]: GROUND 
I 

nl Ll VCC 

0.48 mm (0.019 inl ~~ 
0.43 mm (0.017 inl 

CHIP FACE 

FUNCTION TABLE (O°C :5 TA :5 70 0 CI 

FLUX DENSITY OUTPUT 

8 :5 2.5 mT (25 GI Off 

2.5 mT (25 GI < B < 45 mT (450 GI Undefined 

8 > 45 mT (450 GI On 

The unit of magnetic density in the International System of 
Units (511 is the tesla (TI. The tesla is equal to one weber 
per square meter. Values expressed in milliteslas may be 
converted to gauss (GI by multiplying by ten. 

-= GROUND 

TTL 
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TL3013C 
SILICON HALL-EFFECT SWITCH 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 V 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 V 
Output current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 rnA 
Magnetic flux density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260 DC 

NOTE 1. Voltage values are with respect to the network ground terminal. 

electrical characteristics over operating free-air temperature range, Vee 
otherwise noted) 

PARAMETER TEST CONDITIONS 

BOp Operate-point magnetic flux density (see Figure 2) 

BRP Release-point magnetic flux density (see Figure 2) 

Bhvs Hysteresis IBOp - BRP) 

"B Temperature coefficient of BOp and BRP 

VOL Low-level output voltage IOL ~ 20 mA 

IOH High-level output current VOH - 24 V 

ICC Supply current 

4.5 V to 24 V (unless 

MIN TYP MAX UNIT 

30 45 mTt 

2.5 22.5 mT 

3 7.5 mTt 

±0.25 %/OC 

0.4 V 

1 ~A 

3 7 mA 

tThe unit of magnetic density in the International System of Units (51) is the tesla (T). the tesla is equal to one weber per square meter. 
Values expressed in milliteslas may be converted to gauss (G) by multiplying by ten. 

vo MIN MAX 

BRP BOp 

I BRP BOp 
VOH 

i 
s 

B 

I 
I 
I 
I 
I 

---
Bhys 4-

I 

CHIP FACE 

I 
I 
I 

~ VOL 
B o 

o 2.5 mT 45 mT 

FIGURE 1. DEVICE ORIENTATION IN A 
MAGNETIC FIELD 

FIGURE 2. REPRESENTATIVE CURVE OF Vo vs B 

switching characteristics at Vee 12 V, TA = 25°e (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Output rise time 350 
RL ~ 820 fl, CL ~ 20 pF 

tf Output fall time 85 
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• Magnetic-Field Sensing Hall-Effect Input 

• On-Off Hysteresis 

• Small Size 

• Standard Bipolar Technology Minimizes ESD 
Susceptibility 

• 10L ... 20 rnA Min at VOL = 0.4 V 

• 10H ... 1 /l-A Max at VOH = 24 V 

• Buried Hall-Effect Cell Reduces Threshold 
Drift Caused by Temperature Variation and 
Aging 

• Direct Replacement for the Sprague 
UGN3019 

description 

The TL3019C is a low-cost magnetically 
operated electronic switch that utilizes the Hall 
Effect to sense magnetic fields. Each circuit 
consists of a Hall-Effect sensor, signal 
conditioning and hysteresis functions, and an 
output transistor integrated into a monolithic 
chip. The outputs of these circuits can be directly 
connected to many different types of electronic 
components. 

The TL3019C is characterized for operation over 
the temperature range of O°C to 70°C. 

functional block diagram 

TL3019C 
SILICON HALL-EFFECT SWITCH 

JULY 1985-REVISED APRIL 1988 

LU PACKAGE 
(TOP VIEWI 

\ Gl OUTPUT 

\ n ~ 
I LJ I GROUND 
, I 

I n I Lj VCC 

O.4S mm (0.019 inl ~I 
0.43 mm (0.017 inl If-

CHIP FACE 

FUNCTION TASLE (OOC s TA s 70 0 CI 

FLUX DENSITY OUTPUT 

B s 12.5 mT (125 G) Off 

12.5 mT (125 G) < B < 50 mT (500 G) Undefined 

B '" 50 mT (500 G) On 

The unit of magnetic density in the International System of 
Units (51) is the tesla (T). The tesla is equal to one weber 
per square meter. Values expressed in milliteslas may be 
converted to gauss (G) by multiplying by ten. 
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TL3019C 
SILICON HALL·EFFECT SWITCH 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 V 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 mA 
Magnetic flux density ............................................. ". . . . .. unlimited 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe 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 

NOTE 1. Voltage values are with respect to the network ground terminal. 

electrical characteristics over operating free-air temperature range. Vee - 4.5 V to 24 V (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Bop Operate-point magnetic flux density (see Figure 2) 42 50 mTt 

BRP Release-point magnetiC flux density (see Figure 2) 12_5 30 mTT 

Bhys Hysteresis (BOp - BRP) 5 12 mTT 

"'B . Temperature coefficient of BOp and BRP ±0.25 %/OC 

VOL Low-level output voltage IOL - 20 mA 0.4 V 

IOH High-level output current VOH - 24 V 1 ~A 

ICC Supply current 3 7 mA 

tThe unit of magnetic density in the International Systam of Units 151) is the tesla (T). The tesl. is equal to one weber per square meter. 
Values expressed in milliteslas may be converted to gauss (G) by multiplying by ten. 

Vo MIN MAX 

BRP BOp 

I BRP BOp 
I 
I 

VOH 

I I 
I 

I I 
I I 
I I 
I I 
I -t Bhy. ... I 
I I 
I I 
I I 
I I 
! I 

VOL 
B o 

o 12.5 mT 50 mT 

FIGURE 1. DEVICE ORIENTATION IN A 
MAGNETIC FIELD 

FIGURE 2. REPRESENTATIVE CURVE OF Vo vs B 

switching characteristics at Vee 
L PARAMETER 

Output rise time 

Output fall time 

4-168 

12 V. TA - 25 0e (unless otherwise noted) 

TEST CONDITIONS 

RL = 820 !l, CL = 20 pF 
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• Magnetic-Field Sensing Hall-Effect Input 

• On-Off Hysteresis 

• Small Size 

• Standard Bipolar Technology Minimizes ESD 
Susceptibility 

• 10L ... 20 mA Min at VOL - 0.4 V 

• 10H ... 1 p.A Max at VOH - 24 V 

• Buried Hall-Effect Cell Reduces Threshold 
Drift Caused by Temperature Variation and 
Aging 

• Direct Replacement for the Sprague 
UGN3020 

description 

The TL3020e is a low-cost magnetically 
operated electronic switch that utilizes the Hall 
effect to sense magnetic fields. Each circuit 
consists of a Hall-effect sensor, signal 
conditioning and hysteresis functions, and an 
output transistor integrated into a monolithic 
chip. The outputs of these circuits can be directly 
connected to many different types of electronic 
components. 

The TL3020e is characterized for operation over 
the temperature range of ooe to 70 oe. 

functional block diagram 

PRODUCTION DATA documlnts cantain informllio. 
curnot a. 01 publlclllo. d.ta. Produeta cD.larm tD 

SIGNAL 
CONDITIONING 

AND HYSTERESIS 

TL3020C 
SILICON HALL-EFFECT SWITCH 

02903. OCTOBER 1985-REVISED APRIL 1988 

LU PACKAGE 
(TOP VIEW) 

n, OUTPUT 
, LJ I 

\ rl: 
I LJ I GROUND 
I I 

I rl I 

cj-II VCC 

0.48 mm (0.019 in) ~~ 
0,43 mm (0.017 in) 

CHIP FACE 

FUNCTION TABLE (DoC" TA " 70°C) 

FLUX DENSITY OUTPUT 

B" 5 mT (50 GI Off 

5 mT (50 GI < B < 35 mT (350 GI Undefined 

B ;;, 35 mT 1350 GI On 

The unit of magnetic density in the International System of 
Units (SI) is the tesla (T). The tesla is equal to one weber 
per square meter. Values expressed in milliteslas may be 
converted to gauss IG) by multiplying by ten. 

V+ 

= GROUND 

TTL 
CMOS 
MOS 
TRANSISTORS 
SCRs 
TRIACS 
RELAYS 

Copyright @ '985, Texas Instruments Incorporated 

II 
en 
C o 

',j:i 
CJ 
C 
:::I .. 
ca 
'(3 
CD 
C. 

CI) 

:r."::~:.1t~:~,r' .t~~.:::rO~P=i~':'J::·:: 
....... '11' i.ol':.'1. talli.g 01 .n p.,.mlll, •. 

TEXAS ." 
INSTRUMENTS 

4-169 

POST OFFICE BOX 655012 • DALLAS, TEXAS 75265 



II 
en 
'C 
CD 
n 
Dr 

"" c 
:::::I 
n ... 
c)" 
:::::I 
en 

TL3020C 
SILICON HALL-EFFECT SWITCH 

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

Supply voltage, Vee (see Note 1) .............................................. 40 V 
Output voltage .......................................................... " 40 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 rnA 
Magnetic flux density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe 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 

NOTE 1. Voltage values are with respect to the network ground terminal. 

electrical characteristics over operating free-air temperature range, Vee 
otherwise noted) 

PARAMETER TEST CONDITIONS 

BOp Operate-point magnetic flux density (see Figure 2) 

BRP Release·point magnetic flux density (see Figure 2) 

Bhys Hysteresis (BOp - BRPI 

aB Temperature coefficient of BOp and BRP 

VOL Low-level output voltage IOL ~ 20 mA 

IOH High-level output current VOH ~ 24 V 

ICC Supply current 

4.5 V to 24 V (unless 

MIN TYP MAX UNIT 

22 35 mTt 

5 16.5 mTt 

2 5.5 mTt 

±0.25 %/oC 

0.4 V 

1 ~A 

3 7 mA 

tThe unit of magnetic density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square meter. 
Values expressed in milliteslas may be converted to gauss (G) by multiplying by ten. 

Vo MIN MAX 

BRP BOp 

I BRP BOp 
I 
I 

VOH 

I I 
I 

I I 
I I 
I I 
I I 
I ~ Bhys ~ I 
I I 
I I 
I I 
I I 
I I 

VOL I B o 
o 5 mT 36 mT 

FIGURE 1. DEVICE ORIENTATION IN A 
MAGNETIC FIELD 

FIGURE 2. REPRESENTATIVE CURVE OF Vo vs B 

switching characteristics at Vee 12 V, TA -= 25°e (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX 

Output rise time 350 
RL ~ 820 II, CL ~ 20 pF 

tf Output fall time 85 
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• Magnetic-Field Sensing Hall-Effect Input 

• On-Off Hysteresis 

• Small Size 

• Solid-State Technology 

• Open-Collector Output 

• Buried Hall-Effect Cell Reduces Threshold 
Drift Caused By Temperature Variation and 
Aging 

TL3101l, TL31 01 C 
SILICON HALL·EFFECT SWITCH 

APRIL 1985-REVISED APRIL 1988 

LU PACKAGE 

ITOPVIEWI 

,...---., 

\ 
[Ji , :1 

I r-: I ,J' I 
" J r4 I 

l}J 

VCC 

GROUND 

OUTPUT 

description 
'--

0,48 mm 10.019 inl -.. j.. 
0.43 mm (0.017 inl 

The TL31011 and TL3101C are low-cost 
magnetically operated electronic switches that 
utilize the Hall Effect to sense steady-state 
magnetic fields. Each circuit consists of a Hall­
Effect sensor, signal conditioning and hysteresis 
functions, and an output transistor integrated 
into a monolithic chip. The outputs of these 
circuits can be directly connected to many 
different types of electronic components. 

The TL31 01 C is characterized for operation over 
the temperature range of OOC to 70°C. The 
TL31 011 is characterized for operation over the 
range of -20°C to 85°C. 

FUNCTION TABLE O·C " TA S 70·C 

FLUX DENSITY OUTPUT 

S -25 mT Off 

- 25 mT < B < 25 mT Undefined 

" 25 mT On 

functional block diagram 
VCC 

~---------------------I 
I I 

'-CHIP FACE 

V+ 

I 
I 
I 
I 
I 
I 
I 

.----4-4~OUTPUT 

SILICON 
HALL-EFFECT 

SENSOR 

SIGNAL 
CONDITIONING 

AND HYSTERESIS 

I I L ___________________ J 
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Tl31011. Tl3101C 
SILICON HALL-EFFECT SWITCH 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30 V 
Output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 mA 
Operating free-air temperature range: TL3101e ............................. ooe to 70 0 e 

TL31011 .............. -20 oe to 85°e 
Storage temperature range ......................................... - 65 °e to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . 260 0 e 
Magnetic flux density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. unlimited 

NOTE 1: Voltage values are with respect to network ground terminal. 

electrical characteristics at specified free-air temperature, Vee 5 V ± 5% (unless otherwise noted) 

IOH 

VOL 

ICC 

PARAMETER 

Threshold of positive going 

magnetic flux density t 

Threshold of negative going 

magnetic flux density t 

Hysteresis 

High-level output current 

Low-level output voltage 

Supply current 

TEST CONDITIONS 

VOH ~ 20 V 

VCC ~ 4.75, IOL ~ 16 rnA 

VCC ~ 5.25 V I Output low 
I Output high 

ooC to 70°C 

-20°C to 85°C 

O°C to 70°C 

-20°C to 85°C 

O°C to 70°C 

ooC to 70°C 

O°C to 70°C 

O°C to 70°C 

MIN TYP MAX UNIT 

o 25 

o 35 

o 
o 

5 20 

100 ~A 

0.4 V 

6 
rnA 

4 

tThreshold values are those levels of magnetic flux density at which the output changes state. For the TL31 01, a level more positive 
than 8T + causes the output to a low level and a level more negative than BT _ causes the output to go to a high level. See Figures 1 and 2 . 

.tThe algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for flux density threshold 
levels only. 

§The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square 
meter. Values expressed in milliteslas may be converted to gauss by multiplying by ten. 

N 

_-I--"""S 
N 

CHIP FACE 

The north pole of a magnet is the pole 
that is attracted by the geographical 
north pole. The north pole of a magnet 
repels the north-seeking pole of a 
compass. By accepted magnetic con­
vention, lines of flux emanate from the 
north pole of a magnet and enter the 
south pole. 

FIGURE 1. DEFINITION OF 
MAGNETIC FLUX POLARITY 

Vo 

off 

__ ~B~T~~::o:n:t:::::::::::VOL 
o 

B (mTi 

The positive-going threshold (8T+) is a positive B level at which a positive-going flux 
density results in the TL31 01 output turning on. The negative-going threshold is negative 
B level at which a negative-going flux density results in the TL31 01 turning off. 

FIGURE 2. REPRESENTATIVE CURVES OF Vo vs B 
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• Output Voltage Linear with Applied 
Magnetic Field 

• Sensitivity Stable Over Wide Operating 
Temperature Range 

• Buried Hall Cell Reduces Changes Due to 
Temperature Variation and Aging 

• Solid-State Technology 

• Three-Terminal Device 

• Senses Static or Dynamic Magnetic Fields 

TL31031, TL3103C 
LINEAR HALL-EFFECT SENSORS 

03184. MAY 1985-REVISEO FEBRUARY 1989 

LU PACKAGE 

(TOPVIEWI 

, , 
,: 

0,48 mm (0.019 in.) 
0,43 mm (0.017 in.) 

[Ji 
: : 

fil 
.J , ., 
r~ I 
lj...J 

VCC 

GROUND 

OUTPUT 

CHIP FACE 

description 

The TL31031 and TL3103C are low-cost 
magnetic-field sensors designed to provide a 
linear output voltage proportional to the 
magnetic field they sense. These monolithic 
circuits incorporate a Hall element as the primary 
sensor along with a voltage reference and a 
precision amplifier. Temperature stabilization and 
internal trimming circuitry yield a device that 
features high overall sensitivity accuracy with 
less then 5% error over its operating temperature 
range. 

functional block diagram 

The TL31 031 is characterized for operation from 
- 20°C to 85°e. The TL3103C is characterized 
for operation from O°C to 70°C. 

SILICON 
HALL-EFFECT 

SENSOR 

VCC 

GROUND 

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

Supply voltage, Vec (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) ........ 775 mW 
Operating free-air temperature range: TL31031 ........................... -20 oe to 85°e 

TL3103e ............................. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150 0 e 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 
Magnetic flux density .................................................. " unlimited 

NOTES: 1. Voltage values are with respect to network ground terminal. 
2. For operation above 25°C free-air temperature, derate linearly at the rate of 6.2 mW/oC. 

PROOUeTiO. DATA ......... Is contain iafarmltion 
• umat II ., publiCltion data. P,oducts conlo, .. to 
spacifications per the terms of T 1.1. Iistrumenis 
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TL31031. TL3103C 
LINEAR HALL~EFFECT SENSORS 

recommended operating conditions 

TL31 031 TL3103C 

MIN NOM MAX MIN NOM MAX 
UNIT 

Supply voltage, Vee 9 12 15 9 12 15 V 
Magnetic flux density, B ±50 ±50 mT 

Output current, 10 
I Sink 0.5 0.5 

I Source 
mA 

-2 -2 

Operating free-air temperature, T A -20 85 0 70 ·e 

electrical characteristics over recommended ranges of supply voltage and magnetic flux density. 
T A - 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP* MAX UNIT 

Va Output voltage 10 = -2 mA to 0.5 mA, 5.8 6 6.2 V 

kSVS Supply voltage sensitivity (aVIO/.:l.vee) B = 0 mT§ 18 mV/V 

S Magnetic sensitivity (aVO/aB) B = - 50 to 50 mT9 14 16 18 V/T§ 

as Magnetic sensitivity change with temperature aTA = 25·e to MIN or MAX ±5 % 

ICC Supply current B - 0 mT§, 10 - 0 8 12 mA 

fmax Maximum operating frequency 100 kHz 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*Typical values are at Vee = 12 V at T A = 25 ·e. 
§The unit of magnetic flux density in the International System of Units (SI) is the tesla (T). The tesla is equal to one weber per square 
meter. Values expressed in milliteslas may be converted to gauss by mUltiplying by ten, e.g., 50 millitesla = 500 gauss. 

OUTPUT VOLTAGE 
vs 

MAGNETIC FLUX DENSITY 
S 7 

s 
N 6.8 

6.6 

CHIP FACE > 
I 6.4 .. 
!:II 

11 6.2 
0 
> 

6 The north pole of a magnet is the pole that is attracted by the = geographical north pole. The north pole of a magnet repels the north- 0. 

seeking pole of a compass. By accepted magnetic convention, lines = 5.8 
of flux emanate from the north pole of a magnet and enter the south 0 

I 
pole. 0 5.6 

> 
FIGURE 1. DEFINITION OF MAGNETIC 5.4 

FLUX POLARITY 5.2 

Vee - 12 V V 
TA - 25 0 e TY~leAL ---, /V /' I 1 

UPPER BOUNDARY-¥ ~ V /: 

/ ./ 
V V 

/' /' V 
/ V / 

V /' 
V ~ LOWER BOUNDARY 

"" / V 
V vV 

5 / 
-50-40-30-20-10 0 10 20 30 40 50 

B-Magnetic Flux Density-mT 
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TL31031, TL3103C 
LINEAR HALL·EFFECT SENSORS 

TYPICAL APPLICATION DATA 

The circuit in Figure 3 may be used to set the output voltage at zero field strength to exactly 6 V (using 
R1) and to set the sensitivity to exactly -15 V/T (using R2) as depicted in Figure 4. 

12 V 

10 k!l 

3.9 k!l 
TL3103 

OUTPUT 
R1 

2.5 k!l 

10 k!l 

FIGURE 3. COMPENSATION CIRCUIT 

6.2 

6.1 

6 

5.9 

5.8 
8 

OUTPUT VOLTAGE 
vs 
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TL31031, TL3103C 
LINEAR HALL·EFFECT SENSORS 
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TYPICAL APPLICATION DATA 
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linear hall-effect sensor in isolated feedback applications 

purpose 

-r-... .......... 
....... 

" 
25 50 

TA-Free-Air Temperature- °e 
FIGURE 8 

76 

The purpose of the circuit in Figure 9 is to demonstrate the capability of the linear hall-effect sensor to 
provide isolated sensing. 

12 V 

PWM CONTROL 
CIRCUIT 

Vo 

TL3103 
SENSOR 

FIGURE 9. ISOLATE FEEDBACK 
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linear sensor 

TL31031. TL3103C 
LINEAR HALL·EFFECT SENSORS 

The TL3103 senses the presence of a magnetic field. In the absence of a magnetic field, the TL3103 output 
voltage is 6 V. As the sensor senses the presence of a magnetic field, its output varies proportionally 
at 16VIT. 

toroid 

The permeability (IL) of any given material is the relationship of the magnetic flux density (B) to the magnetic 
field intensity (H). The magnetic field intensity of a toroid is given by the expression: 

H =!!! 
L 

Where: NI is number of turns times the current. 
L is mean length of the toroid. 

The expression for the magnetic flux density then becomes: 

NI 
B=ILT 

With an air gap, the basic expression is altered to the following: 

NI 
Bgap = 1L0 --- K 

L + Kg 

Where: 1L0 is the permeability of air = 12.57 x 10-7. 
K is the relative permeability of the toroid (1L11L0), 
g is the length of the air gap in mils. 

(1 ) 

(2) 

(3) 

If the relative permeability of the toroid is large (Kg > K), the mean length of the toroid becomes insignificant 
and the expression for flux density reduces to: 

NI 
Bgap = 1L0-g (4) II 

circuit 

As previously discussed, the output of the TL3103 is: 

NI 
Vsense = 6 V + (16 V/T) (1L0 9 ) (5) 

This shows how the output of the TL3103 varies with the ampere turns of the toroid. For some relative 
numbers, Figure 9 uses an Arnold toroid #A393163-2 with a 156-mil air gap. The magnetic field created 
in the air gap is: 

B (gauss) = 1.92 NI (ampere turns) (6) 

Therefore, the variation in the output of the TL31 03 is: 

AVsense (mV) = (1.6) (1.92NI) (7) 

The sensitivity of the TL31 03 to the current in the windings can therefore be altered by the number of 
turns composing the windings. 

AVI • n• e N AI 
614rnV 20 10 rnA 
614 mV 200 1 mA 

614 mV 2000 100 ~A 
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TL31031, TL3103C 
LINEAR HALL~EFFECT SENSORS 

power supply application 

Since the output of the TL31 03 varies proportionally to the current flow in the toroid, this leads to the 
obvious application of current sensing. The features. presented by this approach are as follows: 

1. Minimum power loss in the sensing element: 

P'oss = 12Rtoroid (R < 0.01 (l for 20 turns) (8) 

2. Isolated feedback, no passive connection required. 

Another application of this concept provides a linear isolated feedback of the output voltage. This is 
accomplished by connecting a resistor in series with the toroid terminated to ground. In this configuration, 
the current in the toroid is determined by the output voltage (IS = VO/RS), therefore, the output variation 
of the TL31 03 is proportional to the output voltage. 
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• Very Low Power Consumption ... 1 mW 
Typ at VDD = 5 V 

• Capable of Operation in Astable Mode 

• CMOS Output Capable of Swinging Rail to 
Rail 

• High Output-Current Capability 
... Sink 100 rnA Typ 
... Source 10 rnA Typ 

• Output Fully Compatible with CMOS. TTL. 
and MOS 

• low Supply Current Reduces Spikes During 
Output Transitions 

• High-Impedance Inputs ... 1012 (J Typ 

• Single-Supply Operation from 1 V to 18 V 

• Functionally Interchangeable with the 
NE555; Has Same Pinout 

description 

The TLC551 is a monolithic timing circuit 
fabricated using TI's LinCMOS" 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. 

TLC551C 
LinCMOS" TIMER 

02791. FEBRUARY 1984-REVISEO MAY 1988 

D OR P PACKAGE 

ITOP VIEW) 

GND[]S VDD 
TRIG 2 7 DSCH 
OUT 3 6 THRES 

RESET 4 5 CONT 

functional block diagram 

VDD 
IS) CONTROL 

15) 
R 

(6) 

THRESHOLD 

(2) 

TRIGGER 
R 

11I...-----------='"T DISCH~~GE 
GND 

Reset can override Trigger. which can override Threshold. 

Like the NE555. the TLC551 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 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 rnA and sourcing over lOrnA. the TLC551 exhibits 
greatly reduced supply-current spikes during output transitions. This minimizes the need for the large 
decoupling capacitors required by the NE555. 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 V as tested under Mll-STD-883C. Method 3015.2. 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 TLC551C is characterized for operation from OOC to 70°C. 

LinCMOS is a trademark of Texas Instruments. 

Copyright @ 1984, Texas Instruments Incorporated 
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TLC551C 
LinCMOS™ TIMER 

AVAILABLE OPTIONS 

VTMAX 
PACKAGE 

TA SMALL-OUTLINE PLASTIC DIP 
AT 25°C 

(D) (P) 

DoC 

to 3.8 V TLC551CD TLC551CP 

70°C 

o package is available taped-and-reeled. Add "R" suffix to 
device type when ordering (i.e. TLC551CDR). 

FUNCTION TABLE 

RESET TRIGGER THRESHOLD 
OUTPUT 

DISCHARGE 

VOLTAGEt 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) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.3 V to VDD 
Sink current, discharge or output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 150 rnA 
Source current, output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 rnA 
Continuous total dissipation at (or below) 25°C free-air temperature .....•........... 460 mW 
Operating free-air temperature range ...................................... OOC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1116 inch) from case for 10 seconds: D or P package. . . . . . . .. 260°C 

NOTE 1: All voltage values are with respect to network ground terminal. 
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electrical characteristics at specified free-air temperature. VOO 1 V 

PARAMETER 

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 

tFull range (MIN to MAX) is ooe to 70 oe. 

TEST CONDITIONSt 

25°C 

Full range 

25°C 
MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

MAX 

25°C 
IOL ~ 100 ~A 

Full range 

25°C 

MAX 

IOL ~ 100 ~A 
25°e 

Full range 

IOH ~ -10 ~A 
25°e 

Full range 

25°e 

Full range 

TEXAS • 
INSTRUMENlS 
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MIN 

0.475 

0.45 

0.15 

0.1 

0.4 

0.3 

0.6 

0.6 

TLC551C 
LinCMOS" TIMER 

TYP MAX UNIT 

0.67 0.85 

0.875 
V 

10 

75 
pA 

0.33 0.425 
V 

0.45 

10 

75 
pA 

0.7 1 
V 

1 

10 

75 
pA 

66.7% 

0.02 0.15 

0.2 
V 

0.1 

0.5 
nA 

0.03 0.2 

0.25 
V 

0.98 
V 

15 100 
150 

~A 

en 
C o 

"+" u 
C 
j 

U. 
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TLC551C 
LinCMOS™ TIMER 

electrical characteristics at specified free-air temperature, Voo -= 2 V 

II 

." 
I: = (') 
r+ 
0' 
= (I) 

PARAMETER 

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 

tFull range (MIN to MAX) is O"C to 70"C. 

4-182 

TEST CONDITIONst 

2S"C 
Full range 

2S"C 

MAX 

2S"C 

Full range 

2S"C 

MAX 

25"C 

Full range 

25"C 

MAX 

MAX 

2S"C 
IOL = 1 rnA 

Full range 

2S oC 

MAX 

IOL = 1 rnA 
2S"C 

Full range 

IOH = -300 pA 
2S"C 

Full range 

2S"C 

Full range 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 665012 • DALLAS, TEXAS 76266 

MIN TYP MAX UNIT 

0.9S 1.33 1.6S 
V 

0.85 1.7S 

10 
pA 

75 

0.4 0.67 0.95 
V 

0.3 LOS 

10 

7S 
pA 

0.4 1.1 1.5 
V 

0.3 1.8 

10 

75 
pA 

66.7% 

0.03 0.2 

0.25 
V 

0.1 
0.5 

nA 

0.07 0.3 

0.35 
V 

1.5 1.9 

1.5 
V 

65 250 
400 

pA 



electrical characteristics at specified free-air temperature, Voo = 5 V· 

PARAMETER TEST CONDITIONSt 

Threshold voltage level 
25°e 

Full range 

Threshold current 
25°e 

MAX 

Trigger voltage level 
25°e 

Full range 

Trigger current 
25°e 

MAX 

Reset voltage level 
25°e 

Full range 

Reset current 
25°e 

MAX 

Control voltage (open-circuit) as a 
MAX 

percentage of supply voltage 

Discharge switch on-state voltage IOL ~ 10 mA 
25°C 

Full range 

Discharge switch off-state current 
25°e 

MAX 

IOL ~ 8 mA 
25°C 

Full range 

Low-level output voltage IOL ~ 5 mA 
25°C 

Full range 

IOL ~ 3.2 mA 
25°e 

Full range 

High-level output voltage IOH ~ -1 mA 
25°C 

Full range 

Supply current 
25°C 

Full range 

tFull range (MIN to MAXI is ooe to 70 oe. 

TEXAS ." 
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MIN 

2.8 

2.7 

1.36 

1.26 

0.4 

0.3 

4.1 

4.1 

TLC551C 
LinCMOS'" TIMER 

TYP MAX UNIT 

3.3 3.8 
V 

3.9 

10 

75 
pA 

1.66 1.96 
V 

2.06 

10 

75 
pA 

1.1 1.5 
V 

1.8 
10 

75 
pA 

66.7% 

0.14 0.5 
V 

0.6 

0.1 

0.5 
nA 

0.21 0.4 

0.5 

0.13 0.3 
V 

0.4 

0.08 0.3 

0.35 

4.8 
V 

170 350 

500 
~A 
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TLC551C 
LinCMOS1Tll TIMER 

electrical characteristics at specified free-air temperature, Voo .. 15 V 

• en 
"C 
~ 
() 

PARAMETER 

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 

!: tFull range (MIN to MAX) is a °C to 70 °C. 

4-184 

TEST CONDITIONSt 

25°C 
Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 
MAX 

MAX 

IOl = 100 mA 
25°C 

Full range 

25°C 

MAX 

IOl = 100 mA 
25°C 

Full range 

25°C 
IOl = 50 mA 

Full range 

IOl = 10 mA 
25°C 

Full range 

IOH = -10 mA 
25°C 

Full range 

IOH = -5 mA 
25°C 

Full range 

25°C 
IOH = -1 mA 

Full range 

25°C 

Full range 

TEXAS ", 
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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 

1.8 
V 

0.1 

0.5 
nA 

1.28 3.2 

3.6 

0.63 1 

1.3 
V 

0.12 0.3 

0.4 

12.5 14.2 

12.5 

13.5 

13.5 

14.6 
V 

14.2 14.9 

14.2 

360 600 

800 
p.A 



electrical characteristics at specified free-air temperature. Voo - 18 V 

PARAMETER TEST CONDITIONSt MIN 

Threshold voltage level 
25°C 11.4 

Full range 10.9 

Threshold current 
25°C 

MAX 

Trigger voltage level 
25°C 5.6 

Full range 5.5 

Trigger current 
25°C 

MAX 

Reset voltage level 
25°C 0.4 

Full range 0.3 

Reset current 
25°C 

MAX 

Control voltage (open-circuit) as a 
MAX 

percentage of supply voltage 

Discharge switch on-state voltage IOL = 100 mA 
25°C 

Full range 

Discharge switch off-state current 
25°C 

MAX 

Low-level output voltage IOL = 3.2 mA 
25°C 

Full range 

High-level output voltage 
25°C 17.3 

IOH = -1 mA 
Full range 17.3 

Supply current 
25°C 

Full range 

tFuli range (MIN to MAXI is O°C to 70°C. 

operating characteristics. VOO = 5 V. TA -= 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

Initial error of timing interval t VDD = 5 V to 15 V, 

Supply voltage sensitivity RA = RB = 1 kO to 100 kO, 

of timing interval CT=0.1p.F, See Note 2 

Output pulse rise time 

Output pulse fall time 
RL = 10 MO, CL = 10 pF 

Maximum frequency in RA = 470O, RB = 200O, 
1.2 

astable mode CT = 200 pF, See Note 2 

TLC551C 
LinCMOSIM TIMER 

TYP MAX UNIT 

12 12.6 

12.7 
V 

10 

75 
pA 

6 6.4 

6.5 
V 

10 

75 
pA 

1.1 1.5 

1.8 
V 

10 

75 
pA 

66.7% 

0.72 1.5 

1.6 
V 

0.1 

0.5 
nA 

0.04 0.3 

0.35 
V 

17.9 
V 

420 600 

800 
p.A 

TYP MAX UNIT 

1% 3% 

0.1 0.5 %/V 

20 75 

15 60 
ns 

1.8 MHz 

iTiming interval error is defined as the difference between the measured value and the nominal value of a random sample. 
NOTE 2: RA, AB. and CT are as defined in Figure 1. 
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TYPICAL APPLICATION DATA 

Voo 

Voo 

"'--~OISCH 

OUT 1----4 .... - IOUTPUT 
RS 

THRES 

...... _~TRIG 

CTl' 
GNO r 

FIGURE 1. CIRCUIT FOR ASTABLE OPERATION 
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• Very Low Power Consumption, , . 2 mW 
Typ at VDD - 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 

• High-Impedance Inputs, , . 1012 0 Typ 

• Single-Supply Operation from 1 V to 18 V 

• Functionally Interchangeable with the 
NE556; Has Same Pinout 

description 

The TLC552 is a monolithic timing circuit 
fabricated using TI's LinCMOS'" 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 the output is low, The reset input 

TLC552C 
DUAL LinCMDSTM TIMER 

02796, FEBRUARY 1984-REVISED MAY 1988 

D OR N PACKAGE 

(TOP VIEW) 

T(MER {T~~~~ ~~~~S} 
# 1 RESET CaNT TIMER 

OUT RESET #2 
TRIG OUT 

GND """1-_---'r- TRIG 

functional block diagram leach timer) 

VDD RESET 
CONTROL 

R 

THRESHOLD 

TRIGGER 
R 

~ ______ ---4~T,---=-:-::=-:-::-:: 
DISCHARGE GND 

Aeset can override Trigger and Threshold. 

Trigger can override Threshold. 

AVAILABLE OPTIONS 

SYMBOLIZATION 
OPERATING 

DEVICE I P:~:~~E TEMPERATURE RANGE 

TLC552CI D,N OOC to 70·C 

VTMAX 

at 25°C 

3.8 mV 

The D packages are available taped and reeled. Add the suffix R to 
the device type when ordering. (i.e. TLC552CDRI 

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 milliamperes and sourcing over 10 milliamperes, 
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. 

Copyright @ 1984, Texas Instruments Incorporated 
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TLC552C 
DUAL LinCMOSTM TIMER 

description (continued) 

These devices have internal electrostatic discharge (ESD) protection circuits that will prevent catastrophic 
failures at voltages up to 2000 volts 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 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 OOC to 70°C. 

FUNCTION TABLE 

RESET TRIGGER THRESHOLO DISCHARGE 

VOLTAGEt VOLTAGEt VOLTAGEt 
OUTPUT 

SWITCH 

<MIN Irrelevant Irrelevant Low On 

>MAX <MIN Irrelevant High Oft 

>MAX >MAX >MAX Low On 

>MAX >MAX <MIN As previously established 

tFor conditions shown as MIN or MAX, USB 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) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to VDD 
Sink current, discharge or output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 50 mA 
Source current, output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 5 mA 
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 1 ,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C 

NOTE 1: All voltage values are wit~ respect to network ground terminal. 

DISSIPATION RATING TABLE 

PACKAGE 
POWER 

RATING 

DERATING 

FACTOR 
ABOVE TA 

D 950 mW 7.6 mW/oC 25°C 

N 1150mW 9.2 mW/oC 25°C 

recommended operating conditions 

MIN' MAX 

Supply voltage, VDO 18 

Operating free-air temperature, T A o 70 
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electrical characteristics at specified free-air temperature. VOO 1 V 

PARAMETER 

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~sta1e current 

Low·level output voltage 

High-level output voltage 

Supply current 

t Full range (MIN to MAX) is OOC to 70°C. 

TEST CONDITIONSt 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

25°C 

Full range 

25°C 

MAX 

MAX 

IOL = 100 ~A 
25°C 

Full range 

25°C 

MAX 

IOL = 100 ~A 
25°C 

Full range 

IOH = -10 ~ r---. 25°C 

Full range 

25°C 

Full range 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 75265 

TLC552C 
DUAL LinCMOS" TIMER 

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 

0.25 
V 

0.6 

0.6 

0.98 
V 

30 200 

300 
~A 
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TLC552C 
DUAL LinCMOSTM TIMER 

electrical characteristics at specified free-air temperature, Voo - 2 V 

PARAMETER TEST CONDITIONst MIN TVP MAX UNIT 

Threshold voltage level 
25°C 0.95 1.33 1.65 

V 
Full range 0.85 1.75 

25°C 10 
Threshold current 

MAX 75 
pA 

Trigger voltage level 
25°C 0.4 0.67 0.95 

V 
Full range 0.3 1.05 

Trigger current 
25°C 

MAX 

10 

75 
pA 

25°C 0.4 1.1 1.5 
Reset voltage level V 

Full range 0.3 1.8 

25°C 10 
Reset current pA 

MAX 75 
Control voltage (open-circuit) as a 

MAX 66.7% 
percentage of supply voltage 

Discharge switch on~state voltage IOL = 1 mA 
25°C 

Full range 

0.03 0.2 

0.25 
V 

Discharge switch off-state current 
25°C 0.1 

nA 
MAX 0.5 

Low-level output voltage IOL = 1 mA 
25°C 

Full range 

0.07 0.3 

0.35 
V 

High-level output voltage IOH = -300 ~A 
25°C 

Full range 

1.5 1.9 

1.5 
V 

Supply current 
25°C 130 500 

Full range 800 
~A 

t Full range (MIN to MAX) is OOC to 70°C . 

• 
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electrical characteristics at specified free-air temperature. Voo = 5 V 

PARAMETER 

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 

tFull range (MIN to MAXI is ooe to 70 oe. 

TEST CONDITIONSt 

25°e 

Full range 

25°e 
MAX 

25°e 

Full range 

25°e 

MAX 

25°e 
Full range 

25°e 

MAX 

MAX 

IOL ~ 10 mA 
25°e 

Full range 

25°e 

MAX 

IOL ~ 8 mA 
25°e 

Full range 

IOL ~ 5 mA 
25°e 

Full range 

IOL ~ 3.2 mA 
25°e 

Full range 

IOH ~ -1 mA 
25°e 

Full range 

25°e 

Full range 

TEXAS • 
INSTRUMENTS 
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TLC552C 
DUAL LinCMOSTM TIMER 

MIN TYP MAX UNIT 

2.B 3.3 3.B 

2.7 3.9 
V 

10 

75 
pA 

1.36 1.66 1.96 
V 

1.26 2.06 

10 

75 
pA 

0.4 1.1 1.5 
V 

0.3 1.8 

10 

75 
pA 

66.7% 

0.14 0.5 
V 

0.6 

0.1 

0.5 
nA 

0.21 0.4 

0.5 

0.13 0.3 
V 

0.4 

O.OB 0.3 

0.35 

4.1 4.B 
V 

4.1 

340 700 

1000 
~A II 
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TLC552C 
DUAL LinCMOS'I1I TIMER 

electrical characteristics at specified free-air temperature. VDO - 15 V 

en 
"C 
CD 
(') 

PARAMETER 

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 0 DC to 70 DC. 

4-192 

TEST CONDITIONSt 

25 DC 

Full range 

25 DC 

MAX 

25 DC 

Full range 

25 DC 

MAX 

25 DC 

Full range 

25 DC 

MAX 

MAX 

IOl = 100 rnA 
25 DC 

Full range 

25 DC 

MAX 

IOl = 100 rnA 
25 DC 

Full range 

IOl = 50 rnA 
25 DC 

Full range 

IOl = 10 rnA 
25 DC 

Full range 

25 DC 
IOH = -10 rnA 

Full range 

IOH = -5 rnA 
25 DC 

Full range 

IOH = -1 rnA 
25 DC 

Full range 

25 DC 

Full range 

TEXAS ." 
INSTRUMENTS 

POST OFFiCe· BOX 666012 • DAI.LAS~ TeXAS 76265 

MIN TYP MAX UNIT 

9.45 10 10.55 
9.35 

V 
10.65 

10 

75 
pA 

4.65 5 5.35 
4.55 

V 
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 
1.B 

V 

0.1 

0.5 
nA 

1.2B 3.2 

3.6 
0.63 1 

1.3 
V 

0.12 0.3 

0.4 
12.5 14.2 
12.5 

13.5 14.6 
13.5 

V 

14.2 14.9 
14.2 

0.72 1.2 

1.6 
rnA 



electrical characteristics at specified free-air temperature, Voo = 18 V 

PARAMETER TEST CONOITIONSt 

Threshold voltage level 
25°e 

Full range 

25°C 
Threshold current 

MAX 

25°C 
Trigger voltage level 

Full range 

25°e 
Trigger current 

MAX 

25°e 
Reset voltage level 

Full range 

Reset current 
25°e 

MAX 

Control voltage (open-circuit) as a 
MAX 

percentage of supply voltage 

25°e 
Discharge switch on-state voltage IOl ~ 100 mA 

Full range 

Discharge switch off-state current 
25°e 

MAX 

25°e 
low-level output voltage IOl ~ 3.2 mA 

Full range 

High-level output voltage IOH ~ -1 mA 
25°C 

Full range 

25°C 
Supply current 

Full range 

t Full range (MIN to MAXI is ooe to 70 0 e. 

TLC552C 
DUAL LinCMOSTM TIMER 

MIN TYP MAX UNIT 

11.4 12 12.6 
V 

10.9 12.7 

10 

75 
pA 

5.6 6 6.4 
V 

5.5 6.5 

10 

75 
pA 

0.4 1.1 1.5 
V 

0.3 1.8 

10 

75 
pA 

66.7% 

0.72 1.5 
V 

1.6 

0.1 

0.5 
nA 

0.04 0.3 
V 

0.35 

17.3 17.9 
V 

17.3 

0.84 1.2 
mA 

1.6 

operating characteristics, VOO = 5 V, TA 25°C (unless otherwise noted) 

PARAMETER TEST CONOITIONS MIN TYP MAX UNIT 

Initial error of timing interval:f: VDD - 5 V to 15 V, 1% 3% 

Supply voltage sensitivity RA ~ RS ~ 1 kllto 100 kll, 
0.1 0.5 %/V 

of timing interval CT~0.1~F, See Note 2 

Output pulse rise time 20 75 
Rl ~ 10 Mil, Cl ~ 10 pF ns 

Output pulse fall time 15 60 

Maximum frequency in RA ~ 470 Il, RS ~ 200 Il, 
1.2 2.8 MHz 

astable mode CT ~ 200 pF, See Note 2 

NOTE 2: RA, RS, and CT are as defined in Figure 1. 

+Timing interval error is defined as the difference between the measured value and the nominal value of a random sample. 
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TLC552C 
DUAL LinCMOS~ TIMER 

4-194 

TYPICAL APPLICATION DATA 

VDD 

r-----, O.I.uF 

~ 

OUT 1----4 ..... -0UTPUT 

THRES 

""""--1 TRIG 

GND r 
FIGURE 1. CIRCUIT FOR ASTABLE OPERATION 
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• Very Low Power Consumption, .. 1 mW 
Typ at VDD - 5 V 

• Capable of Operation in Astable Mode 

• CMOS Output Capable of Swinging Rail to 
Rail 

• High Output·Current Capability 
, .. Sink 100 rnA Typ 
... Source 10 rnA Typ 

• Output Fully Compatible with CMOS, TTL, 
and MOS 

• Low Supply Current Reduces Spikes During 
Output Transitions 

• High-Impedance Inputs ... 1012 n Typ 

• Single-Supply Operation from 2 V to 18 V 

• Functionally Interchangeable with the 
NE555; Has Same Pinout 

description 

The TLC555 is a monolithic timing circuit 
fabricated using Tl's LinCMOS" process, which 
provides full compatibility with CMOS, TTL, and 
MOS logic and operation at frequencies 

TLC555M, TLC5551, TLC555C 
LinCMOSTM TIMERS 

027B4, SEPTEMBER 19B3-REVISEO OCTOBER 19BB 

TLC555M ... JG PACKAGE 
TLC5551, TLC555C ... D OR P PACKAGE 

ITOP VIEW) 

TRIG 2 7 DSH 
OUT 3 6 THRES 

GND[j]S VDD 

RESET 4 5 CaNT 

TLC555M ... FK PACKAGE 

ITOP VIEW) 

NC 4 

TRIG 5 

NC 6 

OUT 7 

NC S 

Cl Cl 
UZU ClU 
Z<.:lZ>Z 

3 2 I 20 19 

9 10 I I 12 13 

UI-UI-U 
z~zzz 

w 0 
a: U 

IS 
17 

16 

15 

14 

NC- No internal connection 

NC 
DISCH 
NC 
THRES 
NC 

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 voltage. 

Like the NE555, the TLC555 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 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 rnA and sourcing over 10 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. 

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-883C, Method 3015. However, care should 
be exercised in handling these devices, as exposure to ESD 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 TLC555M is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The TLC5551 is characterized for operation from - 40°C to 85 °C. The TLC555C is characterized for 
operation from O°C to 70°C. 

LinCMOS is a trademark of Texas Instruments Incorporated. 

Copyright © 1983. Texas Instruments Incorporated 
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TLC555M, TLC5551, TLC555C 
LinCMOS™ TIMERS 

AVAILABLE OPTIONS 

PACKAGE 
TA VCC SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP 

RANGE RANGE 
101 IFKI IJGI IPI 

OOC 2V 

to to TLC555CD TLC555CP 

70°C lB V 

-40°C 3V 

to to TLC5551D TLC5551P 

85°C 18 V 

-55°C 5V 

to to TLC555MFK TLC555MJG 

125°C 18 V 

The D package is available taped and reeled. Add the suffix R to the device type le.g., TLC555CDRI. 

FUNCTION TABLE 

RESET TRIGGER THRESHOLD DISCHARGE 

VOLTAGEt VOLTAGEt VOLTAGEt 
OUTPUT 

SWITCH 

<MIN Irrelevant Irrelevant Low On 

>MAX <MIN Irrelevant High Off 

>MAX >MAX >MAX Low On 

>MAX >MAX <MIN As previously established 

tFor conditions shown as MIN or MAX, use the appropriate value specified under 
electrical characteristics. 

functional block diagram 

CONTROL RESET 
VDD 151 141 

!I: 
161 

THRESHOLD---r-t-; 

121 
TRIGGER --I----QI ...... 

R 

.-__ ~ ______ .J.:TTL.. __ "'_17"'_1 DISCHARGE 

111 
GND 

Pin numbers are for all packages ex:cept FK. 
Reset can override Trigger, which can override Threshold. 
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TLC555M, TLC5551, TLC55.5C 
LinCMOSTM TIMERS 

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

TLC555M TLC5551 TLC555C UNIT 

Supply voltage (see Note I) lB lB lB V 

Input voltage -0.3 to VDD -0.3 to VDD -0.3 to VDD V 

Sink current. discharge or output 150 150 150 rnA 

Source current, output 15 15 15 rnA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 -40 to B5 o to 70 °C 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 °C 

Case temperature for 60 seconds FK package 260 

Lead temperature 1,6 mm (1/16 inch) 
JG package 300 

from case for 60 seconds °C 

Lead temperature 1,6 mm (1/16 inch) 
D or P package 

from case for 10 seconds 
260 260 

NOTE 1: All voltage values are with respect to network ground terminal. 

DISSIPATION RATING TABLE 

PACKAGE 
TA :s 25°C DERATING FACTOR TA - 70°C TA - B5°C TA - 125°C 

POWER RATING ABOVE TA - 25°C POWER RATING POWER RATING POWER RATING 

D 725 mW 5.B mW/oC 464mW 377mW N/A 

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

JG 1050 mW B.4 mW/oC 672 mW 546mW 210mW 

P 1000 mW B.O mW/oC 640 mW 520mW N/A 
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TLC5551, TLC555C 
LinCMOSTM TIMERS 

electrical characteristics at specified free-air temperature, Voo - 3 V for TLC555h VOO = 2 V for 
TLC555C 

PARAMETER TEST CONDITIONSt 
TLC5551 TLC555C 

MIN TVP MAX MIN TVP MAX UNIT 

25°C 1.6 2.4 0.95 1.33 1.65 
Threshold voltaga level V 

Full range 1.5 2.5 0.85 1.75 

25°C 10 10 
pA Threshold current 

MAX 150 75 

25°C 0.71 1.0 1.29 0.4 0.67 0.95 
V Trigger voltage level 

Full range 0.61 1.39 0.3 1.05 

25°C 10 10 
pA Trigger current 

MAX 150 75 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 
Reset voltage level V 

Full range 0.3 1.8 0.3 2 

25°C 10 10 
Reset current 

MAX 150 75 
pA 

Control voltage lopen-circuit) as a 

percentage of supply voltage 
MAX 66.7% 66.7% 

25°C 0.03 0.2 0.03 0.2 
V Discharge switch on-state voltage IOL = 1 mA 

Full range 0.375 0.25 

25°C 0.1 0.1 
Discharge switch off-state current nA 

MAX 120 0.5 

25°C 0.07 0.3 0.07 0.3 
Low-level output voltage IOL = 1 mA V 

Full range 0.4 0.35 

25°C 1.5 1.9 1.5 1.9 
V High-level output voltage IOH = - 300 p.A 

Full range 2.5 1.5 

25°C 250 250 
Supply current 

Full range 500 400 
~A 

tFull range IMIN to MAX) is -40°C to 85°C for TLC5551 and OOC to 70°C for TLC555C. 
NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge 

terminal or to the Trigger terminal. 
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TLC555M. TLC5551. TLC555C 
LinCMOSlM TIMERS 

electrical characteristics at specified free-air temperature. Voo - 5 V 

TEST CONDITIONS t 
TLC556M TLC5561 TLC556C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25°C 2.8 3.3 3.8 2.8 3.3 3.8 2.8 3.3 3.8 
Threshold voltage level V 

Full range 2.7 3.9 2.7 3.9 2.7 3.9 

25°C 10 10 10 
Threshold current pA 

MAX 5000 150 75 

25°C 1.36 1.66 1.96 1.36 1.66 1.96 1.36 1.66 1.96 
Trigger voltage level V 

Full range 1.26 2.06 1.26 2.06 1.26 2.06 

25°C 10 10 10 
Trigger current 

MAX 5000 150 75 
pA 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 0.4 1.1 1.5 
Reset voltage level V 

Full range 0.3 1.8 0.3 1.8 0.3 1.8 

25°C 10 10 10 
Reset current pA 

MAX 5000 150 75 

Control voltage (open-circuit) as a 
MAX 66.7% 66.7% 66.7% 

percentage of supply voltage 

25°C 0.14 0.5 0.14 0.5 0.14 0.5 
Discharge switch on-state voltage IOL ~ 10 rnA V 

Full range 0.6 0.6 0.6 

25°C 0.1 0.1 0.1 
Discharge switch off-state current nA 

MAX 120 120 0.5 

25°C 0.21 0.4 0.21 0.4 0.21 0.4 
tOl = 8 rnA 

Full range 0.6 0.5 0.5 

25°C 0.13 0.3 0.13 0.3 0.13 0.3 
Low-level output voltage IOL=5mA V 

Full range 0.45 0.4 0.4 

25°C 0.08 0.3 0.08 0.3 0.08 0.3 
IOL ~ 3.2 rnA 

Full range 0.4 0.35 0.35 

25°C 4.1 4.8 4.1 4.8 4.1 4.8 
High-level output voltage IOH ~ -1 rnA V 

Full range 4.1 4.1 4.1 

25°C 170 350 170 350 170 350 
Supply current See Note 2 .A 

Full range 700 600 500 

tFull range (MIN to MAX) is -55°C to 125°C for TLC555M, -40°C to B5°C for TlC5551. and O°C to 70°C for TLC555C. 
NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge terminal or 

to the Trigger terminal. 
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TLC555M,· TLC5551, TLC555C 
LinCMOS"" TIMERS 

electrical characteristics at specified free~air. temperature, Voo - 15 V 

TEST CONDITIONS t 
TLC668M TLC6681 

PARAMETER 
MIN TYp. MAX MIN TYP MAX 

26°C 9.45 10 10.55 9.45 10 10.65 
Threshold voltage lavel 

Full range 9.35 10.66 9.35 10.66 

25°C 10 10 
Threshold eurrent 

MAX 6000 150 

26°C 4.66 5 6.35 4.66 5 6.35 
Trigger voltage leval 

Full range 4.66 6.46 4.55 5.45 

25°C 10 10 
Trigger current 

MAX 5000 150 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 
Reset voltage leval 

Full range 0.3 1.8, 0.3 1.8 

25°C 10 10 
Reset currant 

MAX 6000 150 

Control voltage (openMcircult) 8S 8 
MAX 66.7% 66.7% 

percentage of supply voltage 

25°C 0.77 1.7 0.77 1.7 
Discharge switch on-stata voltage IOL = 100 niA 

Full range 1.8 1.8 

25°C 0.1 0.1 
Discharge switch off-state current 

MAX 120 120 

25°C 1.28 3.2 1:28 3.2 
IOL = 100 mA 

Full fange 3.8 3.7 

25°C 0.63 1 0.63 1 
low-level output voltage IOL = 50 mA 

Full range 1.5 1.4 

25°C 0.12 0.3 0.12 0.3 
IOL=10mA 

Full fange 0.45 0.4 

25°C 12.5 14.2 12.5 14.2 
IOH = -10mA 

12:6. Full range 12.5 

25°C 13.5 14.6 13.5 14.6 
High-level output voltage IOH = -5 mA 

Full range 13.5 13.6 

25°C 14.2 14.9 14.2 14.9 
loli = -1 mA 

Full range 14.2 14.2 

26°C 360 600 360 600 
Supply current $ee Note 2 

Full range 1000 900 

TLC668C 

MIN TYP MAX 

9.46 10 10.66 

9.35 10.66 

10 

75 

4.66 5 5.35 

4.55 5.45 

10 

76 

0.4 1.1 1.5 

0.3 ·1.8 

10 

75 

66.7% 

0.77 1.7 

1.8 

0.1 

0.5 

1.28 3.2 

3.6 

0.63 1 

1.3 

0.12 0.3 

0.4 

12.5 14.2 

12.5 

13.5 14.6 

13.5 

14.2 14.9 

14.2 

360 600 

800 

tFull r8nge (MIN to MAXI Is -55°C to 126°C for TLC555M. -40°C to 85°C for TLC6551. 8nd OOC to 70°C for TLC555C. 

UNIT 

V 

pA 

V 

pA 

V 

pA 

V 

nA 

V 

V 

p.A 

NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge terminal or 
to the Trigger terminal. 
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TLC555M, TLC5551, TLC555C 
LinCMOSTM TIMERS 

electrical characteristics at specified free-air temperature, Voo - 18 V 

TEST CONDITIONS t 
TLC556M TLC5561 TLC556C 

PARAMETER UNIT 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

25°C 11.4 12 12.6 11.4 12 12.6 11.4 12 12.6 
Threshold voltage level V 

Full range 10.9 12.7 10.9 12.7 10.9 12.7 

25°C 10 10 10 
Threshold current pA 

MAX 5000 150 75 

25°C 5.6 6 6.4 5.6 6 6.4 5.6 6 6.4 
Trigger voltage level V 

Full range 5.5 6.5 5.5 6.5 5.5 6.5 

25°C 10 10 10 
Trigger current 

MAX 5000 150 75 
pA 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 0.4 1.1 1.5 
Reset voltage level V 

Full range 0.3 1.8 0.3 1.8 0.3 1.8 

25°C 10 10 10 
Reset current pA 

MAX 5000 150 75 

Control voltage (open-circuit) as a 
MAX 66.7% 66.7% 66.7% 

percentage of supply voltage 

25°C 0.72 1.5 0.72 1.5 0.72 1.5 
Discharge switch on-state voltage 10L ~ 100 rnA V 

Full range 1.6 1.6 1.6 

25°C 0.1 0.1 0.1 
Discharge switch off-state current nA 

MAX 120 120 0.5 

10L ~. 3.2 rnA 
25°C 0.04 0.3 0.04 0.3 0.04 0.3 

Low-level output voltage V 
Full range 0.4 0.35 0.35 

25°C 17.3 17.9 17.3 17.9 17.3 17.9 
High-level output voltage 10H ~ -1 rnA V 

Full range 17.3 17.3 17.3 

25°C 600 600 600 
Supply current See Note 2 p.A 

Full range 1000 900 800 

tFull range IMIN ta MAX) is -55°C ta 125°C far TLC555M. -40°C ta 85°C far TLC5551. and OOC ta 70°C far TLC555C. 
NOTE 2: These values apply for the expected operating configuration in which the Threshold terminal is connected directly to the Discharge terminal or to 

the Trigger terminal. 

operating characteristics, VOO - 5 V. T A - 25 DC (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Initial error of timing interval * Voo = 5 V to 15 V. 1% 3% 

Supply voltage sensitivity RA = RB ~ 1 kllto 100kll. 

of timing interval CT=0.1~F. See Note 3 
0.1 0.5 %/V 

Output pulse rise time 20 75 

Output pulse fall time 
RL ~ 10 Mil. CL ~ 10 pF 

15 60 
ns 

Maximum frequency in RA = 470 II. RB ~ 200 II. 
1.2 2.1 MHz 

astable mode CT = 200 pF. See Note 3 

*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 1. 
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TLC555M. TLC5551. TLC555C 
LinCMOSlII1 TIMERS 

TYPICAL APPLICATION DATA 

VDD 

0.11'F 'J' 
(81 

VDD 

(41 
RESET 

(71 
DISCH 

OUT 
(31 
~---4""-OUTPUT 

(61 
THRES 

(21 
TRIG 

(51 
CONT 

CT'l'_ 'J 0.1 pF 

GND 

(11 r 
Pin numbers are for all packages except FK. 

FIGURE 1. CIRCUIT FOR ASTABLE OPERATION 
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• Very Low Power Consumption, . , 2 mW 
Typ at VDD - 5 V 

• Capable of Operation in Astable Mode 

• CMOS Output Capable of Swinging Rail to 
Rail 

• High Output-Current Capability 
.. , Sink 100 rnA Typ 
.. , Source 10 rnA Typ 

• Output Fully Compatible with CMOS, TTL, 
and MOS 

• Low Supply Current Reduces Spikes During 
Output Transitions 

• High-Impedance Inputs ... 1012 0 Typ 

• Single-Supply Operation from 2 V to 18 V 

• Functionally Interchangeable with the 
NE556; Has Same Pinout 

description 

The TLC556 is a monolithic timing circuit 
fabricated using TI's LinCMOS'" 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 NE556 because of the high 
input impedance. Power consumption is low 
across the full range of power supply voltages. 

TLC556M, TLC5561, TLC556C 
DUAL LinCMOSTli TIMERS 

02796, FEBRUARY 19B4-REVISEO OCTOBER 1988 

TlC556M ... J PACKAGE 
TLC5561, TlC556C ... D OR N PACKAGE 

(TOP VIEWI 

#1 RESET 
OUT 

TIMER {T~~~~ 
TRIG 

GND""1.,;7_--.,;J-' 

TLC0556M ... FK PACKAGE 

#1 CO NT 4 

5 

6 

(TOPVIEWI 

UlJ: J: 

~~ ~ 
~ 0 0 0 
~ ~ U ON 
::tt:.:tt:Z>:at: 

3 2 I 20 19 

9 10 11 12 13 

NC - No internal connection 

18 

17 

16 

15 

14 

Like the NE556. the TLC556 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 end 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 10 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 will 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 TLC556M is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The TLC5561 is characterized for operation from - 40°C to 85 DC. The TLC556C is characterized for 
operation from OOC to 70°C. 

LinCMOS is a trademark of Texas Instruments Incorporated, 

Copyright @ , 984, Texas Instruments Incorporated 
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nC556M, nC5561, nC556C 
DUAL LinCMOS'" TIMERS 

AVAILABLE OPTIONS 

PACKAGE 
TA VCC 

SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP 
RANGE RANGE 

(FKI (JI (01 (NI 
OOC 2V 

to to TLC556CD TLC556CN 

70°C 18 V 

-40°C 3V 

to to TLC5561D TLC5561N 

85°C 18 V 

-55°C 5V 

to to TLC556MFK TLC556MJ 

125°C 18 V 

The 0 package is available taped and reeled. Add the suffix R to the device type (e.g., TLC556CDRI. 

FUNCTION TABLE 

RESET TRIGGER THRESHOLD 
OUTPUT 

DISCHARGE 

VOLTAGEt VOLTAGEt VOLTAGEt SWITCH 

<MIN Irrelevant Irrelevant Low On 

>MAX <MIN Irrelevant High Off 

>MAX >MAX >MAX Low On 

>MAX >MAX <MIN As previously established 

tFor conditions shown as MIN or MAX, use the appropriate value specified under 
electrical characteristics. 

functional block diagram leach timer) 

VOD RESET 
CONTROL 

R 

THRESHOLD 

S 

TRIGGER 
R 

.... ______ ---<p-TL-=-:-:=-:-c:-:: 
DISCHARGE 

GND 

Reset can override Trigger and Threshold. 
Trigger can override Threshold. 
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TLC556M, TLC5561, TLC556C 
DUAL LinCMOS'" TIMERS 

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

TLC556M TLC5561 TLC556C UNIT 

Supply voltage Isee Note 1) 18 18 18 V 

Input voltage -0.3 to VDD -0.3 to VDD -0.3 to VDD V 

Sink current, discharge or output 150 150 150 rnA 

Source current, output 15 15 15 rnA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 -40 to 85 o to 70 °C 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 °C 

Case temperature for 60 seconds FK package 260 

Lead temperature 1,6 mm 11116 inch) J package 300 
from case for 60 seconds °C 

Lead temperature 1,6 mm 11116 inch) 
D or N package 

from case for 1 0 seconds 
260 260 

NOTE 1: All voltage values are with respect to network ground terminal. 

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 950 mW 7.6 mW/oC 608 mW 494mW N/A 

FK 1'375 mW 11.0 mW/oC 880mW 715mW 275 mW 

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

N 1150mW 9.2 mW/oC 736 mW 598 mW N/A 
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nC5561, nC556C 
DUAL LinCMOS'" TIMERS 

electrical characteristics at specified free-air temperature. VDD - 3 V for TLC5561. VDD - 2 V for 
TLC556C 

PARAMETER TEST CONDITIONSt 
TlC6561 TlC556C 

MIN TYP MAX MIN TYP MAX UNIT 

25°C 1.6 2.0 2.4 0.96 1.33 1.65 
Threshold voltage level 

2.6 0.85 
V 

Full range 1.5 1.75 

25°C 10 10 
Threshold current 

MAX 150 75 
pA 

Trigger voltage level 
25°C 0.71 1.0 1.29 0.4 0.67 0.95 

V 
Full range 0.61 1.39 0.3 1.05 

25°C 10 10 
pA Trigger current 

MAX 150 75 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 
V Reset voltage level 

Full range 0.3 1.8 0.3 1.8 

25°C 10 10 
Reset current 

MAX 150 75 
pA 

Control voltage (open-circuit) as a 
MAX 66.7% 66.7% 

percentage of supply voltage 

Discharge switch on-state voltage 
25°C 0.03 0.2 0.04 0.2 

IOl = 1 rnA V 
Full range 0.375 0.25 

25°C 0.1 0.1 
Discharge switch off-state current 

120 0.5 
nA 

MAX 

25°C 0.07 0.3 0.07 0.3 
V low-level output voltage IOl = 1 rnA 

Full range 0.4 0.36 

25°C 1.5 1.9 1.5 1.9 
High-level output voltage IOH = -300 pA 

1.5 
V 

Full range 2.5 

Supply current 
25°C 130 500 130 500 

pA 
Full range 1000 800 

tFull range (MIN to MAX) is -40°C to 85°C for TlC5561 and OOC to 70°C for TlC556C. 
NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal Is connected directly to the Discharge 

terminal or to the Trigger terminal. 
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nC556M, nC5561, nC556C 
DUAL LinCMOSTM TIMERS 

electrical characteristics at specified free-air temperature, Voo - 5 V 

TEST CONDITIONS t 
TLC556M TLC5661 TLC556C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TVP MAX 

25°C 2.B 3.3 3.B 2.B 3.3 3.B 2.B 3.3 3.B 
Threshold voltage level V 

Full range 2.7 3.9 2.7 3.9 2.7 3.9 

25°C 10 10 10 
Threshold current pA 

MAX 5000 150 75 

25°C 1.36 1.66 1.96 1.36 1.66 1.96 1.36 1.66 1.96 
Trigger voltage level V 

Full range 1.26 2.06 1.26 2.06 1.26 2.06 

25°C 10 10 10 
Trigger current 

MAX 5000 150 75 
pA 

25°C 0.4 1.1 1.5 0.4 1.1 1.5 0.4 1.1 1.5 
Reset voltage level V 

Full range 0.3 loB 0.3 1.B 0.3 loB 

25°C 10 10 10 
Reset current pA 

MAX 5000 150 75 

Control voltage (open-circuit) as a 
MAX 66.7% B6.7% 66.7% 

percentage of supply voltage 

25°C 0.15 0.5 0.15 0.5 0.15 0.5 
Discharge switch on-state voltage 10L = 10 rnA V 

Full range 0.6 0.6 0.6 

25°C 0.1 0.1 0.1 
Discharge switch off-state current nA 

MAX 120 2 0.5 

25°C 0.21 0.4 0.21 0.4 0.21 0.4 
IOL = BrnA 

Full range 0.6 0.5 0.5 

25°C 0.13 0.3 0.13 0.3 0.13 0.3 
Low-level output voltage IOL = 5 rnA V 

Full range 0.45 0.4 0.4 

25°C O.OB 0.3 O.OB 0.3 O.OB 0.3 
IOL = 3.2 rnA 

Full range 0.4 0.35 0.35 

25°C 4.1 4.B 4.1 4.B 4.1 4.B 
High-level output voltage IOH=-lrnA V 

Full range 4.1 4.1 4.1 

25°C 340 700 340 700 340 700 
Supply current See Note 2 p.A 

Full range 1400 1200 1000 

tFull range (MIN to MAX) is -55°C to 125°C for TlC556M, -40°C to 85°C for TLC5!i6I, and ooe to 70°C for TLC556C. 
NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge terminal or 

to the Trigger terminaL 
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nC556M. nC5561. nC556C 
DUAL LinCMOSlM TIMERS 

electrical characteristics at specified free-air temperature. Voo - 15 V 

PARAMETER TEST CONDITIONS t 
TLC668M TLC5581 

MIN TVP MAX MIN TVP MAX 

25°C 9.45 10 10.55 9.45 10 10.55 
Threshold voltage level 

Full range 9.35 10.65 9.35 10.65 

25°C 10 10 
Threshold current 

MAX 5000 150 

25°C 4.66 5 5.36 4.86 5 5.35 
Trigger voltage level 

Full range "4.55 5.45 4.55 5.45 

25°C 10 10 
Trigger current 

MAX 5000 160 

25°C 0.4 1.1 1.6 0.4 1.1 1.6 
Reset voltage level 

Full range 0.3 1.8 0.3 1.8 

25°C 10 10 
Reset currant 

MAX 5000 150 

Control voltage (open~circuit) 88 a 
MAX 66.7% 68.7% 

percentage of supply voltage 

25°C 0.8 1.7 0.8 1.7 
Discharge switch on-state voltage IOL = 100 mA 

Full fange 1.8 1.8 

25°C 0.1 0.1 
Discharge switch off-state current 

MAX 120 2 

25°C 1.28 3.2 1.28 3.2 
IOL = 100 mA 

Full range 3.8 3.7 

25°C 0.63 1 0.63 1 
Low-level output voltage IOL = 60 mA 

Full fange 1.6 1.4 

25°C 0.12 0.3 0.12 0.3 
IOL = 10 mA 

Full range 0.45 0.4 

25°C 12.5 14.2 12.5 14.2 
IOH = -10mA 

Full range 12.5 12.5 

25°C 13.5 14.6 13.5 14.6 
High-level output voltage IOH = -5 mA 

Full range 13.5 13.6 

26°C 14.2 14.9 14.2 14.9 
IOH = -1 mA 

Full range 14.2 14.2 

25°C 0.72 1.2 0.72 1.2 
Supply current See Note 2 

Full range 2 1.8 

TLC556C 

MIN TVP MAX 

9.45 10 10.55 

9.35 10.65 

10 

76 

4.85 5 5.36 

4.66 5.45 

10 

75 

0.4 1.1 1.5 

0.3 1.8 

10 

75 

66.7% 

0.8 1.7 

1.8 

0.1 

0.5 

1.28 3.2 

3.6 

0.63 1 

1.3 

0.12 0.3 

0.4 

12.5 14.2 

12.5 

13.5 14.6 

13.6 

14.2 14.9 

14.2 

0.72 1.2 

1.6 

tFull range (MIN to MAXI is -55°C to 125°C for TLC556M. -40°C to 85°C for TLC5561. and OOC to 70°C for TLC556C. 

UNIT 

V 

pA 

V 

pA 

V 

pA 

V 

nA 

V 

V 

mA 

NOTE 2: These values apply for the expected operating configurations in which the Threshold terminal is connected directly to the Discharge terminal or 
to the Trigger terminal. 
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TLC556M, TLC5561, TLC556C 
DUAL LinCMOS11I TIMERS 

electrical characteristics at specified free-air temperature. Voo - 18 V 

TEST CONDITIONS t 
TLCSS6M TLCSS61 TLCS56C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

25'C 11.4 12 12.6 11.4 12 12.6 11.4 12 12.6 
Threshold voltage level V 

Full range 10.9 12.7 10.9 12.7 10.9 12.7 

25'C 10 10 10 
Threshold current pA 

MAX 5000 150 75 

25'C 5.6 6 6.4 5.6 6 6.4 5.6 6 6.4 
Trigger voltage level V 

Full range 5.5 6.5 5.5 6.5 5.5 6.5 

25'C 10 10 10 
Trigger current 

MAX 5000 150 75 
pA 

25'C 0.4 1.1 1.5 0.4 1.1 1.5 0.4 1.1 1.5 
Reset voltage level V 

Full range 0.3 1.8 0.3 1.8 0.3 1.8 

25°C 10 10 10 
Reset current 

MAX 
pA 

5000 150 75 

Control voltage (open-circuit) as a 
MAX 66.7% 66.7% 66.7% 

percentage of supply voltage 

25'C 0.73 1.5 0.73 1.5 0.73 1.5 
Discharge switch on-state voltage IOL ~ 100 rnA V 

Full range 1.6 1.6 1.6 

25°C 0.1 0.1 0.1 
Discharge switch off-state current nA 

MAX 120 2 0.5 

25'C 0.04 0.3 0.04 0.3 0.04 0.3 
Low-level output voltage IOL ~ 3.2 rnA V 

Full range 0.4 0.35 0.35 

25°C 17.3 17.9 17.3 17.9 17.3 17.9 
High-level output voltage IOH~-lrnA V 

Full range 17.3 17.3 17.3 

25°C 1.2 1.2 1.2 
Supply current See Note 2 rnA 

Full range 2 1.8 1.6 

tFul1 range (MIN to MAX) is -55°C to 125°C for TLC556M, -40°C to 85°C for TLC5561, and OOC to 70°C for TLC556C. 
NOTE 2: These values apply for the expected operating configuration in which the Threshold terminal is connected directly to the Discharge terminal or to 
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TLC556M, TLC5561, TLC556C 
DUAL LinCMOSlII TIMERS 

operating characteristics. VDD - 5 V. TA .. 25°C (unless otherwise noted) 

PARAMETER TESt CONDITIONS MIN 

Initial error of timing interval t VDD =5 Vto 15 V, 
Supply voltage sensitivity RA = RB = 1 kll to 100 kO, 

of timing interval CT = 0.1 ~F, See Note 3 

Output pulse rise time 

Output pulse fall time 
RL = 10 Mil, CL = 10 pF 

Maximum frequency in RA - 4700, RB - 20do, 
1.2 

astable mode CT = 200 pF, See Note 3 

TVP MAX UNIT 

1% 3% 

0.1 0.5 %/V 

20 75 

15 60 
ns 

2.1 MHz 

tTiming 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. 

TYPICAL CHARACTERISTICS 
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PROPAGATION DELAY TIMES 
TO DISCHARGE OUTPUT 

FROM TRIGGER AND THRESHOLD 
SHORTED TOGETHER 

\ 
\ 

\ 

vs 
SUPPLY VOLTAGE 

10(onl 2: 1 mA 
CL ~ 0 
TA = 25°C 

'" tpHL 

tP~H* 

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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VDD 

TYPICAL APPLICATION DATA 

nC556M. nC5561. TLC556C 
DUAL LinCMOSlM TIMERS 

_____ ~I~~==~tHt:==~.~I~~~t~L==~~I~---------------Voo 1· 
tPHL~ I 

I I 
I I 

OUTPUT %VDD\---~r-----~~--~.-----+-----~--~.-----
OUT 

RS THRES 
TRIG ~VDD--~~-t~------------~~~~----------~~ 

GND 

GND-------------------------------------------

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 RB to the trigger voltage level (approximately 
0.67VOO) and then discharges through RB only to the value of the threshold voltage level (approximately 
0.33VOO). The output is high during the charging cycle (tH) and low during the discharge cycle (tLl. The 
duty cycle is controlled by the values of RA. RB. and CT. as shown in the equations below. 

tH '" CT (RA + RB) In 2 

tL = CT RB In 2 

(In 2 = 0.693) 

Period = tH + tL '" CT (RA + 2RB) In 2 

Output driver duty cycle .. 1- RB 
RA + 2RB 

Output waveform duty cycle = 
RB 

RA + 2RB 

The 0.1-,..F capacitor at the control pin 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 RB to provide another source of error in the calculation when RB is very low or ron is very high. 

The equations below provide better agreement with measured values. 

~ (-tPLH)~ In[ - exp CT (RB + ron) ~ 

tL = CT (RB + ron) 
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nC556M, nC5561, nC556C 
DUAL LinCMOSlII TIMERS 

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% tHt~tl will 

require that ~~ < 1 and possibly RA :s; 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 the 
control pin. An input voltage between 10% and 80% of the supply voltage from a resistor divider 
with at least 500 p.A bias provides good results . 
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• 200-MHz Bandwidth 

• 250-kO Input Resistance 

• Selectable Nominal Amplification of 10, 
100, or 400 

• No Frequency Compensation Required 

• Designed to be Interchangeable with 
Fairchild ,.A733M and ,.A733C 

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, 100, or 
400 may be selected without external 
components, or amplification may be adjusted 
from 10 to 400 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 

uA733M. uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

0922. NOVEMBER 1970-REVISEO APRIL 1988 

uA733M ... J DUAL-IN-LiNE PACKAGE 
uA733C ... 0 DR N PACKAGE 

(TOP VIEW) 

IN­
NC 
GAIN ADJ 2B 
GAIN ADJ lB 

VCC+ 
NC 

IN+ 
NC 

GA(N ADJ2A 
GAIN ADJ 1A 

VCC­
NC 

OUT+ '--L __ =t-' OUT-

NC - No internal connection 

UA733M ... U FLAT PACKAGE 

(TOP VIEW) 

IN-
GAIN ADJ 2B 
GAIN ADJ lB 

VCC+ 

IN+ 
GAIN ADJ 2A 
GAIN ADJ 1A 

VCC­
OUT+ ....... _ . __ ,....OUT-

symbol 

GAIN ADJUST lA ----..., 

GAIN ADJUST 2A 

IN+ OUT+ 

IN- OUT-

GAIN ADJUST 18 ___ ..J 

GAIN ADJUST 28 ____ --J 

purpose video and pulse amplifiers where wide bandwidth, low phase shift, and excellent gain stability 
.are required. 

The uA 733M is characterized for operation over the full military temperature range of - 55°C to 125°C; 
the uA733C is characterized for operation from ooe to 70 0 e. 

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

uA733M UA733C UNIT 

Supply voltage Vee + (See Note 1) 8 8 V 

Supply voltage Vee _ (See Note 1) -8 -8 V 

Differential input voltage ±5 ±5 V 

Common-mode input voltage +6 +6 V 

Output current 10 10 mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range -55 to 125 o to 70 °e 

Storage temperature range -65 to 150 -65 to 150 ·e 

Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds I J or U package 300 300 ·e 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I 0 or N package 260 ·e 

NOTE 1. All voltage values, except differential input voltages, are with respect to the midpoint between Vee + and Vee _. 

PRODUCTION DATA do.um •• ta .. nlllin inlorlAllion 
• u"ont as 01 publication data. Preduota .onform to 
spacific.ti.ls par the terms of Tlln I.strumants 

Copyright © 1979. Texas Instruments Incorporated 
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uA733M. uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

DISSIPATION RATING TABLE 

TA s 25°C DERATING DERATE TA - 70°C 
PACKAGE 

POWER RATING FACTOR ABOVE TA POWER RATING 

0 500mW N/A N/A 500 mW 

J luA733M) 500 mW 11.0mW/oe 104°e 500 mW 

N 500 mW N/A N/A 500 mW 

U 500 mW 5.4 mW/oe 57°e 432 mW 

electrical characteristics. Vee + 6 V. Vee- -6 V. TA - 25°e 

PARAMETER 
TEST 

TEST CONDITIONS 
GAIN uA733M 

FIGURE OPTIONt MIN 

1 300 

AVD 
Large-signal differential 

1 VOD = 1 V 2 90 
voltage amplification 

3 9 

1 

8W Bandwidth 2 RS = 50 II 2 

3 

110 Input offset current Any 

liB Input bias current Any 

VICR 
Common-mode 

input voltage range 
1 Any ±1 

VOC 
Common-mode 

output voltage 
1 Any 2.4 

VOO Output offset voltage 1 
1 

2&3 

VOPP 
Maximum peak-ta-peak 

output voltage swing 
1 Any 3 

1 

ri Input resistance 3 VOD s 1 V 2 20 

3 

ro Output resistance 

Ci Input capacitance 3 VOD s 1 V 2 

CMRR 
Common-mode VIC = ±1 V, I s 100 kHz 2 60 

4 
rejection ratio VIC = ±1 V, f = 5 MHz 2 

Supply voltage 
aVCC+ = ±0.5 V, 

kSVR rejection ratio 1 2 50 

laVCC/aVIOI 
aVcC- = ±0.5 V 

Vn 
Broadband equivalent 

5 BW = 1 kHz to 10 MHz Any 
input noise voltage 

1 

tpd Propagation delay time 2 
RS = 5011, 

2 
Output voltage step = 1 V 

3 

1 

tr Rise time 2 
RS=50n, 

2 
Output voltage step = 1 V 

3 

I . Maximum output 
slnklmaxl sink current 

Any 2.5 

ICC Supply current No load, No signal Any 

t The gain option is selected as lollows: 
Gain Option1 ••• Gain-adjust pin 1A is connected to pin lB, and pins 2A and 28 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 lour gain-adjust pins are open. 

TYP 

400 

100 

10 

50 

90 

200 

0.4 

9 

2.9 

0.6 

0.35 

4.7 

4 

24 

250 

20 

2 

86 

70 

70 

12 

7.5 

6.0 

3.6 

10.5 

4.5 

2.5 

3.6 

16 
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TA - 125°C 

POWER RATING 

N/A 

275 mW 

N/A 

135 mW 

uA733C 
UNIT 

MAX MIN TYP MAX 

500 250 400 500 

110 80 100 120 V/V 

11 8 10 12 

50 

90 MHz 

200 

3 0.4 5 "A 
20 9 30 "A 

±1 V 

3.4 2.4 2.9 3.4 V 

1.5 0.6 1.5 

0.35 
V 

1 1.5 

3 4.7 V 

4 

10 24 kll 

250 

20 a 
2 pF 

60 86 
dB 

70 

50 70 dB 

12 ~V 

7.5 

10 6.0 10 ns 

3.6 

10.5 

10 4.5 12 ns 

2.5 

2.5 3.6 mA' 

24 16 24 mA 



uA733M. uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

electrical characteristics. VCC+ - 6 V. VCC- = -6 V. TA - -55°C to 125°C for uA733M. 
ooC to 70 0 C for uA733C 

PARAMETER 
TEST GAIN uA733M uA733C 

FIGURE 
TEST CONDITIONS 

OPTiONt MIN MAX MIN MAX 

Large-signal differential 
1 200 600 250 600 

AVO 1 Voo = 1 V 2 80 120 80 120 
voltage amplification 

3 8 12 8 12 

110 Input offset current Any 5 6 

liB Input bias current Any 40 40 

Common-mode 
VICR 1 

input voltage range 
Any ±1 ±1 

VOO Output offset voltage 1 
1 

2&3 

1.5 1.5 

1.2 1.5 

VOPP 
Maximum peak-to-peak 

1 
output voltage swing 

Any 2.5 2.8 

Co Input resistance 3 VOD s 1 V 2 8 8 

Common-mode VIC = ±1 V, f s 100 kHz 2 50 50 
CMRR 4 

rejection ratio VIC = ±1 V. f = 5 MHz 2 

Supply voltage 
<l.VCC+ = ±0.5 V, 

kSVR rejection ratio 1 
<l.Vtc- = ±0.5 V 

2 50 50 

(<l.VCC/<l.VIOI 

Maximum output 
'sink(max) sink current 

Any 2.2 2.5 

ICC Supply current No load, No signal Any 27 27 

tThe 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 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. 

schematic 
r-------~~----------_.--------~t_------~------~~----~~VCC+ 

INPUT 1 

""{" ADJUST 2A 

590 !l 

2.4 kll 2.4 kll 10 kll 1.1 kll 1.1 kll 

INPUT 2 OUTPUT 1 

50 Il 50 [l ,} .. 
28 ADJUST 

7 kO OUTPUT 2 

590 !l 

400 [l 

~--------------~~------------__ ----------~------e--VCC-

Component values shown are nominal. 

UNIT 

V/V 

p.A 

pA 

V 

V 

V 

k!l 

dB 

dB 

mA 

mA 

U) 

C 
o 
.~ 

CJ 
C 
:::J 

LL 
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uA733M. uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

DEFINITION OF TERMS 

Large-Signal Differential Voltage Amplification (AVO) The ratio of the change in voltage between the output 
terminals to the change in voltage between the input terminals producing it. 

Bandwidth (BW) The range of frequencies within which the differential gain of the amplifier is not more 
than 3 dB below its low-frequency value. 

Input Offset Current (110) The difference between the currents into the two input terminals with the inputs 
grounded. 

Input Bias Current (lIB) The average of the currents into the two input terminals with the inputs grounded. 

Input Voltage Range (Vii The range of voltage that if exceeded at either input terminal will cause the amplifier 
to cease functioning properly. 

Common-Mode Output Voltage (VOC) The average of the doc voltages at the two output terminals. 

Output Offset Voltage (VOO) The difference between the doc voltages at the two output terminals when 
the input terminals are grounded. 

Maximum Peak-to-Peak Output Voltage Swing (VOpp) The maximum peak-to-peak output voltage swing 
that can be obtained without clipping. This includes the unbalance caused by output offset voltage. 

Input Resistance (fj) The resistance between the input terminals with either input grounded. 

Output Resistance (ro) The resistance between either output terminal and ground. 

Input Capacitance (Ci) The capacitance between the input terminals with either input grounded. 

Common-Mode Rejection Ratio (CMRR) The ratio of differential voltage amplification to common-mode 
voltage amplification. This is measured by determining the ratio of a change in input common-mode voltage 
to the resulting change in input offset voltage. 

Supply Voltage Rejection Ratio (kSVR) The absolute value of the ratio of the change in power supply voltages 
to the change in input offset voltage. For these devices, both supply voltages are varied symmetrically. 

Equivalent Input Noise Voltage (Vn) The voltage of an ideal voltage source (having an 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. 

Propagation Delay Time (tpd) The interval between the application of an input voltage step and its arrival 
at either output, measured at 50% of the final value. 

Rise Time (tr) The time required for an output voltage step to change from 10% to 90% of its final value. 

Maximum Output Sink Current (lsink(max)) The maximum available current into either output terminal when 
that output is at its most negative potential. 

Supply Current (ICC) The average of the magnitudes of the two supply currents ICC1 and 'CC2. 
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test circuits 

uA733M. uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

2 kll 

FIGURE 1 FIGURE 2 

FIGURE 3 FIGURE 4 

2B 1B 

2 kll 

2A 1A 

VOLTAGE AMPLIFICATION ADJUSTMENT 

FIGURE 5 FIGURE 6 
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uA133M,uA133C 
DIFFERENTIAL VIDEO AMPLIFIERS 

TYPICAL 'CHARACTERISTICS 

5 

PHASE SHIFT 
vs 

FREQUENCY 

1 1 1 

VCC+ = 6V 
VCC- = -6 V 

""" 
TA - 25°C 

~ I 
o 

.. .. 
! E -5 

I 
:l: .c 
In -10 
:ll .. 
if 

() 

° III 
N 

11 

c( 
I-
t;j .. 
:> 
iii 
> 
g .. 
> 
1 .. 
II: 
c 
0 
.~ 

u :e 
is. 
E 

c( .. 
'" 

-15 

-20 
o 

1.2 

1.1 

1.0 

0.9 

0.8 

i'-
'-.. GAIN 2 

......... 
i'-. 

'-.. 
" ~ 

2 3 4 5 6 7 8 9 10 
f - r!requency - MHz 

FIGURE 7 

VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIffERENTIAL! 

vs 
TEMPERATURE 

, GAil 1 

VCC+ -6V 

VCC- = -6 V 

"-
. "'" I-- uA 733C ---I 

GAIN 2 ~ i GAIN 3 

~ 
i", I ~ 
'i GAIN 2 

r-... 

'" GAli~ 
~ 
> 

-75 -50 -25 0 25 50 75 100 125 

TA -Free-Air Temperature- °C 

FIGURE 9 

50 

o 

-50 

:l -100 
!! 
'" ~ -150 

I :l: -200 
.c 
In -250 
:ll f -300 

-350 

-400 

-450 

> 
<0 
+1 

1 

N 1.4 
+1 
() 
() 

: 1.2 
IV .. 
:> 

~ g 1.0 

~ 
.~ 

Gl 0.8 
II: 

g 
.~ 

~ 0.6 
is. 
E 
c( 

PHASE SHIFT 
vs 

FREQUENCY 

Vcc+ - 6 V -- vCC- - -6 V 
~ TA = 25°C 

GAIN 2 r-. 

1\ 
\ 
\ 

4 10 40 100 

f-Frequency-MHz 

FIGURE 8 

VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) 

vs 
SUPPLY VOLTAGE 

TAl = ~5OC 

400 

/" 

/' 
V 

L I--I-- -::: 
GAIN 3 

~ V f...--~ 

./ 
V 

~AI~ 1 / 
/ 

V 
~ 0.4 
l!l 3 4 5 6 7 8 
g IVcc± I-Supply Voltage-V 

FIGURE 10 
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uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

RESISTANCE BETWEEN G1A AND G1B 
1000 

Vcc+ - 6V 
--f-

VCC- ~ -6 V 
c: 700 0 . ., 
II 

i 400 VOO - 1 V 

E 
CC ., 
'" co 
J: 
0 
> 
1i 
.~ 

I!! ., 
~ 
I 
0 
> CC 

CC 
E 
I 

1: 
I!! ;; 

200 

100 

70 

40 

20 

10 
10 

....... " 

40 100 

TA ~ 25°C 
See Figure 6 

I] 

t'-....... 
r--. 

400 1 k 4 k 10 k 

Radj-Resistance Between G1A and G1B-!l 

20 

18 

16 

14 

12 

FIGURE 11 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

--D I.- uA733C 
t-- r-....... 

u 10 
> 
'is. 

8 CI. 
::I 

C/) VCC+ - 6V 
I 6 
u 
!d 4 

I--VCC- ~ -6 V 
No Load 

f-- No Signal 

2 

o 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature- °C 

FIGURE 13 

SINGLE-ENDED VOLTAGE AMPLIFICATION 
vs 

III 50 
." 
I 
6 
~ 40 
:e 
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E 

CC 30 
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Ii 
..!! 

20 

g' 10 
iii 
I 
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24 
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CC 
E 
I 

16 1: 
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!d 

4 

FREQUENCY 

f-GA1N I 
GAIN 2 

l\ 
1\\ 

\ 
GAIN 3 r'.. 

I I \ 
I-VCC+ - 6 V 

VCC---6V 
I-TA _ 250C 

III 
1 4 10 40 100 

I I 
No Load 

f-Frequencv-MHz 

FIGURE 12 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

I 

I- No Signal 
TA - 25°C V V 

V V 
/' 

V V 

V 

o 
3 4 5 6 7 
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FIGURE 14 
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uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

T¥PICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 

> 
I 5 

CD 

'" ~ 
> 4 
~ 

~ o 

LOAD RESISTANCE 

Vcc+ = 6V 
VCC- = -6V 
TA = 25°C 

-

II 
/ 

V 

40 100 400 1 k 4 k 10 k 

RL -Load Resistance-!2 

FIGURE 15 
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FIGURE 16 

INPUT RESISTANCE 
vs 

FREE-AIR , TEMPERATURE 

~ 
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• Accurate Timing from Microseconds to 
Days 

• Programmable Delays from 1 Time Constant 
to 255 Time Constants 

• Outputs Compatible with TTL and CMOS 

• Wide Supply-Voltage Range 

• External Sync and Modulation Capability 

description 

OUTPUTS 

uA2240C 
PROGRAMMABLE TIMER/COUNTER 

D2442. JUNE 1978 - REVISED MAY 1988 

N DUAL-IN-LiNE PACKAGE 
(TOPVIEWI 

00 Vee 
01 REGULATOR 

} OUTPUTS 02 TIME BASE 
03 ~C } 04 MODULATION' 
05 TRIGGER INPUTS 
06 RESET 
07 GND 

These circuits consist of a time-base oscillator, and eight-bit counter, a control flip-flop, and a voltage 
regulator. The frequency of the time-base oscillator is set by the time constant of an external resistor and 
capacitor at pin 13 and can be synchronized or modulatd by signals applied to the modulation input. The 
output of the time-base section is applied directly to the input of the counter section and also appears 
at pin 14 (time base). The time-base pin may be used to monitor the frequency of the oscillator, to provide 
an output pulse to other circuitry, or (with the time-base section disabled) to drive the counter input from 
an external source. The counter input is activated on a negative-going transition. The reset input stops 
the time-base oscillator and sets each binary output, QO through Q7, and the time-base output to a TTL 
high level. After resetting, the trigger input starts the oscillator and ali Q outputs go low. Once triggered, 
the uA2240C will ignore any signals at the trigger input until it is reset. 

The uA2240C timer/counter may be operated in the free-running mode or with output-signal feedback 
to the reset input for automatic reset. Two or more binary outputs may be connected together to generate 
complex pulse patterns, or each output may be used separately to provide eight output frequencies. Using 
two circuits in cascade can provide precise time delays of up to three years. 

The uA2240C is characterized for operation from O°C to 70°C. 

AVAILABLE OPTIONS 

OPERATING 
TEMPERATURE RANGE 

OOC to 70°C 

VT MAX at 25·C 

2V 

Copyright © 1979, Texas Instruments Incorporated 
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uA2240C 
PROGRAMMABlE· TIMER/COUNTER 

functional block diagram 

Vcc 
(16) 

TRIGGER...l(~ll:..:)+ .... "",", 

RESET ..:(:..:.10~)"+-_~~ 

7kn 

MODULATION (12) 
INPUT 12k(l 

RIC (13). 

REGULATOR 
OUTPUT 

(151 

s 

VOLTAGE 
REGULATOR 

1-..... --1 
.---4""'---+--oI>T QIO--OI)T Q 

----~ GND~(9~)~ ______ -J 
(14) (1) 

Q. . . open-collector outputs 
TBO QO 

T Q 

(2) (8) 

01 07 

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

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Output voltage: 00 thru 07 .................................................. 18 V 
Output current: 00 thru 07 ................................................. 10 mA 
Regulator output current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 5 mA 
Continuous dissipation at (or below) 25°C free-air temperature ..................... 650 mW 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°C 

NOTE 1: Voltage values are with respect to the network ground terminal. 

recommended operating conditions 

MIN NOM MAX UNIT 

Supply voltage. VCC (see Note 2) 4 14 V 

Timing resistor 0.001 10 MO 

Timing capacitor 0.01 1000 /LF 
Counter input frequency (Pin 14) 1.5 MHz 
Pull-up resistor, time-base output 20 kO 
Trigger and reset input pulse voltage 2 3 V 

Trigger and resat input pulse duration 2 /LS 

External clock input pulse voltage 3 V 

External clock Input pulse duration 1 ,.. 
NOTE 2: For operation with VCC s 4.5 V, short regulator output to Vcc. 

4-222 TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 665012 • DALLAS, TEXAS 75266 



uA2240C 
PROGRAMMABLE TIMER/COUNTER 

electrical characteristics at 25°C free-air temperature 

PARAMETER 
TEST 

CIRCUIT 
TEST CONDITIONS MIN TYP 

1 Vee = 5 V, Trigger and reset open or grounded 3.9 4.4 
Regulator output voltage 

2 Vee - 15 V, Trigger and reset open or grounded 5.8 6.3 

Modulation input open 
1 

Vee - 5 V, Trigger and reset open or grounded 2.8 3.5 

circuit voltage Vee - 15 V, Trigger and reset open or grounded 10.5 

Trigger threshold voltage 1 Vee - 5 V, Reset at 0 V 1.4 

High·level trigger current 1 Vee - 5 V, Trigger at 2 V, Reset at 0 V 10 

Reset threshold voltage 1 Vee - 5 V, Trigger at 0 V 1.4 

High-level reset current 1 Vee - 5 V, Trigger at 0 V 10 

Counter input (time basel 
2 Vee = 5 V, Trigger and reset open or grounded 1 1.4 

threshold voltage 

Low-level output current, 
2 

Vee - 5 V, 

00 thru 07 VOL < 0.4 V 

Trigger at 2 V, Reset at 0 V, 
2 4 

High-level output current, 
2 VOH = 15 V, Reset at 2 V, Trigger at 0 V 0.01 

00 thru 07 

1 Vee = 5 V, Trigger at 0 V, Reset at 5 V 4 

Supply current 1 Vee- 15V, Trigger at 0 V, Reset at 5 V 13 

3 V+ - 4 V 1.5 

operating characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST 

CIRCUIT 
TEST CONDITIONSt MIN TYP 

Initial error of time base ~ 1 Vee = 5 V, Trigger at 5 V, Reset at 0 V ±0.5 

Temperature coefficient 
1 TA = Doe to 70 0 e 

Vee - 5 V -200 

of time-base period I Vee - 15V 80 

Supply voltage sensitivity 

of time-base period 
1 Vee'" 8 V -0.08 

Time-base output frequency 1 Vee = 5 V, R = MIN, e = MIN 130 

From trigger input 1 
Propagation delay time see Note 3 

From reset input 0.8 

Output rise time 

Output fall time 
2 RL=3k11. eL = 10 pF 00 thru 07 

180 

180 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
~This is the time-base period error due only to the uA2240e and expressed as a percentage of nominal (1.00 Rei. 

MAX UNIT 

6.8 
V 

4.2 
V 

2 V 

",A 

2 V 

",A 

V 

mA 

15 ,.A 

7 

18 mA 

MAX UNIT 

±5 % 

ppm/oe 

-0.3 %/V 

kHz 

",s 

ns 

NOTE 3: Propagation delay time is measured from the 50% point on the leading edge of an input pulse to the 50% point on the leading 
edge of the resulting change of state at 00. 
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uA2240C 
PROGRAMMABLE TIMER/COUNTER 

PARAMETER MEASUREMENT INFORMATION 

VCC 

R ~ 10 k!l 
(UNLESS OTHERWISE 

SPECIFIED) 

0.011lF 

CONNECTED FOR OPERATING 
CHARACTER ISTICS TESTS ONLY 

C=0.1IlF 
(UNLESS OTHERWISE I 

SPECIFIED) 

MOD VCC 
TRIG 

RESET 

20 k!l 

EACH ao THRU a7 OUTPUT LOAD = 10 k!l 

FIGURE 1. GENERAL TEST CIRCUIT 

1 k!l 
(DISABLES 

OSCILLATOR) TRIG 

Vee 

REG (aPEN) 

OUT 

3V--n n 
ov---l LJ L 

INPUT SIGNAL FOR 
OPERATING CHARACTERISTICS 

TESTS ONLY EACH ao THRU a7 OUTPUT LOAD = RL 

.. 

.. 

FIGURE 2. COUNTER TEST CIRCUIT 

.. 

TRIG 

RESET 

.. (OPEN) 

REG 
OUT 

V+=4V 

.... 

EACH ao THRU a7 OUTPUT LOAD = 10 k!l 

FIGURE 3. REDUCED-POWER TEST CIRCUIT (TIME BASE DISABLED) 

"'These connections may be open or grounded for this test. 
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uA2240C 
PROGRAMMABLE TIMER/COUNTER 

'" c 
·E 
j:: ... ., 
.!::! 
iii 
E 
0 
2 
I 

"I~ 

TYPICAL CHARACTERISTICS 

2.5 

2.0 

1.5 

1.0 

0.5 

o 
1 

NORMALIZED TlME·BASE PERIOD 
vs 

MODULATION INPUT VOLTAGE 

/ 

! 
V 

/ 
/ 

./' 
'" 

2 3 4 5 
Modulation Voltage-V 

FIGURE 4 

6 

TYPICAL APPLICATION INFORMATION 

Figure 5 shows voltage waveforms for typical 
operation of the uA2240C. If both reset and 
trigger inputs are low during power-up, the 
timer/counter will be in a reset state with all 
binary (a) outputs high and the oscillator 
stopped. In this state, a high level on the trigger 
input starts the time-base oscillator. The initial 
negative-going pulse from the oscillator sets the 
a outputs to low logic levels at the beginning of 
the first time-base period. The uA2240C will 
ignore any further signals at the trigger input until 
after a reset signal is applied to the reset input. 
With the trigger input low, a high level at the 
reset input will set a outputs high and stop the 
time-base oscillator. If the reset signal occurs 
while the trigger input is high, the reset is 
ignored. If the reset input remains high when the 
trigger input goes low, the uA2240C will reset. 

FIGURE 5. TIMING DIAGRAM OF 
OUTPUT WAVEFORMS 
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uA2240C 
PROGRAMMABLE TIMER/COUNTER 

TYPICAL APPLICATION INFORMATION 

In monostable applications of the uA2240C, one or more of the binary outputs will be connected to the 
reset terminal as shown in Figure 6. The binary outputs are open-collector stages that can be connected 
together to a common pull-up resistor to provide a "wired-OR" function. The combined output will be 
low as long as anyone of the outputs is low. This type of arrangement can be used for time delays that 
are integer multiples of the time-base period. For example, if 05 (25 = 32) only is connected to the reset 
input, every trigger pulse will generate a 32-period active-low output. Similarly, if 00, 04, and 05 are 
connected to reset, each trigger pulse creates a 49-period delay. 

In astable operation, the uA2240C will free-run from the time it is triggered until it receives an external 
reset signal. 

The period of the time-base oscillator is equal to the RC time constant of an external resistor and capacitor 
connected as shown in Figure 6 when the modulation input is open (approximately 3.5 V internal, see 
Figure 4). Under conditions of high supply voltage (VCC > 7 V) and low value of timing capacitor 
(C < 0.1 ,.F), the pulse duration of the time-base oscillator may be too short to properly trigger the counters. 
This situation can be corrected by adding a 300-pF capacitor between the time-base output and ground. 
The time-base output (T80) is an open-collector output that requires a 20-kll pull-up resistor to Pin 15 
for proper operation. The time-base pin may also be used as an input to the counters for an external time­
base or as an active-low inhibit input to interrupt counting without resetting. 

The modulation input varies the ratio of the time-base period to the RC time constant as a function of 
the dc bias voltage (see Figure 4). It can also be used to synchronize the timer/counter to an external clock 
or sync signal. 

The regulator output is used internally to drive the binary counters and the control logic. This terminal 
can also be used to supply voltage to additional uA2240C devices to minimize power dissipation when 
several timer circuits are cascaded. For circuit operation with an external Clock, the regulator output can 
be used as the VCC input terminal to power down the internal time base and reduce power dissipation . 
When supply voltages less than 4.5 V are used with the internal time base, Pin 15 should be shorted to 
Pin 16. 

(16) 

VREG (15) 

R 20kn 
(13) RC TBO (14) 

r-!:.1 
.,.. "F 

uA2240 

(12) MODULATOR 
.OUTPUT 

(11) TRIGGER 

(10) RESET 

47 kn GND 
(9) 

Sl 

FIGURE 6. BASIC CONNECTIONS FOR TIMING APPLICATIONS 
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• Single-Supply Operation: 
Input Voltage Range Extends to Ground 
Output Swings to Ground While Sinking 
Current 

• Input Offset Voltage ••• 150 !1A Max at 25°C 
for LT1013AM, LT1013AC 

• Offset Voltage Temperature Coefficient ••• 
21J,VrC Max for LT1013AM, LT1013AC 

• Input Offset Current •.• 0.8 nA Max at 25°C 
for LT1013AM, LT1013AC 

• High Gain ••• 1.5 V/IJ,V Miri (RL = 6000l, 
0.8 V/IJ,V Min (RL = 2 kO) for LT1013AM, 
LT1013AC 

• Low Supply Current ..• 0.5 mA Max at 25°C 
for LT1013AM, LT1013AC 

• Low Peak-To-Peak Noise Voltage •.• 
0.551J,VTyp 

• Low Current Noise ••• 0.07 PAi/Hz Typ 

LT1013 
DUAL PRECISION OP AMP 

03237, MAY 19S5-REVISED FEBRUARY 19S9 

o PACKAGE 

(TOP VIEW) 

#1IN+ OS #1IN-
Vcc- 2 7 #1 OUT 

#2IN+ 3 6 Vcc+ 
# 2 IN - 4 5 # 2 OUT 

JG OR P PACKAGE 

(TOP VIEW) 

# 10UTOS Vcc+ 
# 1 IN - 2 7 # 2 OUT 

# 1 IN + 3 6 # 2 IN-

Vcc- 4 5 #2IN+ 

#1 OUT 

#1 IN-

#1 IN+ 

LPACKAGE 

(TOP VIEW) 

Vcc+ 

Vcc-

#2 OUT 

#2IN-

#2IN+ 

Pin 4 (L package) is in electrical contact with the case. 

description 

The L T1 013 is a precision dual operational amplifier with an B-pin industry-standard configuration. It features 
low offset voltage temperature coefficient, high gain, low supply current, and low noise. 

The LTl 013 can be operated from a single 5-V power supply; the common-mode input voltage range includes 
ground, and the output can also swing to within a few millivolts of ground. Crossover distortion, so apparent in 
previous single-supply designs, is eliminated. The L T1 013 is fully specified for both dual ± 15-V and single 5-V 
supplies. 

The LTl 013AM and LTl 013M are characterized for operation over the full military temperature range of -55°C 
to 125°C. The LT1013AC, LT1013C, and LT1013D are characterized for operation from DoC to 70°C. 

AVAILABLE OPTIONS 

PACKAGE 

TA VloMAX SMALL OUTLINE CERAMICOIP METAL CAN PLASTICOIP 
at 25'C 

(O) (JG) (L) (P) 

O'C 150llV LT1013ACJG LT1013ACL 

to 300IlV LT1013CJG LT1013CL LT1013CP 

70'C BOOIlV LT1013DD LT1013DP 

-55'C 150llV LTt013AMJG LT1013AML 

to 125'C 300 llV LT1013MJG LT1013ML 

The 0 package is available taped and reeled. Add the suffix R to the device type (e.g., LTtOI30DR). 

PRODUCT PREVIEW documents contain information 
on products in the formative or design ~h8se of 
developmant. Characteristic data anil othar 

=~~t:=:sr~~ dt:i:r.:::I!r TIi:::~':::~~= 
products without notice. 
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LT1013 
DUAL PRECISION OP AMP 

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

Supply voltage, VCC+ (see Note 1) ............................. :.............. 22 V 
Supply voltage, VCC- ......•............•.....................•.•...•.... -22 V 
Differential input voltage ........................•........•................. ±30 V 
Input voltage range, VI ......................................... VCC- -5 V to VCC+ 
Duration of output short-circuit at (or below) 25°C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... unlimited 
Operating free-air temperature range: LT1013AM, LT1013M ................... -55°C to 125°C 

LT1013AC, LT1013C, LT1013D. . . . . . . . . . . . . . .. 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: D or P package . . . . . . . . . . .. 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG or L package ............ 300°C 

NOTE 1: All voltage values, except differential voltages, are with respect to the midpoint between VCC+ and VCC-. 
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LTC1052, LTC7652 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 

Input Offset Voltage ..• 5 f,LV Max at 25°C 

Temperature Coefficient of Input Offset 
Voltage ... 0.01 f,LV/oC Typ 

Long-Term Drift of Input Offset Voltage ... 
100 nVlmo Typ 

Maximum Input Bias Current .•. 30 pA at 
25°C 

Minimum Differential Voltage Amplification 
Over Full Temperature Range .•. 120 dB 

Minimum Common-Mode Rejection Ratio 
Over Full Temperature Range ••• 120 dB 

Minimum Supply Voltage Rejection Ratio 
Over Full Temperature Range .•• 120 dB 

Single-Supply Operation from 4.75 V to 16 V 
(Input Voltage Range Extends to Ground) 

External Capacitors Can Be Returned to 
VDD- with No Noise Degradation 

03238, MAY 1988 - REVISED MARCH 1989 

LTC1022 .•. JG OR P PACKAGE 

(TOP VIEW) 

CXA[j8 CXB 
IN- 2 7 Voo+ 
IN + 3 6 OUT 

Voo- 4 5 CLAMP 

LTC1052, LTC7652 ••• L PACKAGE 

(TOP VIEW) 

Pin 4 (L package) is in 
electrical contact with the case. 

description 
AVAILABLE OPTIONS 

The L TC1052 and L TC7652 are low-noise 
chopper-stabilized operational amplifiers 
manufactured using CMOS silicon-gate 
technology. The devices are well-suited for 
applications such as thermocouple amplifiers, 
strain-gauge amplifiers, low-level signal 
processing, and medical instrumentation. 

TA 

-40°C 
to 

85°C 
55°C 
to 

125°C 

CERAMIC DIP 

(JG) 

LTC1052CJG 

LTC1052MJG 

-
PACKAGE 

METAL CAN PLASTIC DIP 

(L) (p)-
LTC1052CL 

LTC7652CL 
LTC1052CP 

LTC1052ML LTC1052MP 

Chopper stabilization constantly corrects input 
offset voltage errors, including both errors in the 1:) 
initial input offset voltage and errors in input offset voltage due to time, temperature, and common-mode input ~ 
Voltage. The chopper circuitry is internal and completely transparent to the user. Only two external capacitors 0 
are required to alternately sample and hold the offset correction voltage and the amplified input signal. rt 
Low-frequency (1/f) noise is also improved by the chopping technique. Instead of noise increasing 
continuously at a rate of 3 dB/octave, the internal chopping causes noise to decrease at low frequencies. 
Picoampere input currents further enhance the performance of these devices. 

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

PRODUCT PREVIEW Information concern. products 
In Ih. formative or de.lgn pha •• of d .. alopmenl. 
CharactariSilc data and olher specifl,atlons ara 
design goals. TosallnSiruments .. sorveslhe rlghtlo 
change Dr discontinue these products without notice. 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655012 • DALlAS. TEXAS 75265 
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LTC1052,LTC7652 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 

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

Supply voltage, Voo+ (see Notes 1 and 2) ................................................ 8 V 
Supply voltage, Voo- (see Notes 1 and 2) ............................................... -8 V 
Input voltage range, VI (any input, see Note 1) ....................... " .................. ±16 V 
Ouration of short-circuit current at (or below) 25°C (see Note 2) ........................... unlimited 
Operating free-air temperature, T A: M-suffix ..................................... -55°C to 125°C 

C-suffix .................... , ....•............ -40°C to 85°C 
Storage temperature rE\nge ................................................... -65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package .............. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: P package ......... : ......... 260°C 

NOTES: 1. All voltage values, except differential voHages, are with respect to the midpoint between voo+ and VOO-', 
2. Connecting any terminal to voltages greater than VOO + or less than VOO- may cause destructive latch-up. No sources operating 

from external supplies should be applied prior to device power-up. 
3. The output may be shorted to eHher supply. 
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LTC1052, LTC7652 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 

electrical characteristics at specified free-air temperature, Voo± = ± 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS TAt 
LTC1052M 

MIN TYP MAX 

VIO Input offset voltage 25°C 0.5 5 

aVIO 
Temperature coefficient 

Full range O.Ot 0.05 
of input offset voltage 
Long-term drift of 

25°C 100 
Input offset vottage VIC = 0, RS = 50 0 

110 Input offset current 
25°C 5 30 

Full range 2000 

liB Input bias current 
25°C 1 30 

Full range 1000 

Common-mode Input 
-5 

VICR RS=500 Full range to 
voltage range 

2.7 

VOM 
Maximum peak output RL = 100 kO, See Note 4 25°C 4.95 
voltage swing RL = 10 kO, See Note 4 Full range 4.7 

AVO 
Large-signal differential 

Vo = ±4V,RL· 10kO 
25°C 120 150 

voltage amplification Full range 120 

fch 
Internal chopping 

25°C 330 
frequency 

On-state clamp current RL = 100kO 
25°C 100 

Full range 25 

OIl-state clamp current Vo = -4Vt04V 
25°C 10 100 

Full range 2 

CMRR 
Common-mode Vo = 0, VIC = VICR min, 25°C 120 140 
rejection ratio RS = 500 Full range 120 

kSVR 
Supply-voltage rejection VCC± = ±2.375 V to ±8 V 25°C 120 150 
ratio (~VCC± I ~VIO) Vo = 0, RS = 500 Full range 120 

100 Supply current Vo = 0, No load 25°C 1.7 2 
Full range 3 

tFull range is -55°C to 125°C for the LTC1052M and -40°C 10 85°C for the LTC1052C and LTC7652C. 
NOTE 4: Output clamp is not connected. 

operating characteristics, VOO± = ±5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 
SR Slew rate RL = 10 kO, CL = 50 pF 

VNPP Peak-IO-peak equivalent input noise voltage 
RS = 10001010Hz 
RS = 1000101 Hz 

l(l Input noise current (see Note 5) f _ 10 Hz 

GBP Gain bandwidth product 

NOTE 5: Equivalent input noise current is calculated as follows: In = (2q x liB) 112, where q = 1.6 x 10-19• 

TEXAS ." 
INSTRUMENlS 

POST OFFICE sox 655012 • DALLAS. TEXAS 75265 

LTC1052C, LTC7652C 
UNIT 

MIN TYP MAX 
0.5 5 IlV 

0.01 0.05 IlV/oC 

100 nVlmo 

5 30 
pA 

350 
1 30 

pA 
175 

-5 
to V 

2.7 
4.95 

4.7 
V 

120 150 
120 

dB 

330 Hz 

100 
IlA 

25 
10 100 pA 

1 nA 
120 
120 

140 
dB 

120 
120 

150 
dB 

1.7 2 
3 

mA 

MIN TYP MAX UNIT 
4 VIIlS 

1.5 
IlV 

0.5 
0.6 fAl..JHi 
1.2 MHz 
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TLE2021, TLE2022, TLE2024 
Excalibur HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 
03197, JANUARY 1989 

• Excellent Input Offset Voltage Stability with 
Temperature ••. 2 !J.vrc Typ 

• Phase-Reversal Protection 

• Stable Supply Current with Temperature ... 
0.08 !J.Arc Typ • Long-Term Drift of Input Offset Voltage ..• 

0.005 !J.V/mo Typ 

• High Slew Rate .•. 0.9 V/!J.s Typ 

• High Unity-Gain Bandwidth ... 2 MHz Typ 

• LoW Supply Current •.• 200 J-lA/Amplifier 

description 

• Full Electrical Parameters Specified at 
VCC± = ±15 V and VCC = 5 V to GND 

• Common-Mode Input Voltage Range 
Includes the Negative Rail 

The TLE2021, TLE2022, and TLE2024 are high-precision, high-speed, low-power operational amplifiers using 
Texas Instruments patent-pending Excalibur process. Available in standard-pinout single, dual, and quad 
configurations, these devices offer improved slew rate and unity-gain bandwidth performance over the 
popular OP21, OP221, and OP421. A wide variety of packaging options is available, including small-outline 
(SO) and chip carrier versions for high-density systems applications, 

The complementary bipolar Excalibur process uses isolated vertical P-N-P transistors that yield dramatic 
improvement in gain-bandwidth product and slew rate compared to similar devices. The addition of a patent­
pending bias circuit in conjunction with this process results in unsurpassed parameter stability with both time 
and temperature, This means that a "precision" device remains a precision device even with extreme changes 
in temperature and over years of use. 

The combination of excellent dc performance with a common-mode input voltage range that includes the 
negative rail makes these devices an ideal choice for low-level signal conditioning applications in either 
single-supply or split-supply configurations. Additionally, 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. 

U) 

~ 
Q) 

The M-suffix devices are characterized for operation over the full military temperature range of -55·C to 'Q) .. > 
125·C. The I-suffix devices are characterized for operation from -40·C to 85·C, and the C-suffix devices are 
characterized for operation from O·C to 70·C, a. 

PRODUCT PREVIEW do.umanto .ontaln info,mation 
on p ..... uc\a in the formltlvl 0' doaign ~he .. of 
dlvelopment. Cher •• teristi. dote In~ otho, 

::t'::tl::s ,rg':t dt':."I::I~::I~, T3;~::~~:~:~::'~ 
produ.ts without notl ••. 
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TLE2021, TLE2022, TLE2024 
Excalibur HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL' AMPLIFIERS 

TLE2021 ... O. JG. ORP PACKAGE 

ITOP VIEW) 

OFFSET N1 []B NC 
IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC-/GND 4 5 OFFSET N2 

TLE2022 ... O. JG. OR P PACKAGE 

ITOP VIEW) 

# 1 OUT[]B VCC + 
# 1 IN - 2 7 # 2 OUT 
# 1 IN + 3 6 # 2 IN-

VCC-/GND 4 5 #2IN+ 

TLE2024 ... OW PACKAGE 

ITOP VIEWI 

#1 OUT 

#1 IN­
#lIN+ 

VCC+ 
#2IN+ 
#2IN­
#2 OUT 

NC 
""----' ..... 

NC-No internal connection 

#4 OUT 
#4IN-
#4IN+ 

VCC-/GND 
#3IN+ 
#3IN-
#3 OUT 
NC 

TLE2021 ... L PACKAGE 

ITOPVIEWI 

NC 

VCC-/GND 

TLE2022 ..• L PACKAGE 

ITOP VIEWI 

VCC+ 

VCC-/GND 

TLE2024 ... J OR N PACKAGE 

ITOPVIEWI 

#1 OUT 
#1IN-
#lIN+ 

VCC+ 
#2IN+ 
#2IN-
#2 OUT 

6 

7 

#4 OUT 
#4IN­
#4IN+ 

VCC-/GND 
#3IN+ 
#3IN-

5-10 , TEXAS'" 
INSTRUMENTS 

TLE2021 ... FK PACKAGE 

ITOPVIEW) 

U~UUU zzzzz 
3 2 1 20 19 

4 lB 

IN- 5 17 

6 16 

7 15 

8 14 

9 1011 1213 

UOUNU 
ZZZZZ 
~ 

I 
U 
U 
> 

TLE2022 •.. FK PACKAGE 

ITOPVIEW) 

~ 
=> + o U 

U ~ U UU 
Z .. Z>Z 

3 2 1 20 19 

4 18 

5 17 

16 

7 15 

8 14 

9 1011 1213 

TLE2024 ... FK PACKAGE 

(TOP VIEWI 

# 1 IN + 4 

VCC+ 5 
NC 6 

#2IN+ 7 
#2IN- 8 

3 2 1 20 19 

!;~!;~~ 
00-
N C"l C"l .. .. .. 

lB 

17 

16 

15 

14 
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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 explained in 
the following example. 

EXAMPLE: 

Prefix ------------------------~ 

MUST CONTAIN TWO OR THREE LETTERS 

SN ... TI Special Functions or Interface Products 
TL, TLE ................. TI Linear Products 
TLC ..... TI Linear Silicon-Gate CMOS Products 

STANDARD SECOND-SOURCE PREFIXES 

LT.. Linear Technology 
LTC . Linear Technology 

uA . . . .. Fairchild/National 

MC ........ Motorola 
LF, LM, LP, 

or MF . . . . .. National 

OP .. ; ............ PMI 
RC, RM, or RV . Raytheon 
NE, SA, or SE .. Signetics 

Unique Circuit Description Including Temperature Range -------' 

MUST CONTAIN TWO TO SIX CHARACTERS 
(From Individual Data Sheets) 

Examples: 853 
1078 

2652A 
27M2AC 

Package--------------------------J 

MUST CONTAIN ONE OR TWO LETTERS 

0, OW, FK, FN, J, JG, L, LP, LU, N, NT, P, U, W 
(From Pin-Connection Diagrams on Individual Data Sheet) 

514M J /8838 

MIL-STD-8838, Method 5004, Class B --------------' 

OMIT/883B WHEN NOT APPLICABLE 

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 in the most practical carrier. 

Small Outline (0, OW) 
Dual-In-Line (J, JG, N, NT, P) 
-Slide Magazines 
-A-Channel Plastic Tubing 
- Sectioned Cardboard Box 
-Individual Cardboard Box 

Chip Carriers (FK, FN) 
-Anti-Static Plastic Tubing 

Flat (U, W) 
-Milton Ross Carriers 

TEXAS ." 
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Plug-In (L, LP, LU) 

-Sectional Cardboard Box 
-Individual Cardboard Box 
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MECHANICAL DATA 

0008. 0014. and 0016 plastic "small outline" packages 

Each of these "small outline" packages consists ot a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

0008, 0014. and 0018 
(16-pin packaga usad for lIIustrationl 

f 
6.20 10.244) 

5.80 10.228) I 
4.0010.157) 

1.7510.069) 

1.35 10.053) 

-r----

I -

r 7'NOM 

4 PLACES 

jl~ 
0.35610.014) 

0.7910.0311 

0.2810.0111 
PIN SPACING 
1.27 10.050) 
(See Note A) 

~ DIM 

A MIN 

A MAX 

8 

4.80 

(0.1891 

5.00 
(0.1971 

14 18 

8,55 9,80 

(0.3371 (0.3881 

8,74 10,00 

(0.3441 (0.3941 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,25 (0.0101 radius of true position at maximum material dimension. 
B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0.15 (0.006). 
D. Lead tips to be planar within ±0,051 (0.0021 exclusive of solder. 
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MECHANICAL DATA 

DW016. DW020. DW024. and DW028 plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

DW016, DW020, DW024, and DW028 
(20-pln package used for Illustration) 

r;=~' 
~r20 
10,1510.400) 

7,55 (0.2971 

"'51~~G)~,~;=~~;=~~;=~~~ 

~r
'ONOM 

~ 4 PLACES 

2'35F:=J~ 
9,0 (0.354) 

0,5 fa.02) X 45°LC-~---' 
rl:( -)1 

~-, -, - I I 0.49010.0'91 
0,10 (0.0041 I I -tl It-0,350 (0.014) 

0,785 (0.0311 lU' 
~ 

1,27 (0.050) TP (See Note Al 

~Jj Ll r 40 40 \,..,0 NOM ~ '. 4 PLACES P 
0,230 (0.009) 1,27 (0.050) 

~ 

~ DIM 
16 20 24 28 t 

A MIN 
10,16 12,70 15,29 17,68 

(0.4001 (0.500) (0.602) (0.696) 

A MAX 
10,36 12,90 15,49 17,88 

(0.408) (0.508) (0.610) (0.704) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

tThe 2a-pin package draWing is presently classified as Advance Information. 
NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension. 

B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.006). 
D. Lead tips to be planar within ±0,051 (0.002) exclusive of solder . 
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MECHANICAL DATA 

FK020 and FK028 ceramic chip carrier packages 

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid 
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (O,050-inch) 
centers, Terminals require no additional cleaning or processing when used in soldered assembly, 

FK package terminal assignments conform to JEDEC Standards 1 and 2, 

FK020 and FK028 
128,termlnal package shownl 

18 

JEDEC 
OUTLINE 

OESIGNATION' 

MS004CB 

MS004CC 

CERAMIC CHIP CARRIERS 

NO.OF A 
TERMINALS MIN MAX 

20 
B,69 9,09 

10.3421 10.3581 

28 
11,23 11,63 

10.4421 10.4581 

B 
MIN MAX 

7,80 9,09 
10.3071 10.3581 
10,31 11,63 

10.4061 10.4581 

*AII dimensions and notes for the specified JEDEC outline apply, 

as ... as 
Q 

'i 
u 
'2 
as .c u 
CD 

0~110,O~111 ~ 
0,56 10.0221"1 r-

L-_____________ A_L_L_Ll_N_EA_R __ D_IM_E_N_S_IO_N_S_A_R_E_I_N_M_1_LL_IM __ ET_E_R_S_A_N_D_P_A_R_E_N_TH_E_T_IC_A_L_L_Y_IN __ IN_C_H_E_S ______________ ~ ~ 
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MECHANICAL DATA 

FN020. FN028. FN044. FN068. and FN084 plastic chip. carrier packages 

Each of these chip carrier packages cons.ists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation. and circuit performance characteri!ltics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 

FN020, FN028.FN044. FN068. andFN084 
(28-terminal package used for illustration I 

12210048) Ii 1:07 10:042) X45° 

V 0 
5 • 3 2 1 28 27 26 

6 

7. 

12 13 14 15 16 17 18 

25 

2. 

23 

22 

21 

20 

19 

I 
u~: 
I~- B .r~1' 0.2510.010) R M X 
~ ___ A_(s_e_e_N_ot_e_A_)_~.. 3 PLACES A 

NO. Of A 8 C 

TERMINALS MIN MAX MIN MAX MIN MAX 

20 
9.78 10.03 8.89 9.04 7.87 8.38 

(0.385) (0.395) (0.350) (0.356) (0.310) 10.330) 

12.32 12.57 11.43 11.58 10.41 10.92 
28 

(0.485) (0.495) (0.450) (0.456) (0.410) (0.430) 

44 
17.40 17.65 16,51 16.66 15,49 16,00 

(0.685) (0.695) (0.650) (0.656) (0.610) (0.630) 

68 
25.02 25;27 24.13 24.33 23.11 23.62 

(0.985) (0.995) (0.950) (0.956) (0.910) (0.930) 

30.10 30.35 29,21 29.41 27.69 28,70 
84 

(1.185) 11.195) 11.150) (1.1581 11.090) (1.130) 

I 
SEATING PLANE 

(See Note C) 

0,81 10.032)--jo---oI 

0,66 10.026) ~T 
1,5210.060) MIN 

i...J. 
I ~ 10.025) MIN 

0.51 10.020) -0( 'F-
0.36 (0.014) I 

LEAD DETAIL 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Centerline of center pin each side is within 0.10 10.004) of package centerline as determined by dimension B. 
B. Location of each pin is within 0.127 (0.005) of true posltion'with respect to center pin on each side. 
C. The lead contact paints are planar within 0,10 (0.004). 
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MECHANICAL DATA 

JO 14 ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

J014 

r--~::~::~;~~: --j 
I ~~~®@CV9( I 

0.6310.025) RNOM i: : : : : : : ! 
7.8710310) 
~ 

7,11 (0.280) 
6,22 (O.L45) 

--j 1_ I 1.27 0.5110.020) MINl --- I- 1.7810.070) MAX 14 PLACES 

J:J 10.050) NOM I 1 ffi 5.0~~:00) 10' H H H H J-j jJ ~S~,';~!~T 
1~~•• -SEATING PLANE R] ~ ~ ~ ~ --1 f. O.6f4(~~~~)E~IN 

14 PLACES ~\4- ) 
r- . I- I -II ~ ~:~: :~:~~~) 14 PLACES 

~:~~ :~:~~:; 3.3~\~130) 2,54 (0.100) ~ {SBe Notes B & C) 

14 PLACES 1,78 (a.07D) PIN SPACING 2,54 (0.100) T.P. 
4 PLACES (See Note Al 

Falls Within JEDEC TO·116 and EIA MO-001AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.0101 of its true longitudinal position. 
B. This dimension does not apply lor solder-dipped leads. 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0,51 (0.0201 above the 

seating plane. 
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MECHANICAL DATA 

J016 ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

J016 

Ii. Ii. g 7,87(0.3101 
7,37 (0.2901 

7,11(0.2801 
6,22 (0.2451 bdw,,-,~ 

~ - SEATING PLANE 

~,t. ~ 
16 PLACES \ \ 0,36 (0.014) 

--,\A" 0,20 (0.008) 
16 PLACES 

L 1994 (0.785l-------i 1 19,18(0.755) I 
~@@@®®@G) 

.a.~"oo't:::::J 
G)G)G)0®00® 1 r 1,78(0.070) MAX 16 PLACES 

,-------
5,08(0.200) ~ Ir-I»>!-I A~~~"'1111""'11 JtDI""'III""D~~ SE~LL';.~T 

1;0~5~\~020)' l~ ~~W-~' 1 O,6~2(g~X~~~'N 
3,30 (0.130) ,J I I jL 0,58 (0023) 

MIN ~ -1~fi;38llf.lli5j 16 PLACES 
0,305 (0.012) MIN ISe8 Notes B and C) 

4 PLACES 

PIN SPACING 2,54(0.100) T.P. ~:~~ :~:~~~: 4 PLACES 
(See Note Al 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010l of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 10.020) above the 

seating plane. 
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MECHANICAL DATA 

JO 18 ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows 
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering. Tin-plated ("bright-dipped") leads require no additional 
cleaning or processing when used in soldered assembly. 

J018 

7.87 (0.3101 
7.37 (0.2901 

1.62 (0.3001 
6.22 (0.2451 

00®0®®0®® 
-1 ~ r- 1.21 (0.0501 NOM 

~ 5.0~~:fol 
SEATING.j. ---

..1!!2!. PLANE 3.30 (0.13OIf 
90 0 MIN 

18 PLACES -,,..-------

..J IL-0.356 (0.0141 1" -H 
~\ 0.203 (0.0081 

18 PLACES 
PIN SPACING 2.54 (0.1001 

(See Note A) 

MAX 18 PLACES 

0,69 (0.027) MIN 
114-++--+1+-14 PLACES 

(See Notes B & CI 

0.58 (0.0231 
0.38 (0.0151 
18 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 

~I '. I 
.! \, ' 

C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 
seating plane. 
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MECHANICAL DATA 
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JGOOB ceramic dual-in-line package 

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and an a-pin lead 
frame; The package is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note A). 
Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the 
board during soldering. 

JG008 

~
10'2 (0'400)~ 
9.0 (0.355) 

0000 
0,63 (0.025) R NOM 

'"-____ *-_ 7)17 (0.310) 
,.. 7.37 (0.290) 

7,11 (0.280) 0000 
6.22 (0.245) 

.....J L 1.78 (0.070) MAX 8 PLACES1 I L -I,27(0.050)NOM E!r\ T I 
5,08 (0.200) 

MAX 

--SEATING PLANE-....,....L----r-I 

105· 
90· 

8 PLACES J I.-- 0,36 10.014) 
~\- 0,2010.008) 

8 PLACES I I 
I I 

1- 1 PIN SPACING 
F+2,54 (0.100) T.P. 

(See Note A) 

GLASS 
SEALANT 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0.25 (0.010) of its true longitudinal pOSition. 
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MECHANICAL DATA 

L008 metal cylindrical package 

This hermetically sealed cylindrical package consists of a welded metal base and cap with individual leads 
secured by an insulating glass sealant. The gold-plated leads (-00) require no additional cleaning or 
processing when used in soldered essembly. 

Looa 
1.0210.0401 

4.7010.1851 h11 MAX 

4.1910.1651 -1 
-----~---~ 

8.5113351 
7.75/0.3051 

2.54/0.1001 T.P. 
(See Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

Same as JEDEC TO·99 and MO·002AK except for diameter of standoff 

NOTE A: Each lead is located within 0,18 (0.0071 of its true position at maximum material condition. 
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MECHANICAL DATA 

LPO03 cylindrical plastic package 

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound, 
The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics remain stable when operated in high-humidity conditions, Leads require no additional cleaning 
or processing when used in soldered assembly, 

LP003 

SEATING PLANE 

~1'27 (0.0501 

1,27 ± 0,13 
(0.060 ± 0.0051 

4.19 (0.1651 
3,17 (0.1251 

2,67 (0.105) 
2,03 (0.0801 '---r -E,r--j -_.. .';~:~ .. 

343~L=== -::F---------±+----
~::~~ :~~~~: I 12,7105001 MIN I +-~--7""-t-~ 

"j....--- ~ 3 LEADS 
::!! :~:!~:: DIA 

Falls Within JEDEC TO-226AA Dimensions 

(TO-226AA Replaces TO-921 

0.43 + 0,13, -0.03 WIDE 
0,38 ± 0,03 THICK 
(0.017 ± 0.005, -0.001 WIDE 
0.015 ± 0.001 THICK I 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Lead dimensions are not controlled within this area. 
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MECHANICAL DATA 

LU003 plastic package 

This package consists of a circuit mounted on a lead frame and encapsulated within a plastic compound. 
The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics remain stable when operated in high-humidity conditions. Leads require no additional cleaning 
or processing when used in soldered assembly. 

LU003 

0,38 (0.016) n 2.54 10.100) RNOM 
(Sea Note A) 1.27tO.13-

I
rr=~~~~~==;i (0.050' 0.0051 3 LEADS 

0,381 • 0,051 WIDE, 

I~=~=::z (\ =======:::J]----;r-l 0,381 • 0,025 THICK 

f (0,015 • 0.002 WIDE, 

4,95(0.1951 :" --':'\_-1I==~=:::::i!-€==::====:::;::J----1f-'L _t-IDI+-_0~.015' 0.001 THICKI 

'''[ -~F -
2,54 I 0.13-

(0.100' 0.005) 

t::~~:~ ~:~:t-----
/4-.2 0 NOM 
I 4 PLACES 12.7 (0500) MIN-----Oial 

( L45' NOM ?cC==:==:::::J1 
Lsee Note B 

0,74 (0.029) NOM 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Lead dimensions are not controlled in this area. 
B, The shape, dimensions, and placement of the index mark is not guaranteed. 
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MECHANICAL DATA 

N014 plastic dual-in-line package 

This dual"in-line package 'consists ofa circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (see Note A). Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 

, Leads require no additional cleaning or processing when used in soldered assembly. 

N014 

~ 
19.8 (0.7801 
18.0 (0.7101 

@@®®®@®I 

'i. 7.62 ± 0.25 
1---.... ~(0.300 ± 0.0101 '~~~=~;::::::I 

6,35± 0,25 0000000 (0.250 ± 0.0101 

I~ 2.0 (0.0801 NOM I ~ --I 1+-'.78 (0.0701 MAX 14 PLACES 

-- ~ '0'51(0'0201~1 
0.25 (0.0101 508 (0.2001 MAX MIN 
NOM ' -. -L 

~ • tr-SEATING PLANE t 4 ...J L-- 0,84 (0.0331 MIN 
105 Ii I 14 PLACES 

:"!':.90" 
14 PLACES -..\ \.- 0,36 (0.0141 I II~ ~ _11_ 0533 (0 0211 

~~~~~g~~ 3,17 (0.1251 MIN I --11--0:381(0:015) 

(See Notes B and C) 2,03 ± 0,51 ~ (See l:o~!"sA~:~d C) 
(0.080 ± 0.0201 

4 PLACES PIN SPACING 2,54 (0.1001 T. P. 
(See Note Al 

Falls Within JEDEC TO-116 and EIA MO-OOI AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.0101 of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.0201 above seating 

plane. 
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MECHANICAL DATA 

N016 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

N016 

~---<-t-('o~j~~: ~:~~Ol 
6,35:t 0,25 

(0.250 , 0.0101 

2,0 (0.0801 NOM 

ISee Notes B and C) 

Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants located in Europe. 
In this case, the overall length of the 
package is 22.' (0.870) max. 

f/--tt--tr.-0,84 iO.OJl) MIN 

ISee Notes Band CI 

ALTERNATE SIDE VIEW 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 
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MECHANICAL DATA 

N018 plastic dual-In-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

N018 

7,62' 0,25 
(o.aoo .' 0.010) 

23.410.9201 MAX -~ 

~·~~::=iVVVVVVV I 
14----1011--6,99 (0.2751 MAX 000000000 

_ -1. 2,03 fO 0801 NOM --t j4- 1,78 (0.0701 MAX 18 PLACES 

---r: ,0.5110.020Immml 0,25 (D.01D) NOM MIN 

-SEATING PLANE 5.081°IOI MAX -1--T ]_ 

* --I I-- 0~1881~~IE~'N 
_\\.-0.279 ± 0,076 3,17 (0 125i MIN - L ~ ---f~O.457±O,076 ., r (0 011 ± 0 003) (0.Q18 ± 0,003) 

18 PLACES 18 PLACES 
(See Notal B and C) 1,91 (0075) (See Notes B and C) 

0,23 (0.0091 PIN SPACING 2,54 (0 100) T P 
4 PLACES (S •• Note AI 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 10.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0.51 10.020) above seating 

plane. 

6-18 TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 666012 .. DALLAS, TEXAS 7528& 



MECHANICAL DATA 

N020 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

N020 

7,62:1 0,25 
(O.300±O.010) 

2,0 (0.080) NOM 

0,25 (0.010) NOM 

-SEATING PLANE-----1'-----r---j 

---\\--~:~: :~:~~~: 
20 PLACES 

(See Notas Band Cl 

~ J L 1.91 (0.07" 
r- 1,02 {D.0401 

4 PLAces 

VIEWA 
Parts may be supplied in accordance 
with the alternate side view at the 
oPtion of n. European-manufactured 
parts may have pin 1 as shown in 20 PLACES 
view A. Alternate-side-view parts (See Notes 8 and C) 
manufactured outside of the USA 4 PLACES 
may have a maximum package length 
of 26.7 11.0501. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.010J of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0,51 (0.0201 above seating 

plane. 
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MECHANICAL DATA 

N022 plastic dual-In-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 10,16 (0.400) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

N022 

;--------28,5 (1.1201 MAX:----_~ 

i@@@@@®®®®®®J 

'"!~~ ~::::::::] 
0000000008@ 

114----101+-9.02 (0.3551 MAX 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

s: CD NOTES: A. Each pin centerline is located within 0,25 (0.010l of its true longitudinal position. 
n B. This dimension does not apply for solder-dipped leads. 
::r C. When solder-dippad leads are spacified, dipped area of the lead extends from the lead tip to at least 0,51 (0.0201 above seating 
m plane. 
::::I 

[ 
C 
m 
Cit 
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MECHANICAL DATA 

N028 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

N02S 

1--------36,6 (1.440) MAX------01 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centertine is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.0201 above seating 

plane. 

TEXAS ." 
. INSTRUMENTS 

POST OFFICE BOX 655012 • DALLAS. TEXAS 76266 

ca ... ca 
C 
1& 
CJ 
'2 
ca 
.c 
CJ 
G) 

::E 

I 

6-21 



MECHANICAL DATA 

NT024 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

NOTE: For all except 24-pln packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24-pin package, the 7.S2 (0.300) version is designated NT; the 15,24 (O.SOO) version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 

NT024 

1-------- ~~:: g:;~~:---------oj 

7,1 (0.280) MAX 000000000@0@ 
0,38 (0.015) 

-1 20 (0 080) NOM rlMIN -1 1"--1.78 (0.070) 24 PLACES t;1------L' . 1,14(0.045) 

--~0,25(0.010)NOM 5,08(0.200) ~ 
MAX 

-SEATING PLANE-----ll----.-=- -105' T -0/ ~ 1,14(0.045) MIN 
goo _ 24 PLACES 

24PLACES j\......-0.36 (0.014) 40S (0 160) - ~ ~' '---Ifo-----0,533(0.021) 
"I \- 0.25 (0.010) -'--' - 0,381 (0.015) 

24 PLACES 3.17(0.125) 24 PLACES 
{See Notes B 2.16 (0.085) {S.e Not.s B 

and CI 0,71 (0.028) PIN SPACING 2,54 (0.100) T.P. and CI 
4 PLACES (See Note A) 

ALL LINEAR DIMENSIONS ARE IN MIlliMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

6-22 

B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the 

seating plane. 
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MECHANICAL DATA 

POOS dual-in-line plastic package 

This package consists of a circuit mounted on an a-pin lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation, and circuit 
performance characteristics will remain stable when operated in high-humidity conditions. The package 
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (See Note A). Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Solder-plated leads require no additional cleaning or processing when used in soldered assembly. 

PO08 

INDEX DOT 

«I.~ 1.62 ± 0.25 ]«1. (0.300 ::t 0.010) 

6,36 ± 0,026 

~ (0.250 ± 0.01 0) ~ 
00 

I 

00 
1.18(0.0101 MAX 

8 PLACES 

5.08 10.2001 1-.-""';--;""'--,.....-....-1 
MAX 

LSEATING PLANE;'-r--
., GAUGE PLANE 

l L 0.16(0.0301 
ii;OOTo]OOi 

J\ 0.28 ± 0.08 
\10--10.011 ± 0.0031 

8 PLACES 
(Sea Notes Band CI 

3.1110.12511 I 
MIN ~ 

2.5410.1001 T.P. 
6 PLACES 

(Sae Note A) 

-.J I.. 0.451 ± 0.076 
(0.018 ± 0.0031 

8 PLACES 
(See Notes Band Cl 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.0101 of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.0201 above seating 

plane. 
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MECHANICAL DATA 

U010 ceramic flat package 

This flat package consists of a ceramic base, ceramic cap, and lead frame. Circuit bars are alloy mounted. 
Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when used 
in soldered assembly. 

U010 

lr 0,153 (0.006) 
0,076 (0.003) 

10 LEADS 

0,483 (0.019) 80000 PIN SPACING 
0,381 (0.015)11-- t--I--l,27 (0.050) T.P. 

10 LEADS I I I (See Note A) 

I 
8,89 (0.350) 

--------'~F~r-~c. c· T 
7,62 (0.300) 
(See Note B) 25,4 (1.000) 

19,0 (0.750) 

ALTERNATE 
"C' -;;r-'NDEX POINTS 

6,35 (0.250) II 
2,0310.0801_ -1:=----------- -,--
1,27 (0.050) 

-- f-- f--

8,89 (0.350) 

1,27 (0.050~.... \4-
0,13 (0.005) 

'.~[ 

_ 6,35 (0.250)~ 
0,64 (0.025) 
0,00 (0.000) 

00000 
Fall Within JEDEC MO-004AE Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

, 

ENOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material conditions. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
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MECHANICAL DATA 

W014 ceramic flat package 

This hermetically sealed flat package consists of an electrically nonconductive ceramic base and cap and 
a lead frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing 
when used in soldered assembly. 

W014 

BASE AND 
SEATING 
PLANE 

2.0310.080)_ 
1.2710.0601 -

1.0210.040)_ l-. 
0,51 10.0201 - 1-

@@@@@00 

r 
8,0010.3151 
6,8610.2701 

1.-1-1,27 10.0501 TYP 
12 PLACES 
(See Note AI 

1 ... I-- 00,48310.0191 --l ... ------,P-.l:.:>.-...c."-"::>.....::l-.l:.::>.....::::., ,38110.0151 .. 14 LEADS 

7,010.2751 
ISee Note BI 

]6, 
ISee Note Cht\ 

21,8410.8601 '" 
21,3410.8401 7310.2651 

5,97 10.2351 

• 

8,00 10.3151 

6,86 [10.2701 

-i _ 0,6410.0251 
'-----_ 8.8910.3501 _l - 0,2510.0101 
~ 8,56 10.3371 ~ 4 PLACES 

0000000 
Fall Within JEDEC MD-004AA Dimensions 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Leads are within 0,13 10.0051 radius of true position IT.P.I at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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TI Sales Offices TI Distributors 
ALABAMA: Huntsville (205) 837·7530. 

ARIZONA: Phoenix (602) 995-1007; 
Tucson (602) 292~264D. 

CALIFORNIA: Irvine (714) 660·1200: 
Roseville (916) 786·9208; 
San Diego (619) 27a.-9SD1: 
Santa Clara (408) 980-9000; 
Torrance (213) 217.7010; 
Woodland Hills (818) 704-7759. 

COLORADO: Aurora (303) 368-8000. 

CONNECT1CUT: Wallingford (203) 269-0074. 

FLORIDA: Altamonte Springs (305) 260.2116: 
Ft. Lauderdale (305) 973-8502: 
Tampa (813) 885·7411. 

GEORGIA: Norcross (404) 662-7900. 

ILLINOIS: Arlington Halghts (312) 64fJ..2925. 

INDIANA: Carmel (317) 573-6400; 
Ft. Wayne (219) 424-5174. 

IOWA: Cedar Rapids (319) 395·95S0. 

KANSAS: Overland Park (913) 451.04511. 

MARYLAND: Columbia (301) 964·2003. 

MASSACHUSETTS: Waftham (617) 895·9100. 

MICHIGAN: Farmington Hills (313) 553-1569; 
Grand Rapids (616) 957.04200. 

MINNESOTA: Eden Prairie (612) 828-9300. 

MISSOURI: St. Louis (314) 569-7600. 

NEW JERSEY: Iselin (201) 750·1050. 

NEW MEXICO: Albuquerque (505) 345·2555. 

NEW YORK: East Syracuse (315) 463-9291; 
Melville (516) 454-6600; 
Pittsford (716) 385-6770; 
Poughkeepsie (914) 473·2900. 

NORTH CAROLINA: Charlotte (704) 527·0933; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100: 
Be.ver Creek (513) 427-6200. 

OREGON: Beaverton (503) 643-6758. 

PENNSYLVANIA: Blue Ben (215) 825·9500. 

PUERTO RICO: Hato Rey (809) 753·8700. 

TENNESSEE: Johnson City (615) 461·2192. 

TEXAS: Austin (512) 250·7655: 
Houston (713) 778-6592; 
Richardson (214) 680·5082; 
San Antonio (512) 496-1n9. 

UTAH: Murray (801) 266-8972. 

WASHINGTON: Redmond (206) 881-3080. 

WISCONSIN: Brookfield (414) 782-2899. 

CANADA: Nepean, Ontatto (613) 726-1970; 
Richmond Hili, Ontario (416) 884-9181; 
St. Laurent, Quebec (514) 336-1860. 

TI Regional 
Technology Centers 
CALIFORNIA: Irvine (714) 660-8105; 
Santa Clara (408) 748·2220; 

GEORGIA: Norcross (404) 662·7945 

ILLINOIS Arlington Heights (312) 640-2909. 

MASSACHUSETTS: WaHham (617) 895-9196. 

TEXAS: Richardson (214) 680-5066. 

CANADA: Nepean, Ontario (613) 726·1970. 

TI AUTHORIZED DISTRIBUTORS 
Arrow/Klerulff Electronics Group 
Arrow (Canada) 
Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall·Mark Electronics 
MarShall Industries 
Newark Electronics 
Schweber Electronics 
Time Electronics 
Wyle Laboratories 
Zeus Components 

- OBSOLETE PRODUCT ONLY­
Rochester Electronics, Inc. 
Newburyport, Massachusetts 
(508) 462·9332 

~~.':,~~~kOA;r:~~j;~~ J~~:~:,~r2~~fi81.9235; 
Schweber (205) 895-0480. 

ARIZONA: Arrow/Kierulff (602) 437·0750; 
Hall·Mark (602) 437-1200; Marshall (602) 496-0290; 
Schweber (602) 431-0030; Wyle (602) 866-2888. 

~~~!:{~~~~:; (~~:) ~~,~~~~~?(~~:). 8~:'~~7~; 
~~':~:ftk(A~1r)4~~o~i~?'(A~1j)4~;~S~~~; 
~~~:l :~~:~~~~: ~~~i~~6~J~r :'8~;9~8,~) 880-9000, 
(714) •• 3·9953; ~.us (714) 921.90~O; 1818) 88g.3838; 
Sacramento: Hall-Mark (916) 624-9781: 

:~~:~;~'6\9~~~a:8:~00; Schweber (916) 364·0222: 

San D,eto: Arrow/Klerulff ~619~ 565·4800; 

~~~:~r ~~~~) ~~~1~~~: J~! ~a~~~5~:f7;~OO; 
San Francisco Bay Area: ArrowfKlerulff (408) 745-6600, 

~~~:~r~ \~~W) ~~~-.~~j; r:~h(~I~~)~~7~::O~~OO; 
Zeus (408) 998·5121. 

COLORADO: Arrow/Kleruiff (303) 790-4444; 
Hall·Mark (303) 79G-1662; Marshall (303) 451-8383; 
Schweber (303) 799-0258; Wyle (303) 457·9953. 

CONNETICUT: Arrow/Kieru,ff (203) 265-7741; 
Half-Mark (203) 271.2844: Marshall (203) 265-3822; 
Schweber (203) 264-4700. 

FLORIDA: Ft. Lauderdale: 
Arrowf1(lerulff (305) 429-8200; Hall-Mark (305) 971-9280; 
Marshall (305) 977-4880; Schweber (305) 977·751': 
Orlando: Arrow/Klerulff (407) 323·0252; 
Hall·Mark (407) 830·5855: Marshall (407) 767-8585; 
Schweber (407) 331.7555: Zeus (407) 365·3000: 
Tampa: Hall-Mark (813) 530-4543; , 
Marshall (813) 576-1399; Schweber (813) 541-5100. 

GEORGIA: Arrow/Kierultf (404) 449-8252; 
Hall·Mark (404) 447-8000: Marshall (404) 923·5750; 
Schweber (404) 449-9170. 

ILLINOIS: Arrow/Klerulff (312) 250·0500; 
Hall-Mark (312) 860-3800; Marshall (312) 490.0155; 
Newark (312) 784-5100; Schweber (312) 364-3750. 

INDIANA: Indianapolis: Arrow/Klerulff (317) 243-9353: 
Hall-Mark (317) 872.8875; Marshall (317) 297-0483; 
Schweber (317) 843-1050. 

IOWA: Arrow/Kierulff (319) 395·7230; 
Schweber (319) 373-1417. 

KANSAS: KansasClty: Arrow/Kierulff (913) 541-9542; 
Hall·Mark (913) 888-4747; Marshall (913) 492-3121: 
Schweber (913) 492-2922. 

~ 
TEXAS 

INSTRUMENTS 

MARYLAND: Arrow/Klerulff (301) 995-6002: 
Hall-Mark (301) 988-9800; Marshall (301) 235-9464: 
Schweber (301) 840-5900: Zeus (301) 997-1118. 

MASSACHUSETTS Arrow/Klerulfl (508) 658-0900: 

~~~~~~Zr \~~~ ~~~.~~~~: ~;;:'~h~H~~~2~::;::'~'0; 
Wyle (617) 273-7300: Zeus (617) 863-8800. 

MICHIGAN: DetrOit: Arrow/Klerulff (313) 462·2290; 
Hall-Mark (31~462"205; Marshall &313) 525.5850; 

~~:~kR~~rJS: ~rC:S.!~k~~ri.ef:{6\ ~:~~~~:.'00j 

~!r,_':.~~~Ts~k)A~~~£:~~u:a~:~:111:tz185O:~.2211 ; 
Schweber (612) 941·5280. 

MISSOURI: S1. Lauls: Arrow/Kierulff (3104) 567-6888; 
Hall·Mark (314) 291~5350: Marshall (314) 291-4650; 
Schweber (314) 739-0526. 

NEW HAMPSHIRE: Arrow/Klerulff (603) 668·6966: 
Schweber (603) 625-2250. 

NEW JERSEY: Arrow/Klerulff (201) 538·0900, 
(609) 596-8000i GRS Electronics (60s) 964-8560: 
Hall·Mark (201) 575-4415. (201) 882·9773, 
(609) 235-1900: Marshall (201) 882-0320, 
(609) 234-91'lO; Schweber (201) 227·7880. 

NEW MEXICO: Arrow/Klerulff (505) 243·4566. 

NEW YORK: Lan! Island: 
Arrow/Kierulff (51~ 231.1009; Hall-Mark (516) 737-0600; 
~:~:~;~4~~~~~l4~~24; Schweber (516) 334-7474: 

=:I~~:::f,l~r:;~~~J~ .fa!!~:ln7~ir~3S-1620; 
Schweber (716) 424·2222; 
Syracuse: Marshall (607) 798·1611. 

~~:)T:2i.~~~~I~:I:_r::,:(,~~)~~~.~~,9J;876.3132, 
~arShall (919) 878-9882: Schwaber (9i9) 876-0000. 

OHIO: Cleveland: Arrow/Klerulff (216) 248-3990: 
Hall-Mark (216) 349·4632: Marshall (216) 248-1788: 
Schweber (216) 464·2970; 
Columbus: Hall·Mark (614) 888-3313; 

g:fs~~i, t;~~:S:~~:O~5~:~:!::r5~~j3) 439-1800. 

OKLAHOMA: Arrow/Klerutff (918) 252.7537: 
Schweber (918) 622-8003. 

OREGON: Arrow/KleRllff (503) 645-6456; 
Marshall (503) 644-5050: Wyle (503) 640-6000. 

r2~~r::8~r:O~':AGR~rr=:g~~~ ~:~~J ~::~~~; 
Marshall (412) 963-0441: Schweber (215) 441·0&00, 
(412) 963·6804. 

TEXAS: Austin: Arrow/Klerulff (512) 835.4180; 
Hall·Mark (512) 258·8848; Marshall (512) 837.1991: 

:'~::~~r~!!;,k~:r~:f:i4wr:~:~~~~34-9957: 
Hall·Mark (214) 553-4300: 3arshall (214) 233-5200: 
Schweber (214) 661-5010; Wyle (214) 235-9953; 
Zeus (214) 783-7010; 

~~~::~:M:~:~k~~!~lff5~,-gr~b_4700; 
Hall-Mark (713) 781-6100: Marshall (713) 895-9200: 
Schweber (713) 784-3600: Wyle (713) 879-9953. 

~!:'~a!'(:ti~~:;~~~~1~:::h:~1(~bl} 485.1551; 
Wyle (Sq1) 974·9953. 

WASHINGTON: Arrow/Klerulff (206) 575-4420; 
Marshall (206) 486·5747; Wyle (206) 881-1150. 

WISCONSIN: Arrow/Klerulff (414) 792-DI50; 
Hall·Mark (414) 797-7844; Marshall (414) 797-8400; 
Schweber (414) 784-9020. 

CANADA: Calgary: Future (403) 235·5325; 
Edmonton: Future (403) 438·2858; 
Montreal: Arrow Canada (514) 735-5511: 
Future (514) 694-7710: 
Ottawa: Arrow Canada (613) 226-6903; 
Future (613) 820-8313; 
Quebec Ctty: Arrow Canada (418) 871-7500; 
Toronto: Arrow Canada (416) 672-7769; 
Future (416) 638·4771; Marshall (416) 674-2161: 
Vancouver: Arrow Canada (604) 291·2986: 
Future (604) 294-1166. 

Customer 
Response Center 
TOLL FREE: (SOO) 232·3200 

OUTSIDE USA: (214) 995-6611 
(8:00 a.m. - 5:00 p.m. CST) 
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TI Worldwide 
Sales Offices 
ALABAMA: Hun •• vtle: 500 Wyhn Drive, Suite 614, 
Hunt~Yille. AL 36805. (205) 837·7530. 

ARIZONA: Phoenix: 8825 N. 23rd Ava., Phoenix, 
AZ 86021. (8D21986-1007;TUCSON: 818 W. Mlraole 
Mile, Suite 43, Tucson, AZ 85705, .(892) 292-2840. 

CALIFORNIA: I.".: 17891 Cartwright Dr., Irvine, CA 
92714. (714) 880-1200; RoM" ... : 1 Sierr. Gete 
Plaza, Roseville, CA 95678. 19181 786-9208: 
San DIego: 4333 View RIdge Ave., Suite 100, 

=~i~~f:3:~':'~~~8~.2J~a:~~ Clara, CA 
96064. (408) 980-9000; Tctmlnce: 690 Knox St., 
Torrance. CA 90502.12131217·7010; 
Woodland HInI: 21220 Erwin St., Woodland Hilla, 
CA 91367. 16181 704·7759. 

COLORADO: Aurora: 1400 S. Potomac Ave" 
Suite 101, Aurora, CO 80012. (3031 388·8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial Park 

~1''o~~~ l~g~f~':'9~~6~4~'lHngford, 
FLORIDA: Altamonte SprIn'l:: 370 S. North Lake Blvd. 

~~t:~:1:~~~~~ 6~n~~~~. 280-21 16; 
Ft. Lauderdale. FL 33309. (3061 973·8602; 
Tampa: 4803 George Rd., Suite 390. 
Tampa, FL 33834, (813) 886-741" 

GEORGIA: Norcron: 5516 Spalding Olive, Norcross, 
GA 30092. 14041 662·7900 

~~~:~ =~':."II~~, ~~t 2'r~~~~W~' 
INDlANA: Ft. Wayne: 2020 Inwood Dr., 
Ft. Wayne, IN 46816. (219) 424-5174; 
Carmel: 650 Congresaional Dr., Carmel. IN 46032, 
13171573·6400. 

IOWA: Cedlir Rep,,: 373 Collins Rd. NE, Suite 201. 
Cedar Rapids. IA 62402, (3191395-9650. 

~8~erC::~rk~~ l:~07ig~i :~f~4~~gron 
MARYLAND: Columbia: 8816 Centre Park Dr., 
Columbia MD 21045, 1301) 984-2003. 

MASSACHUSETTS: W.tthMn: 950 Winter St., 
Waltham, MA 02154. 18171 896-9100. 

~!~~o~: ~:iS~~80~~:(~~~~~:~1~r.lla Rd., 
Grand R1pk1.: 3075 Orchard Vista Dr. S.E., 
Grand Rapida, MI 49508, (8181967.4200. 

MINNESOT.A: Eden Pnlrte: 1 tOOO W. 78th St., 
Edan Prairie, MN 563441612) 82&-9300. 

MtSSOURI: St. Louts: 118t8 Borman Drive, 
St. louis, MO 83146, 13141 589-7600. 

NEW JERSEY: ........ : 486E U.S. Route 1 South, 
Parkway Towers, 118l1n, NJ 08830 (201) 150-1060. 

NEW MEXICO: Albuquerque: 282~D Broadbent PkwV 
NE, Albuquerqua, NM 87107, 15061 345-21555. 

~:: ~~!!:a~~lra=':I:~:164~~;~ ;01 .• 
MeIvfIe: 1896 Walt Whitman Rd., P.O. Box 2938, 
Melvine, NY 11747, 16161464-6600; 
PIttsford: 2851 Clover St .• Pittsford, NY 14634, 
17161386·6770: 
~'=,~'~~~2~~" Poughkeepale, 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Woodlawn Rd .• Charlotte. NC 28210. 1704) 

~!i~~~~b R:=:, ~:~I ~,:~~ct; Blvd .• Suite 100. 

OHIO: Beachwood: 23176 Commerce Park Rd., 
Beachwood. OH 44122.(216)484-8100; 
Beavercreek: 4200 Colonel Glenn HwV., 
Beavercreek, OH 46431,15131427·6200. 

OREGON: Benerton: 6700 SW f06th St., Suite 1 to, 
aeavenon, OR 970015. 16031 64~-6768. 

PENNSYLVANIA: .... hi: 670·$on..., P1<WV. 
Blue Bell, PA t 9422. 121151 B26·91500. 

~!'l~~~:o~,,=:::;~.nr~~z:6rB";00. 
TENNESSEE: JDhnton City: Erwin HWV. 
P.O.,Prawer 12615, Johnaon CItV', TN 371306 
16161461·2192. 

TEXAS: AuItIn: 12601 ReHarch Blvd •• Austin, TK 
78769. 16121 260·7856: _: 1001 E. 
Campbell Rd .• Rlchardaon, rx 75081, 
12141680-5082; HouItOnI 9100 Southwest Frwv., 
Suite 260. Houston, TX 77074. 11131 718-6692: 
8ft Antonio: 1000 Central Parkway South. 
San Antonio, TK 78232. ,,5121 496·1779. 

UTAH: Mun..,: 5201 South Green St .• SUite 200. 
Mu"..,. UT 84123. 18011266·8972. 

~~:~I~r='m~':"'W~: :~~2~1~IN:il~~. 
WISCONSIN: ~: 460 N. SUMV Sfope, Suite 
150. "ookfleld. W1 5300&. 14141 782·2898. 
CANADA: Nepun: 301 Moodie Drive. Mallorn Center, 
Nepean, Ontario, Canada. K2H9C4, 
(613) 728-1970. RIchmond HlI: 280 Centre St. E .. 
Richmond HIli L4C181, Ontario. Canada 
1416t 884-9181; It. Laurent: VlMe St. Leurent 
Quebec. 9480 Trans Canada Hwy .• St. Laurent, 
Quebec. Canada H4S1R7, 16141338-1880. 

ARGENTINA: rexu tnrrtrumenta Argentina Vlamonte 
U~r74~~g:9'iapitltl Federal, Bueno. AJrU, Argentina, 

AUSTRALIA la NEW ZEALAND!: Te.1I lnatrumenu 
Australia Ltd.: 6-10 ratavefa Rd., North Ryde 

~S~d~1~:,~e2~iSStht~:~~:" :u;t~~r~~~d, 
Melbourne, VictorIa, Australia 3004. 3 .. 267-4677; 
~ '~ ~~!2~:r:.wav. Elizabeth" South Australia 6' 12. 

AUSTRIA: Texas In.truments GeB.m.b.H.: 
~"::=;2~~ B116, A-2345 Brunn/Ge~rge, 

BELGIUM: Texulnatruments N.V. Betglum S.A.: 11, 
~2in~:t~I~:o~ndetlaan 11, 1140 BrusHI •• BelgIum. 

BRAZIL: Texas Instruments Electtonlcoa -do BraBiI 
Ltda.: Rua Paes Lema, 524-7 Ander Pinhakos, 05424 
Sao Paulo, Brazil. 0815-6186. 

~::~~'g:~~:'~~9' ~~so:.airetundveJ 48e, 

FINLAND: Te.a8lnstrumenta Finland OY: 
Ahertajantle 3. P.O. So. 81, ESPOO. Fin'Dnd, 1901 
0-461·422. 

FRANCE: Te.as Instruments France: Paris Office, BP 
878-10 Avenue Morene-Saulnler, 78141 VellzV­
Vlliacoublav cede. f1I 30 70 1003. 

GERMANY (Fed. RepublIc of "'111811',.: Taxas 

Wcr68r;:~Jng~:,'i~~~~~;: ~!?U:==::m" 
1961198,1000 BerNn 16, 30+882·7386; III. Hagen 
43/Klbbelstra ..... 19. 4300 E .. en, 201-24250; 
KirchhOl'8teratr .. se 2. 3000 Hannover 61. 
~~e~=~',;,~~~~rabe 11. 7302 O.tflldem 
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HONG KONG: Texa. Inttruments Hona Kong Ltd." 8th 
~,:~, ~~ 1~~~rl~~ri'2~3:lnton d., Kowloon, ___ 

IRELAND: Texas Instrument. (lretandl Umlted: 
718 Harcourt Street, StiHorgan, County Dublin. Eire, 
1 781677. 

ITALY: Te.1I Inltrument. 'tllia S.p.A. DlvIsione 

=~:du:,W~oy'I'le Eu • ~,v~og:=t~=o~ra 
Mogilin •• 38. 001 16222861: 
Via Amendola, 17, na. IOS1) 664:004. 

=~~==~=~/~'~,:,=a:-~g., 9F. 
4·13-23 Shlbaura. Mlnato-ku, Tokyo loa, Jap.n. 
03-769-8700. Te ... Instrument. Jepen Ltd.: Nlaaho-

~~~,~ 881~~~!!UWe.t 
Bldg. 7F, 10- • N.k.mur.ku. 

~'o~:ma-chO, Kanal'W~:8~~"':=~k~' 6F, 
0782-23-&471; Dallch:l Olympic: TlChtk.wa Bldg. 8F, 
1·2&-12 Akebono·cho. TlChtkawa 180, Tokyo~ 
0426-27·8428: MllautnOlo ShoWI Bldg. 6F. 2·11 
Fukathl1·chome. MltSumoto 390, Nlgano·ken. 

~~8~ T.~~:"~~:':Io~F, 
046· Nlhon Seimll Kyoto Y ...... 81dg. IF. 

hlak~~~d~O:'t60~~~3~?_~t;~' 
.,udel. Oaza Va.aka. KltlUki'813, 0ftI-

ken, '8-3-3211: Mlho Plant, 2350 Klhara Mlho-' 
~a._~~;~I~un 300-04, lberagl·ken, 

KOR~\;;'Te ... In.trumant. Korea Ltd., 28th FI .. Trede 
~=:1'2 ~'::i.ra'r~~ng-Dong, K.ngnam-ku, Seow, 

MEXICO: Te.aalnstrumenq de Mexico S.A.: Alfonao 
Reve.-11S. Cot. Hlpadfomo Conda.a, Ma.lco, D.F., 
Mexico 06120. 625/626·3880. 
MlDDU. EAST: TeltU Instruments: No. 13, 1at Floor 

=:=eru:.'J;~II~~11:~~~~: :~~~42:i,~IS, 
NETHERlANDS: Texa. InBtrumenti Holland B. V., 
~:t:r:8:~1~~.AZ AmI1erdam-Zuld0081, 

NORWAV: Te ... Instrument. NorwlY A/S: P81Q6. 
Refotad 0586.00106. Norw..,. 12116&080. 

PEOPLES REPUBLIC OF CHINA: Te ... InsuurMnts 
China Inc .. Belling Repreaentltlw Office, 7-06 eltlc 
~22~~,J~~~,=~w .. Dane: BeiJing. Chine. 18811 

PHILIPPINES: Texa. Instruments Asia Ltd.: 14th PlOOf, 
Ba- Lepanto Bldg., PaSlO eta Roll", Makatl, Metro 
M.nUa, Philippine •• 817-60-31. 

PORTUGAL: Texas Inatrumant, Equlp,menta 

~tg~=,~:o~~~~~~J.~p!=,CO UlrIch. 
2·948-1003. 

_APORE I + INDIA. 1NDONEIIA. MALAYSIA. 

l==~:~:~:~~6~~~~,~'1_~1~ld., 
United $quare. Singapore 1130, 3&0-8100. 

SPAIN: Texa. InrrtrUmenti E.pana. S.A.: C/Joae 
Lazaro Gatdiano No.6, Madrid 28038. 114&8.14.58. 

SWEDEN: Te ... 'nsllumentl Intarnatlon" Trade 
i:::n~n.I~~~:2~lenl: 5·184-83. Stockholm. 

SWITZERLAND: Texas InstrumentB. Inc., Rtidstran. 
6. CH·89&! Dletlkon IZuerichl Switzerland, 
1·7402220. 

~=~~r~x;~n~~=sN~fl.YT~~~::'~. 
Repubfic of China. 2 + 713-9311. 

UNITED KINGDOM: Texa. Instrument. Urnited: 
Manton Lane, Bedford, MK41 7PA. England, 0234 
270111. 
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