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What's Different

New Additions:

AM26LS30 MC10324 MC34118*
CA3146 MC33033 MC34151
LF441Cr442C MC33035 MC34152/53
LM2935T MC33077 MC34163
MGC1382 MC33120° MC34164
MC1383 MC33178/79 MC34166
MC1384 MC33272/74 MC44602
MC2830 MC3382/84 TCAQ372
MC3335 MC34066 UAA2016
MC33618B MC34114* UC2844/2845
MC10322 MC34117* UC3844/3845
Deletions:

MC3480 TBA120C

MC6108 TCA4500A

MC13014P TCAS550

MC13021 TCF7000

MC34061, A TDA1190P

MC34062 TDA1285A

MC35082/83 TDA3333

New Product Literature (Referenced):

AN1003 AN1077

AN1004 AN1078

AN1006 AN1081

AN1019 ANE424

AN1044 SG98 Rev. 4

*See Telecommunication Device Data (DL136 Rev.2)
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This publication presents technical information for the broad line of Linear and Interface Inte-
grated Circuit products. Complete device specifications are provided in the form of Data Sheets
which are categorized by product type into ten chapters for easy reference. Selector Guides by
product family are provided in the beginning of each Chapter to enable quick comparisons of
performance characteristics. A Cross Reference chapter lists Motorola direct replacement and
functional equivalent part numbers for other industry products.

A chapter is provided to illustrate Package Outline and mounting hardware drawings, and
includes information on Surface Mount Devices (SMD), and Industry Package Cross Reference
Guide.

Additionally, chapters are provided with information on Quality program concepts, high-
reliability processing, and abstracts of available Technical Literature.

The information in this book has been carefully checked and is believed to be accurate; however,
no responsibility is assumed for inaccuracies.

Motorola reserves the right to make changes without further notice to any products herein to
improve reliability, function or design. Motorola does not assume any liability arising out of the
application or use of any product or circuit described herein; neither does it convey any license
under its patent rights nor the rights of others. Motorola products are not authorized for use as
components in life support devices or systems intended for surgical implant into the body or
intended to support or sustain life. Buyer agrees to notify Motorola of any such intended end use
whereupon Motorola shall determine availability and suitability of its product or products for the
use intended. Motorola and (W) are registered trademarks of Motorola, Inc. Motorola, Inc. is an
Equal Employment Opportunity/Affirmative Action Employer.
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In Brief...

In the Cross Reference Section of this chapter, a
complete interchangeability list linking over 3000
devices is offered by most major Linear Integrated Cir-
cuits manufacturers to the nearest equivalent Motorola
device. The “Motorola Direct Replacement” column
lists devices with identical pin connections and package
and the same or better electrical characteristics and
temperature range. The “Motorola Similar Replace-
ment” column provides a device which performs the
same function but with possible differences in package
configurations, pin connections, temperature range or
electrical specifications.
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Alphanumeric Index

Device Device
Number Function Page Number Function Page
AM26LS30 Dual Differential/Quad Single-Ended Line 7-10 LM209 Positive Voltage Regulator 3-16
Driver LM211 High-Performance Voltage Comparator 2-54
AM26LS31 Quad EIA-422 Line Driver with 7-21 LM217 3-Terminal Adjustable Positive Voltage 3-21
Three-State Output Regulator
AM26LS32 Quad EIA-422/3 Line Receiver with 7-24 LM217L 3-Terminal Adjustable Positive Voltage 3-29
Three-State Output Regulator
CA3054 Dual Differential Amplifier 99 LM223,A 3-Ampere, 5 Volt Positive Voltage 3-37
CA3059 Zero Voltage Switch 4-9 Regulators
CA3079 Zero Voltage Switch 4-9 LM224 Quad Low-Power Operational Amplifier 2-60
CA3146 1-Differentially Connected and 3-Isolated 9-11 LM237 3-Terminal Adjustable Negative Voltage 3-43
Transistor Array Regulator
DAC-08 High-Speed 8-Bit Multiplying 6-5 LM239,A Quad, Single-Supply Comparators 2-66
D-to-A Converter LM248 Quad MC1741 Operational Amplifier 2.70
LF347 Family of BIFET Operational Ampiifier 2-15 LM250 3-Terminal Adjustable Positive Voltage 3-66
LF351 Family of BIFET Operational Amplifier 2-15 Regulator
LF353 Family of BIFET Operational Amplifiers 2-15 LM258 Dual, Low-Power Operational Amplifier 2-76
LF355,B Monolithic JFET Operational Ampiifiers 2-17 LM285 Micropower Voitage Reference Diode 5-4
LF356,B Monolithic JFET Operational Amplifiers 2-17 LM293,A Dual Comparators 2-82
LF357,B Monolithic JFET Operational Amplifiers 2-17 LM301A General-Purpose Adjustable Operational 2-45
LF411C Low Offset, Low Drift JFET Input 227 Amplifier
Operational Amplifier LM307 Internally Compensated Operational 2-87
LFa12C Low Offset, Low Drift JFET Input 2-27 Amplifier
Operational Amplifier LM308,A Precision Operational Amplifiers 2-49
LF441C Low-Power JFET Input Operational 2-30 LM309 Positive Voltage Regulator 3-16
Amplifier LM311 High-Performance Voltage Comparator 2-54
LFa42C Dual, Low-Power JFET Input Operational 2-30 LM317 3-Terminal Adjustable Positive Voltage 3-21
Amplifier Regulator
LF444C Quad, Low-Power JFET Input Operational 2-30 LM317L 3-Terminal Adjustable Positive Voltage 3-29
Amplifier Regulator
LM11C.CL Precision Operational Amplifiers 2-38 LM317M 3-Terminal Adjustable Positive Voltage 3-74
LM101A General-Purpose Adjustable Operational 2-45 Regulator
Amplifier LM323,A 3-Ampere, 5 Volt Positive Voltage 3-37
LM108,A Precision Operational Amplifiers 2-49 Regulators
LM109 Positive Voltage Regulator 3-16 LM324,A Quad, Low-Power Operational Amplifiers 2-60
LM111 High-Performance Voltage Comparator 2-54 LM337 3-Terminal Adjustable Negative Voltage 3-43
LM117 3-Terminal Adjustable Positive Voltage 3-21 Regulator
Regulator LM337M 3-Terminal Adjustable Negative Voltage 3-82
LM117L 3-Terminal Adjustable Positive Voltage 3-29 Regulator
Regulator LM339,A Quad, Single-Supply Comparators 2-66
LM123,A 3-Ampere, 5 Volt Positive Voltage 3-37 LM340,A 3-Terminal Positive Fixed Voltage 3-50
Regulators Regulators
LM124 Quad, Low-Power Operational Amplifier 2-60 LM348 Quad MC1741 Operational Amplifier 2-70
LM137 3-Terminal Adjustable Negative Voltage 3-43 LM350 3-Terminal Adjustable Positive Voltage 3-66
Regulator Regulator
LM139,A Quad, Single-Supply Comparatars 2-66 LM358 Dual, Low-Power Operational Amplifier 2-76
LM140,A 3-Terminal Positive Fixed Voltage 3-50 LM385 Micropower Voitage Reference Diode 5-4
Regulators LM393,A Dual Comparators 2-82
LM148 Quad MC1741 Operational Amplifier 2-70 LM833 Dual, Low-Noise, Audio Operational 2.91
LM150 3-Terminal Adjustabie Positive Voltage 3-66 Amplifier
Regulator LM2900 Quad, Single-Supply Operational Amplifier | 2-198
LM158 Dual, Low-Power Operational Amplifier 2-76 LM2901 Quad, Single-Supply Comparator 2.66
LM193,A Dual Comparators 2-82 LM2g02 Quad, Low-Power Operational Amplifier 2-60
LM201A General-Purpose Adjustable Operational 2-45 LM2903 Dual Comparator 2.82
Amplifier
X »p ' » LM2904 Dual, Low-Power Operational Ampfifier 2-76
LM208, A Precision Operational Amplifiers 2-49
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ALPHANUMERIC INDEX — CONTINUED

Device Device
Number Function Page Number Function Page
LM2931 Low Dropout Voltage Regulator 3-89 MC1514 Dual Differential Voltage Comparator 2-97
LM2935T Low Dropout Dual Regulator 3-96 MC1508 8-Bit Multiplying Digital-to-Analog Converter |  6-15
LM3200 Quad Single-Supply Operational Amplifier 2-198 MC1536 High-Volitage Operational Amplifier 2-101
MC8T26A Quad Three-State Bus Transceiver 7-27 MC1537 Dual Operational Amplifier 2-105
MC8T28 Noninverting Bus Transceiver 7-32 MC1539 High-Slew-Rate Operational Amplifier 2-109
MC8T95 Hex Three-State Bufter/Inverter 7-37 MC1545 Wideband Amplitier 2-117
MC8T96 Hex Three-State Buffer/Inverter 7-37 MC1554G 1-Watt Power Amplifier 2-123
MC8T97 Hex Three-State Buffer/Inverter 7-37 MC1556 High-Performance Operational Amplifier 2-127
MC8T98 Hex Three-State Buffer/Inverter 7-37 MC1558 Dual Operational Amplifier 2-133
MC1330AP Low-Level Video Detector 9-13 MC1558S High-Slew-Rate Dual Operational Amplifier 2-138
MC1350 IF Amplifier 9-19 MC1568 Dual £ 15 Volt Regulator 3-109
MC1357 IF Amplifier and Quadrature Detector 9-23 MC1590G Wideband Amplifier With AGC 2-150
MC1373 TV Video Modulator Circuit 9-29 MC1594L Four-Quadrant Multiplier 11-12
MC1374 TV Modulator Circuit 9-32 MC1595L Four-Quadrant Multiplier 11-26
MC1377 Color Television RGB to PAL/NTSC 9-40 MC1596 Balanced Modulator/Demodulator 8-13
Encoder MC1709,AC | General-Purpose Operational Amplifiers 2-158
MC1378 Complete Color TV Video Overlay 9-44 MC1723,C Adjustable Positive or Negative Voltage 3-115
Synchronizer Regulators
MC1382 Muitisync Monitor TTL Interface 9-48 MC1733,C Differential Video Amplifiers 2-162
MC1383 Multimode Monitor Processor 9-53 MC1741,C General-Purpose Operational Amplifiers 2-170
MC1384 Muttimode Monitor Pracessor 9-58 MC1741S,SC | High-Slew-Rate Operational Amplifiers 2-175
MC1391P TV Horizontal Processor 9-63 MC1747,C Dual MC1741 Operational Amplifiers 2-181
MC1403,A Precision Low-Voltage References 5-8 MC1748,C General-Purpose Operational Amplifiers 2-185
MC1404,A Precision Low-Drift Voltage References 5-12 MC1776,C Programmable Operational Amplifiers 2-189
MC1408 8-Bit Multiplying Digital-to-Analog Converter | 6-15 MC26S10 Quad Open-Collector Bus Transceiver 7-59
MC1411,B Peripheral Driver Array 7-41 MC2830 Voice Activated Switch 8-23
MC14128 Peripheral Driver Array 7-41 MC2831A Low-Power FM Transmitter System 8-27
MC1413,8 Peripheral Driver Array 741 MC2833 Low-Power FM Transmitter System 830
MC1414 Dual Differential Voltage Comparator 2-97 MC3301 Quad Operational Amplifier 2-198
MC1416,B Peripheral Driver Arrays 7-41 MC3302 Quad, Single-Supply Comparator 2.66
MC1436,C High-Voitage Operational Amplifiers 2-101 MC3303 Quad Differential-Input Operational 2.208
MC1437 Dual Operational Amplifier 2-105 Amplifier
MC1439 High-Slew-Rate Operational Amplifier 2-109 MC3325 Automotive Voltage Regulator 10-6
MC1445 Wideband Amplifier 2-117 MC3334 High Energy Ignition Circuit 10-10
MC1454G 1-Watt Power Amplifier 2-123 MC3335 Low-Power Narrowband FM Receiver 8-36
MC1455 Timing Circuit 11-5 MC3340P Electronic Attenuator 9-67
MC1456,C High-Performance Operational Amplifiers 2-127 MC3346 General-Purpose Transistor Array 9-70
MC1458,C Dual Operational Amplifiers 2-133 MC3356 Wideband FSK Receiver 8-40
MC1458S High-Slew-Rate Dual Operational Amplifier | 2-138 MC3357 Low-Power FM {F 8-46
MC1466L Voltage and Current Regulator 3-99 MC3358 Dual, Low-Power Operational Amplifier 2-230
MC1468 Dual + 15 Volt Tracking Regulator 3-109 MC3359 Low-Power Narrowband FM IF 8-50
MC1472 Dual Peripheral Positive NAND Driver 7-45 MC3361B Low-Voltage Narrowband FM iF 8-56
MC1488 Quad MDTL Line Driver 7-48 MC3362 Low-Power Dual Conversion FM Receiver 8-58
MC1489,A Quad MDTL Line Receivers 7-54 MC3363 Low-Power Dual Conversion FM Receiver 8-65
MC1490P Wideband Amplifier With AGC 2-144 MC3367 Low-Voltage Single Conversion 8-73
MC1494L Four-Quadrant Muttiplier 112 FM Receiver
MC1495L Four-Quadrant Multiplier 11-26 MC3373 Remote Control Amplifier/Detector 9-73
MC1496 Balanced Modulator/Demodulator 813 MC3397T Transient Suppressor 10-14
MG1503 Precision Low-Voltage Reference 5.8 MC3399T Automotive High Side Driver Switch 10-18
MC1504 Precision Low-Drift Voltage Reference 5-12 MC3401 Quad Operational Amplifier 2198
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ALPHANUMERIC INDEX — CONTINUED

Device Device
Number Function Page Number Function Page
MC3403 Quad Differential-Input Operational 2-208 MC3558 Dual, Low-Power Operational Amplifier 2-230
Amplifier MC4558,AC,C | Dual High-Frequency Operational 2-241
MC3405 Dual Operationat Ampiifier plus Dual 2-214 Amplifiers
Voltage Comparator MC4741,C Quad MC1741 Operational Amplifiers 2.245
MC3417 Continuously-Variable-Siope Delta ) MC6875,A M6800 2-Phase Clock Generator/Driver 7-150
Modulator/Demodulator
MC3418 Continuously-Variable-Slope Del . MC6880A Quad Three-State Bus Transceiver 7-27
ontinu -varal -Slope a
ModulatorBaradaiatar - MC6885 Hex Three-State Buffer/Inverter 7.37
MC3419-1L Telephone Line-Feed Circuit N MC6886 Hex Three-State Buffer/inverter 7-37
MC3423 Overvoltage Sensing Circuit 3-121 MCe6887 Hex Three-State Buffer/Inverter 7-37
MC3425 Power Supply Supervisory/Over, Under- 3-127 McCegss Hex Three-State Buffer/lnverter 7-37
voltage Protection Circuit MC6889 Noninverting Bus Transceiver 7-32
MC3430 High-Speed Quad Comparator 2-222 MC7800 Three-Termina! Positive Voltage Regulators | 3-135
MC3431 High-Speed Quad Comparator 2-222 Series
MC3432 High-Speed Quad Comparator 2.202 MC;Eéhgg,A Three-Terminal Positive Voltage Regulators | 3-148
MC3433 High-Speed Quad C 2-222
9 pe a omparator MC78M00 Three-Terminal Positive Voltage Regulators | 3-154
MC3437 Hex Unified Bus Receiver 7-62 Series
MC3440A Quad Interface Bus Transceiver 765 MC78T00 Three-Ampere Positive Voltage Regulators | 3-162
MC3441A Quad Interface Bus Transceiver 7-65 Series
MC3446A Quad Interface Bus Transceiver 7-69 MC7900 Three-Terminal Negative Fixed Voltage 3171
MC3447 Bidirectional Instrumentation Bus 7-72 Series Regulators
Transceiver MC79L00,A Three-Terminal Negative Fixed Voltage 3-180
MC3448A Quad Three-State Bus Transceiver 7-78 Series Regulators
MC3450 Quad Line Receiver 7-83 MC79M00 Three-Terminal Negative Fixed Voltage 3-185
MC3452 Quad Line Recei 783 Series Regulators
uad Line Receiver -
MC10318P High- 8-Bit D/A -27
MC3453 Quad Line Driver 790 MC10319 Hfgh zpe: 8 Bft A/D glom;leger rt z 39
igh-Speed 8-Bil Vi -
MC3456 Dual Timing Circuit 11-41 9n-Spee ash Lonverter
. » MC10320 Triple 4-Bit Color Palette Video DAC 9-77
MC3458 Dual, Low-Power Operational Amplifier 2-230 R . )
i o MC10320-1 Tripie 4-Bit Color Palette Video DAC 9-77
MC3467 Triple Preamplifier 794 MC13001XP | Mo Black-and-White TV Subsyst 9-94
nomax Black-and-White system -
MC3469P Floppy Disk Write Controller 799 MC13002XP | Monomax Black-and-White TV Subsystem 9-94
onomax Black-and- -
MC3470PAP | Floppy Disk Read Amplifier System 7109 ' act LSYS
) ) i MC10321 High-Speed 7-Bit A/D Flash Converter 6-57
MC3471P Floppy Disk Write Controller/Head Driver 7-123 L )
) " MC10322 8 Bit Video DAC with TTL Inputs 6-75
MC3476 Programmable Operational Amplifier 2-236 - .
) MC10324 8 Bit Video DAC with ECL Inputs 6-76
MC3479 Stepper Motor Driver 4-14
X . ) MC13010P TV Parallel Sound IF/AFT 9-103
MC3481 Quad, Single-Ended Line Driver 7-134 MC13020P 0-108
MC348452 | Integrated Solenoid Driver 10-21 C-QUAM® AM Stereo Decader
MC348454 | Integrated Solenoid Driver 10-21 MC13022 Advanced Medium Voltage AM Stereo o113
MC3485 Quad, Single-Ended Line Dri 7-134
gie-Ended Line Driver MC13023 AM Stereo Front End and Tuner Stablizer | 9-117
MC3486 Quad EIA-422/3 Line Receiver 7-139 MC13024 0123
MC3487 Quad E1A-422 Line Driver With Three-State | 7-142 Low-Voltage Motorola C-QUAM®
Output AM Stereo Receiver
MC3488A | Dual EIA-423/EIA-232D Driver 7-146 | | MC13041 AM Receiver Subsystem 9-128
MC3503 Quad Differential-Input Operational 2-208 MC13055 Wideband FSK Receiver 8-82
Amplifier MC13060 Mini-Watt Audio Output 9-134
MC3505 Dual Operational Amplifier plus Dual 2-214 MC33030 DC Servo Motor Controlter/Driver 4-22
Voltage Comparator MC33033 DC Brushless Motor Controller 4-35
MC3517 Condnzorsly-\griable—|SIODe Delta * MC33034 DC Brushless Motor Controller 4-56
MCa5 c oau alor/v emodu:ltor MC33035 DC Brushless Motor Controlier 4-76
3518 ontinuously-Variable-Slope Delta *
Modulator/Demodulator MC33039 Closed-Loop Brushiess Motor Adapter 4-98
; - MC33060A Switchmode Pulse Width Modulation 3-200
MC3523 Overvoitage Sensing Circuit 3121 Control Gircuit
MC3556 Dual Timing Circuit 11-41

*See Telecommunication Device Data (DL136)
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Device Device
Number Function Page Number Function Page
MC33063 DC-to-DC Converter Control Circuit 3-212 MC34013A Speech Network and Tone Dialer *
MC33063A DC-to-DC Converter Control Circuit 3-218 MC34014 Telephone Speech Network with Dialer *
MC33064 Undervoltage Sensing Circuit 3-227 Interface
MC33065 High-Performance Dual Channel Current | 3-232 MC34017 Telephone Tone Ringer )
Mode Controller MC34018 Voice Switched Speakerphone Circuit -
MC33066 High-Performance Resonant Mode 3-245 MC34050 Dual EIA-422/423 Transceiver 7-161
Controller MC34051 Dual EIA-422/423 Transceiver 7-161
MC33071 High-Performance Single-Supply 2-306 MC34060 Switchmode Pulse Width Modulation 3-188
Operational Amplifier Controt Circuit
MC33072 Dual, High-Performance Single-Supply 2-306 MC34060A Switchmode Pulse Width Modulation 3-200
Operational Amplifier Control Circuit
MC33074 Quad, High-Performance Single-Supply 2306 MC34063 DC-to-DC Converter Control Circuit 3212
Operational Amplifier
) : . MC34063A DC-to-DC Converter Control Circuit 3-218
MC33077 Dual, Low-Noise Operational Amplifier 2-250 . .
) ) . MC34064 Undervoltage Sensing Circuit 3-227
MC33078 Dual, Low-Noise Operational Amplifier 2-261 )
- . o MC34065 High-Performance Dual Channel Current 3-232
MC33079 Quad, Low-Noise Operational Amplifier 2-261 Mode Controller
MCa3120 Subscriber Loop Interface Circuit ) MC34066 High-Performance Resonant Mode 3-245
MC33129 High-Performance Current Mode Controller | 3-253 Controller
MC33151 High-Speed Dual MOSFET Driver 3-266 MC34071 High-Performance Single-Supply 2-306
MC33152 High-Speed Dual MOSFET Driver 3274 Operational Ampiifier
MC33153 High-Speed Dual MOSFET Driver 3-274 MC34072 Dual, High-Pertormance Single-Supply 2-306
. Operational Amplifier
MC33160 Microprocessor Voltage Regulator and 3-279 . .
Supervisory Circuit MC34074 Quad, High-Performance Single-Supply 2-306
_— Operational Amplifier
MC33163 Power Switching Regulator 3-287 MC34080 2302
MC33164 Undervoltage Sensing Circuit 3-297 H\gh;:Speed Decompensated (AycL 2 2)
MC33166 Power Switching Regulator 3-302 JFET Input Operational Amplifier
9 nea MC34081 High-Speed JFET Input Operational 2322
MC33171 Low-Power, Single-Supply Operational 2-270 Amplifier
Amplifi
mplier . MC34082 Dual, High-Speed JFET Input Operational 2-322
MC33172 Low-Power, Single-Supply Operational 2-270 Amplifier
Amplifier
P . ) MC34083 Dual, High-Speed Decompensated 2-322
MC33174 Low-Power, Single-Supply Operational 2-270 (AvcL 2 2) JFET Input Operationa)
Amplifier Amplifier
MC33178 High-Output Current Low-Power 2-277 . . g
Operational Amplifier MC34084 Qu:i\dr,ns'uigf;ierpeed JFET Input Operational 2-322
MC33179 High-Output Current Low-Power 2-277 . g
Operational Amplifier MC34085 Quad, High-Speed Decompensalefi 2-322
, (AycL 2 2) JFET Input Operational
MC33181 Low-Power JFET Input Operational 2-333 Amplifier
Amplifier
P ) MC34114 Telephone Speech Network with Dialer *
MC33182 Dual, Low-Power JFET Input Operational 2-333 Interface
Amplifier
P . MC34115 Continuously Variable Slope Delta *
MC33184 Quad, Low-Power JFET Input Operational 2-333 Modulator/Demodulator
Amplifier
MC33272 High Pprform Overational Amplif 0-087 MC34117 Telephone Tone Ringer "
igh-| N rati il -
Measora H‘gh pe" ance ope ar°”al A"‘pl_fe' o7 MC34118 Voice Switched Speakerphone Circuit .
-Perfor! =
Measzss J":QET 5 ;;ancleA pel',? fonal Ampiilier 7 206 MC34119 Low-Power Audio Amplifier 9-138
ional -
MC33284 SFET Oz sional Amp\:er 2.206 MC34129 High-Performance Current Mode Controller | 3-253
erational Amplifie =
. FET ot Oneat pl'; i " 5206 MC34151 High-Speed Dual MOSFET Driver 3-266
-Input Operational -
Meat002 iy P t op 1{0 | Amp;;er 2250 MC34152 High-Speed Dual MOSFET Driver 3-274
-Input Operational -
Mead008 iy P mp ‘ lf° 'Amp‘fffe' 200 MC34153 High-Speed Dual MOSFET Driver 3274
n?“ pera lona' nl1p| er MC34160 Microprocessor Voltage Regulator and 3-279
MC34010 Electronic Telephone Circuit " Supervisory Circuit
MC34011A Electronic Telehpone Circuit " MC34163 Power Switching Regulator 3-287
Mcg‘;‘r)ig Telephone Tone Ringer : MC34164 Undervoltage Sensing Circuit 3-297

*See Telecommunication Device Data (DL136)
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Device Device
Number Function Page Number Function Page
MC34166 Power Switching Regulator 3-302 NE592 Video Amplifier 2-342
MC34181 Low-Power JFET Input Operational 2-333 OP-27 Ultra-Low-Noise Precision, High-Speed 2-347
Ampilifier Operational Amplifier
MC34182 Dual, Low-Power JFET Input Operational 2-333 SAA1042,A Stepper Motor Driver 4-103
Amplifier SE592 Video Amplifier 2-342
MC34184 Quidh;ﬁ::ower JFET Input Operational | 2-333 SG1525A Pulse Width Modutator Contro! Circuit 3-304
SG1526 Pulse Width Modulator Control Circuit 3-311
MC35001 JFET-Input Operational Amplifier 2-299 . .
R " SG1527A Pulse Width Modutator Control Circuit 3-304
MC35002 JFET-Input Operational Ampiifier 2-299 . .
) " SG2525A Pulse Width Modulator Control Circuit 3-304
MC35004 JFET-Input Operational Amplifier 2-299 . s
. ) ! 5G2526 Puise Width Modulator Control Circuit 3-311
MC35060 Switchmode Pulse Width Modutation 3-188 , -
Control Circuit SG2527A Pulse Width Modulator Control Circuit 3-304
MC35060A Switchmode Pulse Width Modulation 3-200 SG3525A Pulse Width Modulator Control Circuit 3-304
Control Circuit 5G3526 Pulse Width Modulator Control Circuit 3-31t
MC35063 DC-to-DC Converter Control Circuit 3-212 SG3527A Pulse Width Modulator Control Circuit 3-304
MC35063A DC-to-DC Converter Controt Circuit 3-218 SN75172 Quad EIA-485 Line Driver with 7-186
MC35071 High-Performance Single-Supply 2:306 Three-State Output
Operational Amplifier SN75173 Quad EIA-485 Line Receiver with 7-188
MC35072 Dual, High-Performance Single-Supply 2:306 Three-State Output
Operational Amplifier SN75174 Quad EIA-485 Line Driver with Three-State | 7-186
MC35074 Quad, High-Performance Single-Supply 2:306 Output
Operational Amplifier SN75175 Quad EIA-485 Line Receiver with 7-188
MC35080 High-Speed Decompensated 2.322 Three-State Output
(AvcL = 2) JFET Input Operational TCAQ372 Dual Power Operational Amplifier 2-356
Amplifier TCAS5600 Universal Microprocessor Power Supply 3-318
MC35081 High-Speed JFET Input Operational 2322 Controller
Amplifier TCF5600 Universal Microprocessor Power Supply 3-318
MC35084 Quad, High-Speed JFET Input Operational | 2-322 Controller
Amplifier TCF6000 Peripherat Clamping Array 10-27
MC35085 Quad, High-Speed Decompensated 5.300 ::"DA1085A Un!versal Motor Speed Controller 4-108
(AveL = 2) JFET Input Operational DA1085C Universal Motor Speed Controller 4-115
Amplitier TDA1185A Triac Phase Angle Controller 4-125
MC35171 Low-Power, Single-Supply Operational 2-270 TDA1524A Stereo Tone Control System 9-161
Amplifier TDA3190P TV Sound System 9-166
MC35172 Dual, Low-Power, Single-Supply 2-270 TDA3301B TV Color Processor 9-169
Operational Amplifier TDA3303 TV Color Processor 9-169
MC35174 Quad, Low-Power, Sip_gle-Supply 2-270 TDA3330 TV Color Processor 9-183
Operational Amplifier TDA4601 Flyback Converter Regulator Controi Circuit | 3-330
MC35181 Low-Power JFET-Input Operational 2-333 TLO61 Low-Power JFET-Input Operational 2-359
Amplifier Amplifier
MC35182 Dual, Low-Power JFET Input Operational 2-333 TLO62 Dual, Low-Power JFET-Input Operational 2-359
Amplifier Amplifier
MC35184 Quad, Low-Power JFET Input Operational 2-333 TLO64 Quad, Low-Power JFET-Input Operational 2-359
Amplifier Amplifier
MC44301 System 4 High-Performance Coior TV IF 9-147 TLO71 Low-Noise, JFET-Input Operational 2-367
MC44602 Current Mode Controller 3303 Amplifier _
MC44802 PLL Tuning Circuit With 1.3 GHz Prescaler | 9-153 TLo72 D”aA" r#;‘))l‘i'fli.e’\:o’se’ JFET-Input Operational | 2-367
MC75107 Dual Line Receiver 7168 ) TLo7a Quad, Low-Noise, JFET-Input Operational | 2-367
MC75108 Dual Line Receiver 7-168 Amplifier
MC75S110 Dual Line Driver 7173 TLO81 JFET Input Operational Amplifier 2-374
MC75125 Seven-Channet Line Receiver 7-178 TLO82 Dual, JFET Input Operational Amplifier 2-374
MC75127 Seven-Channel Line Receiver 7-178 TLO84 Quad, JFET Input Operational Amplifier 2-374
MC75128 Eight-Channel Line Receiver 7-182 TL431,A Programmable Precision References 5-17
MC75129 Eight-Channel Line Receiver 7-182 Series
MCC3334 High Energy lgnition Circuit 10-10 TL494 Switchmode Pulse Width Modulation 3-336
Control Circuit
MCCF3334 High Energy Ignition Circuit 10-10
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Device Device
Number Function Page Number Function Page
TL594 Switchmode Pulse Width Modulation 3-347 UucC3845 High-Performance Current Mode Controller | 3-377
Controf Circuit ULN2001A Peripheral Driver Array 7-41
TL780 Three-Terminal Positive Voltage Regulator 3-358 ULN2002A Peripheral Driver Array 7-41
UAA10168B Zero Voltage Controller 4-134 ULN2003A Peripheral Driver Array 7-41
UAA1041 Automotive Direction Indicator 10-31 ULN2004A Peripheral Driver Array 7-41
UAA2016 Zero Voltage Controller 4-140 ULN20688 Quad 1.5 A Darlington Switch 7-193
UC2842A High-Performance Current Mode Controller | 3-363 ULN2074B Quad 1.5 A Darlington Switch 7-197
UC2843A High-Performance Current Mode Controller | 3-363 ULN2801 Octal Peripheral Driver Array 7-201
Uc2844 High-Performance Current Mode Controller | 3-377 ULN2802 Octal Peripheral Driver Array 7-201
uc2845 High-Performance Current Mode Controller | 3-377 ULN2803 Octal Peripheral Driver Array 7-201
UC3842A High-Performance Current Mode Controller | 3-363 ULN2804 Octal Peripheral Driver Array 7-201
UC3843A High-Performance Current Mode Controller | 3-363 LA7ES40 Universal Switching Regulator Subsystem 3-390
UC3844 High-Performance Current Mode Controller | 3-377
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Cross Reference

NOTE: All "Motorofa Direct Replacement” devices which have part numbers identical to the “Part
Number" being searched for are not included in this Cross Reference table. Please refer to
the Alphanumeric Index on pages 1-1 to 1-6.

Motorola Motorola Motorola Motorola
Direct Similar Direct Similar

Part Number Replacement Replacement Page Part Number Replacement Replacement Page
55110DM MC75S110L 7-173 AD509J LM301AH 2-45
75107ADC MC75107L 7-168 AD509K LM301AH 2-45
75107APC MC75107P 7-168 AD509S LM101AH 2-45
75107BDC MC75107L 7-168 AD518J LM301AH 2-45
75107BPC MC75107P 7-168 AD518K LM301AH 2-45
75108ADC MC75108L 7-168 AD518S LM101AH 2-45
75108APC MC75108P 7-168 AD530 MC1595L 11-26
75108BDC MC75108L 7-168 AD531 MC1595L 11-26
75108BPC MC75108P 7-168 AD532L MC1595L 11-26
75110DC MC75S8110L 7-173 AD580J MC1403U 5-8
75110PC MC75S110P 7-173 AD580K MC1403P1 5-8
75207DC MC75107L 7-168 AD580M MC1403AP1 5-8
75207PC MC75108P 7-168 AD580S MC1503U 5-8
75208DC MC75108L 7-168 AD580T MC1503AU 5-8
75208PC MC75108P 7-168 AD589J 1M3857-1.2 5-4
8216 MC8T26AL 7-27 AD589K LM385Z-1.2 5-4
8226 MC8T28L 7-32 AD589L LM385Z-1.2 5-4
9614DC MC75S110L 7-173 AD589M LM385B2Z-1.2 5-4
9614DM MC75S110L 7-173 AD741CJ MC1741CG 2-170
9615DC MC75108L 7-168 AD741J MC1741G 2-170
9616CDC MC1488L 7-48 AD741K MC1741G 2-170
9616DM MC1488L 7-48 AD741L MC1741G 2-170
9616EDC MC1488L 7-48 AD7418 MC1741SG 2-175
9617DC MC1489AL 7-54 ADDAC-08AD DAC-08AQ 6-5
9620DC MC75S110L 7-173 ADDAC-08CD DAC-08CQ 6-5
9620DM MC75S8110L 7173 ADDAC-08D DAC-08Q 6-5
9621DC MC75108L 7-168 ADDAC-08ED DAC-08EQ 6-5
9627CDC MC1489AL 7-54 ADDAC-08HD DAC-08HQ 6-5
9627DM MC1489AL 7-54 AM101AD LM101AH 2-45
9636AT MC3488AP 7-146 AM101AF LM101AH 2-45
9637T MC3486P 7-139 AM101A LM101AH 2-45
9638T MC3487P 7-142 AM10G1D LM101AH 2-45
9640DC MC26S10L 7-59 AM101F LM101AH 2-45
9640NC MC3440AP 7-65 AM101 LM101AH 2-45
9640PC MC26S10P 7-59 AM107D MC1741G 2-170
9665DC MC1411L 7-41 AM107F MC1741G 2-170
9665PC MC1411P 7-41 AM107 LM111J 2-54
9666DC MC1412L 7-41 AM111D MC1741G 2-170
9666PC MC1412P 7-41 AM111H LM111H 2-54
9667DC MC1413L 7-41 AM201AD LM201AN 2-45
9667PC MC1413P 7-41 AM201AF LM201AH 2-45
9668DC MC1416L 7-41 AM201A LM201AH 2-45
9668PC MC1416P 7-41 AM201D LM201AN 2-45
AD1403AN MC1403AU 5-8 AM201F LM201AH 2-45
AD1408-7D MC1408L7 6-15 AM201 LM201AH 2-45
AD1508-8D MC1508L8 6-15 AM207D MC1741C 2-170
AD301AL LM301AH 2-45 AM207F MC1741C 2-170
AD5054 MC1776CG 2-189 AM207 MC1741C 2-170
AD505K MC1776CG 2-189 AM211D MC1741C 2-170
AD506S MC1776G 2-189 AM211H LM211H 2-54
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Part Numb Repl it pl it Page Part Number pl it Repl Page
AM26LS31CJ AM26LS31PC 7-21 CA082CS TLO82CJG 2-374
AM26LS31CN AM26LS31PC 7-21 CA082E TLO82CP 2-374
AM26LS31DS AM261.S31DS 7-21 CAQ82S TLOB2MJG 2-374
AM26LS32ACJ AM26LS32D 7-24 CAQ84AE TLO84ACN 2-374
AM26LS32ACN AM26LS32APC 7-24 CAODB4E TLO84CN 2-374
AM26L.S32P AM26LS32PC 7-24 CA084S TLOB2MJ 2-374
AM26LS33DC MC3486L 7-139 CA101AT LM101AH 2-45
AM26LS33PC MC3486P 7-139 CA101T LM101AH 2-45
AM26S510DC MC26S10L 7-59 CA107T MC1741CG 2-170
AM301AD LM301AJ 2-45 CA108AS LM108AJ-8 2-49
AM3O1A LM301AH 2-45 CA108AT LM108AH 2-49
AM301D LM301AJ 2-45 CA108S LM108J-8 2-49
AMB301 LM301AH 2-45 CA108T LM108H 2-49
AM311D LM3114-8 2-54 CA1391E MC1391P 9-63
AM311H LM311H 2-54 CA139AG LM139AJ 2-66
AM592HC NE592K 2-342 CA139G LM139J 2-66
AM592HM SES592K 2-342 CA1458S MC1458CP1 2-133
AMS92PC NES92N 2-342 CA14587 MC1458G 2-133
AM723DC MC1723CL 3-109 CA1558S MC1558U 2-133
AM723DM MC1723L 3-109 CA1558T MC1558G 2-133
AM723HC MC1723CG 3-109 CA201AT LM201AH 2-45
AM723HM MC1723G 3-109 CA201T LM201AH 2-45
AM723PC MC1723CP 3-109 CA207T MC1741C 2-170
AM725A31T MC1556G 2-127 CA208AT LM208AH 2-49
AM725HM MC1556G 2-127 CA208S LM208J-8 2-49
AM733DC MC1733CL 2-162 CA208T LM208H 2-49
AM733DM MC1733L 2-162 CA239AE LM239AN 2-66
AM733HC MC1733CG 2-162 CA239AG LM239AJ 2-66
AM733HM MC1733G 2-162 CA239E LM239N 2-66
AM741DC MC1741CU 2-170 CA239G LM239J 2-66
AM741DM MC1741U 2-170 CA3008A MC1709U 2-158
AM741HC MC1741CG 2-170 CA3008 MC1709U 2-158
AM741HM MC1741G 2-170 CA3010A MC1709G 2-158
AM747DC MC1747CL 2-181 CA3010 MC1709G 2-158
AM747DM MC1747L 2-181 CA3011 MC1590G 2-150
AM747HC MC1747CG 2-181 CA3012 MC1590G 2-150
AM747HM MC1747G 2-181 CA3015A MC1709G 2-158
AM748DC MC1748CU 2-185 CA3015 MC1709G 2-158
AM748DM MC1748U 2-185 CA3016A MC1709U 2-158
AM748HC MC1748CG 2-185 CA3016 MC1709U 2-158
AM748HM MC1748G 2-185 CA301AT LM301AH 2-45
AN5150 MC34129P 3-253 CA3020A MC1454G 2-123
AN5151 MC13001P 9-94 CA3020 MC1554G 2-123
CAQ81AE TLOB1ACP 2-374 CA3021 MC1590G 2-150
CA081AS TLO81ACJG 2-374 CA3022 MC1590G 2-150
CAD81CS TLOB1CJG 2-374 CA3023 MC1590G 2-150
CAQB1E TLOB1CP 2-374 CA3026 CA3054 9-9
CA081S TLOBIMIG 2-374 CA3029A MC1709P1 2-158
CAQ082AE TLO82ACP 2-374 CA3029 MC1709P1 2-158
CAQ82AS TLO82ACJG 2-374 CA3030A MC1709P1 2-158
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NOTE: All "Motorola Direct Replacement” devices which have part numbers identical to the “Part
Number” being searched for are not included in this Cross Reference table. Please refer to
the Alphanumeric Index on pages 1-1to 1-6.
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CA3030 MC1709P1 2-158 CA6741S MC1776G 2-189
CA3031 MC1733 2-162 CA6741T MC1776G 2-189
CA3032 MC1733 2-162 CA723CE MC1723CP 3-109
CA3037A MC1709U 2-158 CA723CT MC1723CG 3-109
CA3037 MC1709U 2-158 CA723E MC1723L 3-109
CA3038A MC1709U 2-158 CA723T MC1723G 3-109
CA3038 MC1709U 2-158 CA741CS MC1741CP1 2-170
CA3044V1 MC13010P 9-103 CA741CT MC1741CG 2-170
CA3044 MC13010P 9-103 CA7418 MC1741U 2-170
CA3045F MC3346P 9-70 CA741T MC1741G 2-170
CA3045 MC3346P 9-70 CA747CE MC1747CL 2-181
CA3046 MC3346P 9-70 CA747CF MC1747CL 2-181
CA3048 MC3301P 2-198 CA747CT MC1747CG 2-181
CA3052 MC3301P 2-198 CA747E MC1747L 2-181
CA3054 CA3054 9-9 CA747F MC1747L 2-181
CAB3056A MC1741G 2-170 CA747T MC1747G 2-181
CA3056 MC1741CG 2-170 CA748CS MC1748CP1 2-185
CA3058 CA3059 4-9 CA748CT MC1748CG 2-185
CA3059 CA3059 4-9 CA748S MC1748U 2-185
CA3064 MC13010P 9-103 CA748T MC1748G 2-185
CA3076 MC1590G 2-150 CA7607E MC13010P 9-103
CA3078AS MC1776G 2-189 CA7611E MC13010P 9-103
CA3078AT MC1776G 2-189 CMP-01CJ MC1556G 2-127
CA3078S MC1776CG 2-189 CMP-01CP MC1556P 2-127
CA307877 MC1776CG 2-189 CS3471 MC3471P 7-123
CA3079 CA3079 4-9 08216 MC8T26AL 7-27
CA3085AF MC1723L 3-109 D8226 MC8T28L 7-32
CA3085AS MC1723G 3-109 DAC-08CN DAC-08CP 6-5
CA3085A MC1723G 3-109 DAC-08EN DAC-08EP 6-5
CA3085 MC1723G 3-109 DAC-08HN DAC-08HP 6-5
CA3086F MC3346P 9-70 DACO0800LCY DAC-08EQ 6-5
CA308AS LM308N 2-49 DAC0800LCN DAC-08EP 6-5
CA308AT LM308AH 2-49 DACO0800LD DAC-08Q 6-5
CA308S LM308H 2-49 DAC0801LCJ DAC-08CQ 6-5
CA3091D MC1594L 11-12 DACO0801LCN DAC-08CP 6-5
CA3136A MC3346P 9-70 DAC0802LCJ DAC-08HQ 6-5
CA3139 MC13010P 9-103 DAC0802LCN DAC-08HP 6-5
CA3146D CA3146D 9-11 DAC0802LD DAC-08AQ 6-5
CA3146 MC3346P 9-70 DAC0806LCJ MC1408L6 6-15
CA3201E TDA3301 9-169 DACO0806LCN MC1408P6 6-15
CA3210E MC13001P 9-94 DAC0807LCJ MC1408L7 6-15
CA3217E TDA3301 9-169 DACO0807LCN MC1408P7 6-15
CA3302E MC3302N 2-66 DAC0808LCJ MC1408L.8 6-15
CA339AE LM333AN 2-66 DACO0808LCN MC1408P8 6-15
CA339AG LM339AJ 2-66 DAC0808LD MC1508L8 6-15
CA339E LM339N 2-66 DM7822 MC1489AL 7-54
CA339G LM33aJ 2-66 DM7837J MC3437L 7-62
CA3401E MC3401P 2-198 DM8822J MC1489AL 7-54
CA6078AS MC1776G 2-189 DM8822N MC1489AP 7-54
CAB078AT MC1776G 2-189 DM8837N MC3437P 7-62
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DS1488J MC1488L 7-48 DS8839J MC8T28L 7-32
DS1488N MC1488P 7-48 DS8839N MC8T28P 7-32
DS1489AJ MC1489AL 7-54 DS8922A MC34051 7-161
DS1489AN MC1489AP 7-54 DS8923A MC34050 7-161
DS81489J MC1489L 7-54 ICB8741C MC1741CG 2-170
DS1489N MC1489P 7-54 ICH8500ATV MC1776CG 2-189
DS26LS31N AM26LS31P 3-21 ICH8500TV MC1776CG 2-189
DS26LS32N AM26LS32P 3-24 ICL101ALNDP LM101AH 2-45
DS26510CJ MC26S10L 7-59 ICL101ALNFB LM101AH 2-45
DS26S10CN MC26S10P 7-59 ICL101ALNTY LM101AH 2-45
DS3486J MC3486L 7-139 ICL301ALNPA LM301AH 2-45
DS3486N MC3486P 7-139 ICL301ALNTY LM301AH 2-45
DS3487J MC3487L 7-142 ICL741CLNPA MC1741CP1 2-170
DS3487N MC3487P 7-142 ICL741CLNTY MC1741CP1 2-170
DS3612H MC1472U 7-45 ICL8001CTZ LM111J 2-54
DS3612N MC1472P1 7-45 ICL800TMTZ LM111d 2-54
DS3632H MC1472U 7-45 ICL8007CTA MC1709CG 2-158
DS3632J MC1472U 7-45 ICL80C7MTA MC1709CG 2-158
DS3632N MC1472P1 7-45 ICL8OOBCPA LM301AN 2-45
DS3650J MC3450L 7-83 ICL8008CTY LM301AN 2-45
DS3650N MC3450P 7-83 ICLB013A MC1594L 11-12
DS3651J MC3430L 2-222 ICL8013B MC1594L 11-12
DS3651N MC3430P 2-222 ICL8013C MC1594L 11-12
DS36524 MC3452L 7-83 ICL8017CTW LM301AN 2-45
DS3652N MC3452P 7-83 ICL8O17TMTW LM301AN 2-45
DS3653J MC3432L 2-222 ICL8021C MC1776G 2-189
DS3653N MC3432P 2-222 ICLBO21M MC1776G 2-189
DS3691 AM26L.S30 7-10 ICL8022C MC1776G 2-189
DS55107W MC75107L 7-168 ICL8022M MC1776G 2-189
DS55110J MC75S110L 7-173 ICL8043CDE MC1776G 2-189
DS751074 MC75107L 7-168 ICL8043CPE MC1776G 2-189
DS75107N MC75107P 7-168 ICL8043MDE MC1776G 2-189
DS75108J MC75108L 7-168 ICL8048CDE MC1776G 2-189
DS75108N MC75108P 7-168 ICL8048CPE MC1776G 2-189
DS751104 MC75S110L 7-173 ICL8048DPE MC1776G 2-189
DS75110N MC75S110P 7-173 ICL8069CCZR LM385BZ-1.2 5-4
DS75207J MC75107L 7-168 ICL8069DCZR LM385BZ-1.2 5-4
DS75207N MC75107P 7-168 IP1525AJ SG1526AJ 3-311
DS75208J MC75108L 7-168 IP1526J SG1526J 3-311
DS75208N MC75108P 7-168 IP1527AJ SG1527AJ 3-304
DS7837J MC3437L 7-62 IP2525A SG2525AJ 3-304
DS7837W MC3437L 7-62 1P2526J SG25264 3-304
DS8833J MC8T28L 7-32 1P2527AJ SG2527AJ 3-304
DS8833N MC8T28P 7-32 1P33063N MC33063P1 3-212
DS8834J MC8T26AL 7-27 IP34060AN MC34060AP 3-188
DS8834N MC8T26AP 7-27 1P34063N MC34063P1 3-212
DS8835J MC8T26AL 7-27 IP35060AN MC35060AL 3-188
DS8835N MC8T26AP 7-27 1P35063J MC35063U 3-212
DS8837J MC3437L 7-62 1P3525AJ SG3525AJ 3-304
DS8837N MC3437P 7-62 IP3525AN SG3525AN 3-304

MOTOROLA LINEAR/INTERFACE DEVICES

1-11




NOTE: All "Motorola Direct Replacement” devices which have part numbers identical to the "Part
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1P3526J SG3526J 3-311 LH2101AF MC1537L 2-105
1P3526N 5G3526N 3-311 LH2201AD MC1537L 2-105
1P3527AJ SG3527AJ 3-304 LH2201AF MC1537L 2-105
IP3527AN SG3527AN 3-304 LH2301AD MC1437L 2-105
IP494ACJ TL594IN 3-347 LH2301AF MC1437L 2-105
IP494ACN TL594CN 3-347 LH740ACH LF355H 2-17
1P494AJ TL594MJ 3-347 LM101AD LM101AH 2-45
1TT3064 MC13010P 9-103 LM101AF LM101AH 2-45
ITT3710 MC1391P 9-63 LM101AJ-14 LM101AJ 2-45
ITT652 MC1411P 7-41 LM101AJG LM101AJ 2-45
1TT654 MC1412P 7-41 LM101AJ LM101AJ 2-45
ITT656 MC1413P 7-41 LM101AL LM101AH 2-45
L144AP LM324N 2-60 LM101D LM101AJ 2-45
L201 MC1411P 7-41 LM101F LM101AH 2-45
L202 MC1412P 7-41 LM101J-14 LM101AJ 2-45
L203 MC1413P 7-41 LM107H MC1741 2-170
1583 MC3484S2 10-21 LM107L MC1741 2-170
LF351BH MC34001BG 2-299 LM108AH LM108AH 2-49
LF351BN MC34001BP 2-299 LM109LA LM109K 3-16
LF351H MC34001G 2-299 LM111HH LM111H 2-54
LF352D LF355J 2-17 LM111JG LM111J-8 2-54
LF353BH MC34002BG 2-299 LM112H MC1556U 2-127
LF353BN MC34002BP 2-299 LM118H MC1741SG 2-170
LF353H MC34002G 2-299 LM120H-12 MC7912CK 3-171
LF3554G LF355J 2-17 LM120H-15 MC7915CK 3-171
LF355L LF355H 2-17 LM120H-5.0 MC73805CK 3171
LF355N LF355J 2-17 LM120K-12 MC7912CK 3-171
LF356BN LF356J 217 LM120K-15 MC7915CK 3-171
LF356JG LF356J 2-17 LM120K-5.0 MC7905CK 3-171
LF356L LF356H 2-17 LM122H MC1556G 2-127
LF356N LF356J 2-17 LM124AD LM124J 2-60
LF356P LF356J 2-17 LM124AJ LM124 2-60
LF3578N LF357BJ 2-17 LM125H MC1568G 3-109
LF357JG LF357J 217 LM126H MC1568G 3-109
LF357L LF357H 2-17 LM128H MC1568G 3-109
LF357N LF357J 2-17 LM1408J6 MC1408L6 6-15
LF357P LF357J 217 LM140847 MC1408L7 6-15
LHO004CHH MC1536G 2-101 LM1408J8 MC1408L8 6-15
LHO004CH MC1436G 2-101 LM1408N6 MC1408P6 6-15
LHO0004H MC1536G 2-101 LM1408N7 MC1408P7 6-15
LHOOOACD MC1776CG 2-189 LM1408N8 MC1408P 6-15
LHOOOACF MC1776CG 2-189 LM1483AN MC1489AP 7-54
LHOO0ACH MC1776CG 2-189 LM1489J MC1489L 7-54
LHOO0AD MC1776G 2-189 LM1489N MC1489P 7-54
LHOO0AF MC1776G 2-189 LM1496H MC1496G 8-13
LHO00AH MC1776G 2-189 LM1496J MC1496L 8-13
LH042CH MC1776G 2-189 LM1496N MC1496P 8-13
LH101H MC1741G 2-170 LM149J MC4741L 2-245
LH201H MC1741G 2-170 LM158AH LM158H 2-76
LH2101AD MC1537L 2-105 LM158JG LM158J 2-76
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LM158L LM158H 2-76 LM240LAZ-24 MC78L24ACP 3-148
LM1596H MC1596G 8-13 LM240LAZ-5.0 MC78L0O5ACP 3-148
LM1596J MC1596L 8-13 LM240LAZ-6.0 MC78LOSACP 3-148
LM163J MC3450L 7-83 LM240LAZ-8.0 MC78LOBACP 3-148
LM171H MC1590G 2-150 LM243H MC1536G 2-101
LM1822 MC13010P 9-103 LM248J MC4741L 2-245
LM1849A MC3484S2 10-21 LM249N MC4741P 2-245
LM1889 MC1374P 9-32 LM258AH LM258H 2-76
LM1900D MC3301P 2-198 LM258M LM258D 2-76
LM193JG LM183H 2-82 LM271H MC1590G 2-150
LM193U LM193H 2-82 LM2901M LM2901D 2-66
LM1981 MC13020P 9-108 LM2302M LM2902D 2-60
LM201AJ-14 LM201AJ 2-45 LM2303M LM2903D 2-82
LM201AJG LM201AJ 2-45 LM2903P LM2303N 2-82
LM201AP LM201AN 2-45 LM2903 LM2903N 2-82
LM201H LM201AH 2-45 LM2904M LM2904D 2-76
LM201J-14 LM201AJ 2-45 LM2905N MC1455P1 11-5
LM201J LM201AJ 2-45 LM2931CM LM2931CD 3-89
LM204LAH-5.0 MC78LO5ACG 3-148 LM2931D-5.0 LM2931D-5.0 3-89
LM204LAH-8.0 MC78LOBACG 3-148 LM293P LM233H 2-82
LM207H MC1741C 2-170 LM293U LM293H 2-82
L M208AJ LM208AJ-8 2-49 LM301AJG LM301Ad 2-45
LM211JG LM211J-8 2-54 LM301AL LM301AH 2-45
LM211M LM211D 2-54 LM301AM LM301AD 2-45
LM212H MC1456U 2-127 LM30tAP LM301AN 2-45
LM217H LM217H 3-21 LM3026 CA3054 9-8
LM217KC LM217K 3-21 LM3045 MC3446P 9-70
LM217KD LM217H 3-21 LM3046N MC3346P 9-70
LM218H MC1741SG 2-170 LM3054 CA3054 9-9
LM218J-8 MC1741SU 2-170 LM3064N MC13010P 9-103
LM220H-12 MC7812CK 3171 LM307P LM307N 2-87
LM220H-15 MC7915CK 3-171 LM3089 MC3356P 8-40
LM220H-5.0 MC7905CK 3171 LM308AH-1 LM308AH 2-49
LM220K-12 MC7912CK 3171 LM308AH-2 LM308AH 2-49
LM220K-15 MC7915CK 3-171 LM308M LM308D 2-49
LM220K-5.0 MC7905CK 3171 LM309KC LM309K 3-16
LM222H MC1556G 2-127 LM311D LM311D 2-54
LM224AF LM224J 2-60 1M311J-8 LM311J-8 2-54
LM224AJ LM224) 2-60 LM311JG LM311J-8 2-54
LM224M LM224N 2-60 LM311M LM311D 2-54
LM225H MC1568G 3-109 LM311N-14 LM311J 2-54
LM226H MC1568G 3-109 LM311N LM311J 2-54
LM228H MC1568G 3-109 LM311P LM311IN 2-54
LM239M LM238D 2-66 LM312H MC1456G 2-127
LM239N LM239N 2-66 LM3146A MC3346P 9-70
LM240LAH-12 MC78L12ACG 3-148 LM3146 MC3346P 9-70
LM240LAH-15 MC78L15ACG 3-148 LM317KC LM317T7 3-21
LM240LAZ-12 MC78L12ACP 3-148 LM317KD LM317T 3-21
LM240LAZ-15 MC78L15ACP 3-148 LM317MP LM317MT 3-74
LM240LAZ-18 MC78L18ACP 3-148 LM317P LM317T 3-21
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LM3189 MC3356P 8-40 LM340LAH-15 MC78L15ACG 3-148
LM318D MC1741SCU 2-175 LM340LAH-5.0 MC78LOSACG 3-148
LM318H MC1741SCG 2-175 LM340LAH-8.0 MC78LOBACG 3-148
LM318N MC1741SCP1 2-175 LM340LAZ-12 MC78L12ACP 3-148
LM320H-12 MC7912CK 3171 LM340LAZ-15 MC78L15ACG 3-148
LM320H-15 MC7915CK 3-171 LM340LAZ-18 MC78L18ACP 3-148
LM320H-5.0 MC7905CK 3-171 LM340LAZ-24 MC78L24ACP 3-148
LM320K-12 MC7912CK 3-171 LM340LAZ-5.0 MC78LOSACP 3-148
LM320K-15 MC7915CK 3-171 LM340LAZ-6.0 MC78L0O5ACP 3-148
LM320K-5.0 MC7905CK 3-171 LM340LAZ-8.0 MC78LOBACP 3-148
LM320LZ-12 MC79L12ACP 3-180 LM341P-12 MC78M12CT 3-154
LM320LZ-15 MC79L15ACP 3-180 LM341P-15 MC78M15CT 3-154
LM320LZ-5.0 MC79LO5ACP 3-180 LM341P-18 MC78M18CT 3-154
LM320MP-12 MC7912CT 3-171 LM341P-24 MC78M24CT 3-154
LM320MP-15 MC7915CT 3-171 LM341P-5.0 MC78MO5CT 3-154
LM320MP-18 MC73918CT 3-171 LM341P-6.0 MC78MO6CT 3-154
LM320MP-24 MC7924CT 3-171 LM341P-8.0 MC78MO08CT 3-154
LM320MP-5.0 MC7905CT 3-171 LM342P-12 MC78M12CT 3-154
LM320MP-5.2 MC7905.2CT 3171 LM342P-15 MC78M15CT 3-154
LM320MP-6.0 MC7906CT 3-171 LM342P-18 MC78M18CT 3-154
LM320MP-8.0 MC7908CT 3-171 LM342P-24 MC78M24CT 3-154
LM320T-12 MC7912CT 3-171 LM342P-5.0 MC78M05CT 3-154
LM320T-15 MC7915CT 3-171 LM342P-6.0 MC78MO6CT 3-154
LM320T-5.0 MC7905CT 3-171 LM342P-8.0 MC78MO08CT 3-154
LM320T-5.2 MC7905.2CT 3-171 LM343H MC1436G 2-101
LM322H MC1455G 11-5 LM345K MC7905CK 3-171
LM322N MC1455P1 11-5 LM349J MC4741CL 2-245
LM324AJ LM324J 2-60 LM349N MC4741CL 2-245
LM325AN MC1468L 3-109 LM358AH LM358H 2-76
LM325H MC1468G 3-109 LM358AN LM358N 2-76
LM325N MC1468L 3-109 LM358JG LM358J 2-76
LM326H MC1468G 3-109 LM363AJ MC3450L 7-83
LM326N MC1468L 3-109 LM363AN MC3450P 7-83
LM328AN MC1468L 3-109 LM363J MC3450L 7-83
LM328H MC1468G 3-109 LM363N MC3450P 7-83
LM328N MC1468L 3-109 LM371H MC1590G 2-150
LM3301N MC3301P 2-198 LM385M-1.2 LM385D-1.2 5-4
LM3302J MC3302L 2-66 LM385M-2.5 LM385D-2.5 54
LM3302N MC3302P 2-66 LM386N MC34119P 9-138
LM3302 MC3302P 2-66 LM3905N MC1455P1 11-5
LM337MP LM337MT 3-82 LM3905 MC1455P1 11-5
LM339P LM339N 2-66 LM3934G LM393N 2-82
LM3401N MC3401P 2-198 LM393M LM393D 2-82
LM340KC-12 LM340T-12 3-50 LM4250CH MC1776CG 2-189
LM340KC-15 LM340T-15 3-50 LM4250CN MC1776CP1 2-189
LM340KC-18 MC7818CK 3-135 LM4250H MC1776G 2-189
LM340KC-24 MC7824CK 3-135 LM55109J MC75S110L 7-173
LM340KC-6.0 MC7806CK 3-135 LM55110J MC75S110L 7-173
LM340KC-8.0 MC7808CK 3-135 LM555CH MC1455G 11-5
LM340LAH-12 MC78L12ACG 3-148 LMS55CN MC1455P1 11-5
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Motorola Motorola Motorola Motorola
Direct Similar Direct Similar
Part Number Repl it pl Page Part Numb pl pl it Page
LM555H MC1455G 11-5 LM7812KC MC7812CK 3-135
LM556CD MC3456L 1-41 LM7815CK MC7815CK 3-135
LM5S6CJ MC3456L n-41 LM7815CT MC7815CT 3-135
LM556CN MC3456P 11-41 LM7815KC MC7815CK 3-135
LM556L MC3456L -4 LM7818KC MC7818CK 3-135
LM703LN MC1350P 9-19
LM709AH MC1709AG o158 LM7824KC MC7824CK 3-135
LM709AN-8 MO1709GP1 2158 LM78LO5ACH MC78LOSACG 3-148
LM709CN MC1703CG 2.158 LM78LOSACZ MC78LOSACP 3-148
LM709H MC1709G 2.158 LM78L0O5CH MC78L05CG 3-148
LM78L05CZ MC78LO5CP 3-148
LM723CD MC1723CJ 3-109
LM723CH MC1723CG 3109 LM78LOBACH MC78LO8ACG 3-148
LM723CJ MC1723CL 3-109 LM78LO8ACZ MC78LOBACP 3-148
LM723CN MC1723CP 3-108 LM78L0O8CH MC78L08CG 3-148
LM723H MC1723G 3-109 LM78L08CZ MC78L0SCP 3-148
LM78L12ACH MC78L12ACG 3-148
LM723J MC1723L 3-109
Li733C0 MC1733CL 2162 LM78L12ACZ MCT78L12ACP 3-148
LM733CH MC1733CG 2-162
IM7330 MO 73301 5162 LM78L12CH MC78L12CG 3-148
LM7330N MO17330P 2162 LM78L12CZ MC78L12CP 3-148
LM78L15ACH MC78L15ACG 3-148
LM733H MC1733G 2162 LM78L15ACZ MC78L15ACP 3-148
LM733J MC1733L 2-162
LM741AH MC1741G 2.170 LM78L15CH MC78L15CG 3-148
LM741CD LM1741CJ 2170 LM78L15CZ MC78L15CP 3-148
LM741CJ-14 LM1741CJ 2470 LM78L18ACZ MC78L18ACP 3-148
LM78L18CZ MC78L18CP 3-148
LM741EH MC1741CG 2-170 LM78L24ACZ MC78L24ACP 3-148
LM741EJ MC1741CU 2-170
LM741EN MC1741CP1 2-170 LM78L24CZ MC78L24CP 3-148
LM747CD MC17470L 2181 LM78MO5CP MC78MO5CT 3-154
LM748CH MC1748CG 2185 LM78M12CP MC78M12CT 3154
LM748GJ MC1748CU 2185 LM78M15CP MC78M15CT 3-154
LM748CN MC1748CP1 2185 LM7905CK MC7905CK 37t
LM748H MC1748G 2-185
LM748J MC1748U 2.185 LM7905CT MC7905CT 3171
LM75107AN MC75107P 7-168 LM7912CK MC7912CK 3171
LM7912CT MC7912CT 3171
LM75108AJ MC75108L 7-168 LM7915CK MC7915CK 3171
LM75108AN MC75108P 7-168 LM7915CT MC7915CT 3171
LM75110J MC75S110L 7-173
LM75110N MC758110P 7-173 LM79L0O5ACZ MC79LO5ACP 3-180
LM75207L MC75107L 7-168 LM79L12ACZ MC79L12ACP 3-180
LM79L15ACZ MC78L15ACP 3-180
tm;gsg;g’ xg;g: ggt ;1 gg LM79MO5CP MC79MO5CT 3-185
LM75208N MG73108P T ies LM79M12CP MC79M12CT 3-185
LM7ROSCK | MCTaOBCK 135 || owrsce werswsct | a6
LM837N MC33079P 2-261
LM7805KC MC7805CK 3-135 MB3759 TL494CN 3-336
LM7806KC MC7806CK 3-135 MC145848 MC1458U 2-133
LM7808KC MC7808CK 3-135 MC1458L MC1458G 2-133
LM7812CK MC7812CK 3135 MC1458P MC1458P1 2-133
LM7812CT MC7812CT 3-135 MC1489N3 MC1489PDS 7-54
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MC1489N MC1489P 7-54 NBT95F MC8T95L 7-37
MC3440AP MC3440AP 7-65 N8T95N MC8T95P 7-37
MC3446J MC3446AP 7-69 N8T96B MC8T96P 7-37
MC3446N MC3446AP 7-69 N8T96F MC8TI6L 7-37
MC3470N MC3470P 7-109 N8T9I6N MC8TI6P 7-37
MC3485J MC3485L 7-134 N8T97B MC8T97P 7-37
MC3485N MC3485P 7-134 N8T97F MC8T97L 7-37
MC3486J MC3486L 7-139 N8T97N MC8T97P 7-37
MC3486N MC3486P 7-139 N8T98B MC8T98P 7-37
MC3487J MC3487L 7-142 NB8TI8F MC8TI8L 7-37
MC3487N /MC3487P 7-142 N8T98N MC8T98P 7-37
MP5531CP MC1404U5 5-12 NES501A MC1733CL 2-162
MP5531DP MC1404U5 5-12 NE501K MC1733CG 2-162
MP5532CP MC1404U10 512 NE531G MC1439G 2-109
MP5532DP MC1404U10 5-12 NES531T MC1439G 2-109
N5556T MC1456G 2-127 NE531V MC1439P 2-109
N5556V MC1456P1 2-127 NE533G MC1776CG 2-189
NS5558F MC1458U 2-133 NES533T MC1776CG 2-189
N5558T MC1458G 2-133 NE533V MC1776CG 2-189
N5558V NC1458P1 2-133 NE537G MC1456G 2-127
N5595A MC1495L 11-26 NE537T MC1456G 2-127
N5595F MC1495L 11-26 NE540L MC1554G 2-123
N5596A MC1496L 8-13 NES50A MC1723CP 3-115
N5596K MC1496G 8-13 NE550L MC1723CG 3-115
N5709A MC1709CP1 2-158 NE555JG MC1455U 11-5
N5709T MC1709CG 2-158 NESS5L MC1455G 11-5
N5709V NC1709CP1 2-158 NE555T MC1455G 11-5
N5723A MC1723CP 3-115 NE5561FE MC34060L 3-188
N5723K MC1733CG 2-162 NE5561N MC34060P 3-188
N5723T MC1723CG 3-115 NES5561 MC3456L 11-41
N5741A MC1741CP1 2-170 OP-01C MC1536 2-101
N5741T MC1741CG 2-170 OP-01G MC1536 2-101
N5741V MC1741CP1 2-170 OP-01H MC1536 2-101
N5747A MC1747CL 2-181 OP-01J MC1536G 2-101
N5747F MC1747CL 2-181 OP-01L MC1536G 2-101
N5748A MC1747CG 2-181 OP-Q1P MC1436P1 2-101
N5748T MC1748CG 2-185 OP-08A MC1776 2-189
N8T15A MC1488L 7-48 OP-08B MC1776 2-189
N8T15F MC1488L 7-48 OP-08C MC1778 2-189
N8T16A MC1489L 7-54 OP-08E MC1776 2-189
N8T26AB MC8T26AP 7-27 OP-08 MC1776 2-189
N8T26AE MC8T26AL 7-27 OP-27BJ OP-27BZ 2-347
NB8T26AJ MC8T26AL 7-27 OP-27CJ OP-27C2 2-347
N8T26AN MC8T26AP 7-27 OP-27FJ OP-27FZ 2-347
N8T26B MC8T26AP 7-27 OP-27GJ OP-27GZ 2-347
N8T26J MC8T26AL 7-27 OP-27GZ OP-27GZ 2-347
N8T26N MC8T26AP 7-27 PWM125AK SG1525AJ 3-304
N8T28B MC8T28P 7-32 PWM125BK SG2525AJ 3-304
N8T37A MC3437P 7-62 PWM125CK SG3525AJ 3-304
N8T358 MC8T95P 7-37 RC1437DP MC1437P 2-105
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RC1437D MC1437L 2-105 REF-01DZ MC1404U10 5-12
RC1458DN MC 1458P1 2-133 REF-02CJ MC1404U5 5-12
RC1458T MC1458G 2-133 REF-02CP MC1404U5 5-12
RC1488DC MC1488L 7-48 REF-02CZ MC1404U5 5-12
RC1489ADC MC1489AL 7-54 REF-02DJ MC1404U5 5-12
RC1489DC MC1489L 7-54 REF-02DP MC1404U5 5-12
RC1556T MC1456CG 2-127 REF-02DZ MC1404U5 5-12
RC1558T MC1558G 2-133 RM1537D MC1537L 2-105
RC3302DB MC3302P 2-66 RM4136D MC3503L 2-208
RC4131DP MC1741SCP1 2-175 RM4136J MC3503L 2-208
RC41317T MC1741SG 2-175 RM4194DC MC1568L 3-109
RC4136DP MC3403P 2-208 RM4195T MC1568G 3-109
RC4136D MC3403L 2-208 RM4558D MC4558U 2-241
RC4136J MC3403L 2-208 RM45584G MC4558U 2-241
RC4136N MC3403P 2-208 RM4558L MC4558G 2-241
RC4194DC MC1468L 3-109 RM4558T MC4558G 2-241
RC4195NB MC1468L 3-109 RM702T MC1733 2-162
RC4195T MC1468G 3-109 RM709T MC1709G 2-158
RC4558DN MC4558CP1 2-241 RM723DC MC1723L 3-115
RC4558JG MC4558CU 2-241 RM723D MC1723L 3-115
RC4558L MC4558CG 2-241 RM723T MC1723G 3-115
RC4558P MC4558CP1 2-241 RM733D MC1733L 2-162
RC4558T MC4558CG 2-241 RM733T MC1733G 2-162
RC702T MC1733C 2-162 RM741DP MC1741P 2-170
RC709DN MC1709CP1 2-158 RM741T MC1741G 2-170
RC709T MC1709CG 2-158 RM747D MC1747L 2-181
RC723DB MC1723CP 3-115 RM747T MC1747G 2-181
RC723DC MC1723CL 3-115 RM748T MC1748G 2-185
RC723D MC1723CL 3-115 RV3301DB MC3301P 2-198
RC723T MC1723CG 3-115 S5556T MC1556G 2-127
RC733D MC1733CL 2-162 S5558E MC1558U 2-133
RC733T MC1733CG 2-162 S$5558T MC1558G 2-133
RC741DN MC1741CP1 2-170 S5596F MC1596L 8-13
RC741T MC1741CG 2-170 S5596K MC1596G 8-13
RC747D MC1747CL 2-181 S§5709G MC1709U 2-158
RC747T MC1747CG 2-181 S5709T MC1709G 2-158
RC748T MC1748CG 2-185 $5723T MC1723G 3-115
RC75107ADP MC75107P 7-168 85733K MC1733G 2-162
RC75107AD MC75107L 7-168 S5741T MC1741G 2-170
RC75108ADP MC75108P 7-168 SAA1027 SAA1042 4-103
RC75108AD MC75108L 7-168 SA555N MC1455BP1 11-5
RC75109DP MC75S110P 7173 SE501K MC1733G 2-162
RC75109D MC75S110L 7-173 SE531G MC1539G 2-109
RC75110DP MC75S5110P 7-173 SES31T MC1539G 2-109
RC75110D MC75S110L 7173 SE533G MC1556G 2-127
REF-01CJ MC1404U10 5-12 SE533T MC1556G 2-127
REF-01CP MC1404U10 5-12 SE537G MC1556G 2-127
REF-01CZ MC1404U10 5-12 SE537T MC1556G 2-127
REF-01DJ MC1404U10 5-12 SE550L MC1723G 3-115
REF-01DP MC1404U10 5-12 SE5561FE MC35060L 3-188

MOTOROLA LINEAR/INTERFACE DEVICES

1417




CROSS REFERENCE —~ CONTINUED

NOTE: All “Motorola Direct Replacement” devices which have part numbers identical to the “Part
Number" being searched for are not included in this Cross Reference table. Please refer to
the Alphanumeric Index on pages 1-1to 1-6.

Motorola Motorola Motorola Motorola
Direct Similar Direct Similar

Part Numb Rep Rep! Page Part Number Replacement Replacement Page
SE592A SE592L 2-342 SG1495D MC1495L 11-26
SE592K SE592G 2-342 SG1495N MC1495L 11-26
SG100T MC1723G 3-115 SG1496D MC1496L 8-13
SG101AD LM101AH 2-45 SG1496N MC1496L 8-13
SG101AT LM101AH 2-45 SG1496T MC1496G 8-13
SG101J LM101AH 2-45 SG1501AD MC1568L 3-109
SG101T LM101AH 2-45 SG1501Ad MC1568L 3-109
SG107J MC1741 2-170 SG1501AT MC1568G 3-109
SG107T MC1741 2-170 SG1501J MC1568L 3-109
SG108AJ LM108AJ 2-49 SG1501T MC1558G 2-133
SG108AT LM108AH 2-49 SG1502D MC1568L 3-109
SG108J LM108J 2-49 SG15024 MC1568L 3-109
SG108T LM108H 2-49 SG1502N MC1568L 3-109
SG109K LM109K 3-16 SG1503T MC1503U 5-8
SG109R LM109K 3-16 SG1503Y MC1503U 5-8
SG109T LM109H 3-16 SG1503 MC1503U 5-8
SG1118AJ LM108AJ 2-49 SG150K LM150K 3-66
SG1118AT LM108AH 2-49 8G1524J TL494MJ 3-336
SG1118J LM108J 2-49 SG1536T MC1536G 2-101
SG1118T LM108H 2-43 SG1556T MC1556G 2-127
SG111D LM111d 2-54 SG1558T MC1558G 2-133
SGINT LM111H 2-54 8G1568J MC1568L 3-109
SG117K M117K 3-21 SG1568T MC1568G 3-109
SG117R LM117K 3-21 SG1595D MC1595L 11-26
SG117T LM117H 3-21 SG1596D MC1596L 8-13
SG118T MC1741SG 2-175 SG1596T MC1596G 8-13
SG1217T MC1741SG 2-175 SG1660D LM301AH 2-45
SG1217 MC1741G 2-170 SG1660J LM308J 2-49
SG123K LM123K 3-37 SG1660M LM308N 2-49
SG124J LM124J 2-60 SG1660T LM308H 2-49
SG1250T MC1776G 2-189 SG1760J LM308J 2-49
SG137K LM137K 3-43 SG1760M LM308N 2-49
SG137R LM137K 3-43 SG1760T LM308H 2-49
SG137T LM137H 3-43 SG200T MC1723G 3-115
SG1402N MC1594L 11-12 SG201AD LM201AH 2-45
SG1402T MC1594L 1-12 SG201AM LM201AN 2-45
SG140K-05 LM140K-5.0 3-50 SG201AN LM201AN 2-45
SG140K-08 LM140K-8.0 3-50 SG201AT LM201AH 2-45
SG140K-12 LM140K-12 3-50 SG201J LM201AH 2-45
SG140K-15 LM140K-15 3-50 SG201M LM201AN 2-45
SG1436CT MC1436CG 2-101 SG201N LM201AN 2-45
5G1436M MC1436U 2-101 SG201T LM201AH 2-45
SG1436T MC1436G 2-101 SG207J MC1741C 2-170
$G1456CT MC1456CG 2-127 SG207M MC1741C 2-170
8G1456T MC1456G 2-127 SG207N MC1741C 2-170
SG1458M MC1458P1 2-133 SG207T MC1741C 2-170
SG1458T MC1458G 2-133 SG208AJ LM208AJ 2-49
SG1468J MC1468L 3-109 SG208AM LM208AJ-8 2-49
SG1468N MC1468L 3-109 SG208AT LM208AH 2-49
SG1468T MC1468G 3-109 SG208J LM208J 2-49
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SG208M LM208J-8 2-49 SG308AJ LM308AJ 2-49
SG208T LM208H 2-49 SG308AM LM308AN 2-49
SG209K LM209K 3-16 SG308AT LM308AH 2-49
SG209R LM209K 3-16 SG308J LM308J 2-49
SG209T LM209H 3-16 SG308M LM308N 2-49
SG2118AJ LM208AJ 2-49 SG308T LM308H 2-49
SG2118AM LM208AJ-8 2-49 SG309K LM309K 3-18
SG2118AT LM208AH 2-49 SG309P LM309K 3-16
S$G2118J LM208J 2-49 SG309R LM309K 3-16
SG2118M LM208J-8 2-49 SG309T LM309H 3-16
SG2118T LM208H 2-49 SG3118AJ LM308AJ 2-49
SG211D LM211J-8 2-54 SG3118AM LM308AN 2-49
SG211M LM211J-8 2-54 SG3118AT LM308AH 2-49
SG211T LM211H 2-54 SG3118J LM308J 2-49
SG217K LM217K 321 SG3118M LM308N 2-49
SG217R LM217K 3-21 SG3118T LM308H 2-49
SG217T LM217H 3-21 SG311D LM311J 2-54
SG2184 MC1741SL 2-175 SG311M LM311N 2-54
SG218M MC1741SL 2-175 SG31T LM311H 2-54
SG218T MC1741SG 2-175 SG317K LM317K 3-21
S$G223K LM223K 3-37 SG317P LM317T 3-21
$G224J LM2244 2-60 SG317R LM317T 3-21
SG224N LM224N 2-60 SG317T LM317H 3-21
SG2250T MC1776G 2-189 SG318J MC1741SCL 2-175
SG237K LM237K 3-43 SG318M MC1741CP1 2-170
SG237R LM237K 343 SG318T MC1741CG 2-170
SG237T LM237H 3-43 SG324J LM3244 2-60
SG2402N MC1494L 11-12 SG324N LM324N 2-60
SG2402T MC1494L 11-12 SG3250T MC1776G 2-189
SG2501AD MC1468L 3-109 SG337K LM337K 3-43
SG2501AT MC1468G 3-109 SG337P LM337T 3-43
SG2501D MC1468L 3-109 SG337R LM337T 3-43
SG2501J MC1468L 3-109 SG337T LM337H 3-43
SG2501N MC1468L 3-109 SG3402N MC1494L 11-12
SG2501T MC1468G 3-109 SG3402T MC1494L 11-12
S$G2502J MC1468L 3-109 SG340K-05 LM340K-5.0 3-50
SG2502N MC1468L 3-109 SG340K-08 LM340K-8.0 3-50
SG2503M MC1403AU 5-8 SG340K-12 LM340K-12 3-50
SG2503T MC1403AU 5-8 SG340K-24 LM340K-24 3-50
SG2503Y TL4941J 3-336 SG3423M MC3423P1 3-121
SG250K LM250K 3-66 SG3423Y MC3423U 3-121
SG300N MC1723CP 3-115 SG3501AD MC1468L 3-109
SG300T MC1723CG 3-115 SG3501AJ MC1468L 3-109
SG301AD LM301AH 2-45 SG3501AN MC1468L 3-109
SG301AM LM301AN 2-45 SG3501AT MC1468G 3-109
SG301AN LM301AN 2-45 SG3501D MC1468L 3-109
SG301AT LM301AH 2-45 SG3501J MC1468L 3-109
SG307J LM307N 2-87 SG3501N MC1468L 3-109
SG307M LM307N 2-87 SG3501T MC1468G 3-109
SG307N LM307N 2-87 SG3502D MC1468L 3-109
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SG3502G MC1468G 3-109 SG748CM MC1748CP1 2-185
SG35024 MC1468L 3-109 SG748CN MC1748CP1 2-185
SG3502N MC1468L 3-109 SG748CT MC1748CG 2-185
SG3503M MC1403U 58 SG748D MC1748G 2-185
SG3503T MC1403U 5-8 SG748T MC1748G 2-185
SG3503Y MC1403U 5-8 SG777CJ LM308AJ 2-49
SG3503 MC1403U 5-8 SG777CM LM308AH 2-49
SG350K LM350K 3-66 SG777CN LM308AN 2-49
SG3523Y MC3523U 3-121 SG777CT LM308AH 2-49
SG3524J TL494CJ 3-336 SG777d LM108AJ 2-49
SG4194CJ MC1468L 3-109 SG777T LM108AH 2-49
SG4194J MC1568L 3-109 SG7805ACK MC7805ACK 3-135
SG4250CM MC1776CP1 2-189 SG7805ACP MC7805ACT 3-135
SG4250CT MC1776CG 2-189 SG7805ACR MC7805ACT 3-135
SG4250T MC1776G 2-189 SG7805ACT MC7805ACT 3-135
SG4501D MC1468L 3-109 SG7805AK MC7805AK 3-135
SG4501J MC1468L 3-109 SG7805AR MC7805AK 3-135
SG4501N MC1468L 3-109 SG7805AT MC7805AK 3-135
SG4501T MC1468G 3-109 SG7805CK MC7805CK 3-135
SG501AJ MC1468G 3-109 SG7805CP MC7805CT 3-135
SG555CM MC1455P1 11-5 SG7805K MC7805K 3-135
SG555CT MC1455G 11-5 SG7805R MC7805K 3-135
SG556CJ MC3456L 11-41 SG7805T MC7805K 3-135
SG556CN MC3456P 11-41 SG7806ACP MC7806ACT 3-135
SG556J MC3456L 11-41 SG7806ACR MC7806ACT 3-135
SG723CD MC1723CL 3-115 SG7806ACT MC7806ACT 3-135
SG723CJ MC1723CL 3-115 SG7806CK MC7806CK 3-135
SG723CN MC1723CP 3-115 SG7806CP MC7806CT 3-135
SG723CT MC1723CG 3-115 SG7806CR MC7806CT 3-135
SG723D MC1723L 3-115 SG7806K MC7806K 3-135
SG723J MC1723L 3-115 SG7806R MC7806K 3-135
SG723T MC1723G 3-115 SG7806T MC7806K 3-135
SG733CD MC1733CL 2-162 SG7808ACP MC7808ACT 3-135
SG733CN MC1733CP 2-162 SG7808ACT MC78MOBACT 3-135
SG733CT MC1733CG 2-162 SG7808CK MC7808CK 3-135
SG733D MC1733L 2-162 SG7808CP MC7808CT 3-135
SG733N MC1733L 2-162 SG7808CR MC7808CT 3-135
SG733T MC1733G 2-162 SG7808CT MC78M18CG 3-154
SG741CM MC1741CP1 2-170 SG7808K MC7808K 3-135
SG741CT MC1741CG 2-170 SG7808R MC7808K 3-135
SG741SCM MC1741SCP1 2-175 SG7808T MC7808K 3-135
SG741SCT MC1741SCG 2-175 SG7812ACK MC7812ACK 3-135
SG741ST MC17418G 2-175 SG7812ACP MC7812ACT 3-135
SG741T MC1741G 2-170 SG7812ACR MC7812ACT 3-135
SG747CJ MC1747CL 2-181 SG7812ACT MC7812ACT 3-135
SG747CN MC1747CP2 2-181 SG7812AK MC7812AK 3-135
SG747CT MC1747CG 2-181 SG7812AR MC7812AK 3-135
SG747J MC1747L 2-181 SG7812AT MC7812AK 3-135
SG747T MC1747G 2-181 SG7812CK MC7812CK 3-135
L SG748CD MC1748CP1 2-185 SG7812CP MC7812CT 3-135
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SG7812CR MC7812CT 3-135 SG7905CT MC7905CT 3171
SG7812CT MC78M12CG 3-154 SG7908CP MC7908CT 3171
SG7812K MC7812K 3-135 SG7908CR MC7908CT 3-171
SG7815ACK MC7815ACK 3-135 SG7908CT MC7908CT 3-174
SG7815ACP MC7815ACT 3-135 SG7912ACK MC7312ACK 3-171
SG7815ACR MC7815ACT 3-135 SG7912ACP MC7912ACT 3-174
SG7815ACT MC7815ACT 3-135 SG7912ACR MC7912ACT 3-171
SG7815AK MC7815AK 3-135 SG7912ACT MC7912ACT 3-171
SG7815AR MC7815AK 3-135 SG7912CK MC7912CK 3-171
SG7815AT MC7815AK 3-135 SG7912CP MC7912CT 3-171
SG7815CK MC7815CK 3-135 SG7912CR MC7912CT 3-171
SG7815CP MC7815CT 3-135 SG7912CT MC7912CT 3-171
SG7815CR MC7815CT 3-135 SG7915ACK MC7915ACK 3-171
SG7815CT MC7815CT 3-135 SG7915ACP MC7915ACT 3171
SG7815K MC7815K 3-135 SG7915ACR MC7915ACT 3171
SG7815R MC7815K 3-135 SG7915ACT MC7915ACT 3171
SG78157 MC7815K 3-135 8G73815CK MC7915CK 3-171
SG7818ACK MC7818ACK 3-135 SG7915CP MC7915CT 3-171
SG7818ACP MC7818ACT 3-135 SG7915CR MC7915CT 3-171
SG7818ACR MC7818ACT 3-135 SG7915CT MC7915CT 3171
SG7818ACT MC7818ACT 3-135 SG7918CP MC7918CT 3-171
SG7818AK MC7818AK 3-135 SH323SKC £M323K 3-37
SG7818AR MC7818AK 3-135 SH8090FM MC1508L8 6-15
SG7818AT MC7818AK 3-135 SN52101AL LM101AH 2-45
SG7818CK MC7818CK 3-135 SN52104L LM101H 2-45
SG7818CP MC7818CT 3-135 SN52107L MC1741 2-170
SG7818CR MC7818CT 3-135 SN52108AL LM108AH 2-49
SG7818CT MC78M18CG 3-154 SN52108L LM108H 2-49
SG7818K MC7818K 3-135 SN52109L LM109H 3-16
SG7818R MC7818K 3-135 SN75107AJ MC75107L 7-168
SG7818T MC7818K 3-135 SN75107AN MC75107P 7-168
SG7824ACP MC7824ACT 3-135 SN75107BJ MC75107L 7-168
SG7824ACR MC7824ACT 3-135 SN75107BN MC75107P 7-168
SG7824ACT MC7824ACT 3-135 SN75108AJ MC75108L 7-168
S5G7824CK MC7824CK 3-135 SN75108AN MC75108P 7-168
SG7824CP MC7824CT 3-135 SN751088J MC75108L 7-168
SG7824CR MC7824CT 3-135 SN75108BN MC75108P 7-168
5G7824K MC7824K 3-135 SN75110AJ MC75S110L 7-173
S8G7824R MC7824K 3-135 SN75110AN MC75S110P 7-173
5G7824T MC7824K 3-135 SN75121J MC3481/5L 7-134
SG7905.2CP MC7905.2CT 3-171 SN75121N MC3481/5P 7-134
5G7905.2CR MC7905.2CT 3-171 SN75122J MC75125L 7-178
8G7905.2CT MC7905.2CT 3-171 SN75122N MC75125P 7-178
SG7905ACK MC7905ACK 3-171 SN75125J MC75125L 7-178
SG7905ACP MC7905ACT 3-171 SN75125N MC3481/5L 7-134
SG7905ACR MC7905ACT 3-171 SN75126J MC3481/5L 7-134
SG7905ACT MC7905ACT 3-171 SN75126N MC3481/5P 7-134
SG7905CK MC73905CK 3-171 SN75127J MC75127L 7-178
SG7905CP MC7905CT 3-171 SN75127N MC75127P 7-178
8G7905CR MC7905CT 3-171 SN75128J MC75128L 7-182
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SN75128N MC75128P 7-182 SSS201AL LM201AH 2-45
SN75129J MC75129L 7-182 SSS201AP LM201AN 2-45
SN75129N MC75129P 7-182 S$SS8207J MC1741C 2-170
SN751504 MC1488L 7-48 S$88207P MC1741C 2-170
SN75150N MC1488P 7-48 SSS301AJ LM301AH 2-45
SN75154J MC1489L 7-54 SSS301AL LM301AH 2-45
SN75154N MC1489P 7-54 SSS301AP LM301AN 2-45
SN75160J MC3447L 7-72 SSS7418J MC1741G 2-170
SN75160N MC3447P/P3 7-72 S§SS741CJ MC1741CG 2-170
SN75188J MC1488L 7-48 S8S8741GJ MC17418G 2-175
SN75188N3 MC1488PDS 7-48 SSS741GP MC1741SG 2-175
SN75188N MC1488P 7-48 8887414 MC1741G 2-170
SN75189AJ4 MC1489ALDS 7-54 SS8S87478P MC1747L 2-181
SN75189AJ MC1489AL 7-54 SSS8747CK MC1747CG 2-181
SN75189AN MC1489AP 7-54 S88747CM MC1747CF 2-181
SN75189J4 MC1489LDS 7-54 SSS747CP MC1747CL 2-181
SN751894 MC1489L 7-54 S88747GK MC1747G 2-181
SN75189N3 MC1489PDS 7-54 SSS747GP MC1747L 2-181
SN75189N MC1489P 7-54 SSS747P MC1747L 2-181
SN75207J MC75107L 7-168 TA7179P MC1468L 3-109
SN75207N MC75107P 7-168 TA7502P MC1709P1 2-158
SN75208J MC75108L 7-168 TA7504P MC1741CP1 2-170
SN75208N MC75108P 7-168 TA7506P LM301AN 2-45
SN75251N MC3471P 7-123 TA75071P MC34001P 2-299
SN75466J MC1411L 7-41 TA75072P MC34002P 2-299
SN75466N MC1411P 7-41 TA75074F MC34004P 2-299
SN75467J MC1412L 7-41 TA75339F LM333D 2-66
SN75467N MC1412P 7-41 TA75339P LM339N 2-66
SN75468J MC1413L 7-41 TA75358CF LM358D 2-76
SN75468N MC1413P 7-41 TA75358CP LM358N 2-76
SN75475JG MC1472U 7-45 TA75393F LM393D 2-82
SN75475P MC1472P1 7-45 TA75393P LM393N 2-82
SN76514L MC1496G 8-13 TA75458F MC1458D 2-133
SN76514N MC1496P 8-13 TA75458P MC1458CP1 2-133
SN76564N MC13010P 9-103 TA75558P MC4558CP1 2-241
SN76565N MC13010P 9-103 TA7555F MC1455D 11-5
SN76591P MC1391P 9-63 TA7555P MC1455P1 11-5
SN76600P MC1350P 9-19 TA75902F LM324D 2-60
SN76665N MC13010P 9-103 TA76494P TL494IN 3-336
SSS101AJ LM101AH 2-45 TA78005AP MC7805CT 3-135
SSS101AL LM101AH 2-45 TA78006AP MC7806CT 3-135
S851074 MC1741 2-170 TA78008AP MC7808CT 3-135
SSS107P MC1741 2-170 TA78012AP MC7812CT 3-135
SSS140BA-6Z MC1408L6 6-15 TA78015AP MC7815CT 3-135
SSS140BA-7Z MC1408L7 6-15 TA78018AP MC7818CT 3-135
SSS140BA-8Z MC1408L8 6-15 TA78024AP MC7824CT 3-135
S8S1458J MC1458G 2-133 TA78LO05AP MC78LOSACP 3-148
SSS150BA-8Z MC1508L8 6-15 TA78LO05P MC78L05CP 3-148
S851558J MC1558G 2-133 TA78L008AP MC78LOBACP 3-148
SS8S201AJ LM201AH 2-45 TA78LO08P MC78L08CP 3-148
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TA78L012AP MC78L12ACP 3-148 TLO22ML LM158H 2-76
TA78L012P MC78L12CP 3-148 TLO44CJ LM324N 2-60
TA78LO15AP MC78L15ACP 3-148 TLO44MJ LM124J 2-60
TA78L015P MC78L15CP 3-148 TLO61BCP MC33181P 2-333
TA78L018AP MC78L18ACP 3-148 TLOB2BCP MC33182P 2-333
TA78LO18P MC78L18CP 3-148 TLO64BCN MC33184N 2-333
TA78LO24AP MC78L24ACP 3-148 TLO72BCD MC33282D 2-296
TA78L024P MC78L24CP 3-148 TLO72BCP MC33282P 2-296
TA78MO5SP MC78MO5CT 3-154 TLO82BCP MC33282P 2-296
TA78MO8P MC78MO08CT 3-154 TLO84BCN MC33284P 2-296
TA78M12P MC78M12CT 3-154 TL497CJ MC34063U 3-212
TA78M18P MC78M18CT 3-154 TL497CN MC34063P1 3-212
TA78M20P MC78M20CT 3-154 TL497MJ MC35063U 3-212
TA78M24P MC78M24CT 3-154 TL7805ACKC MC7805ACT 3-135
TA78MO6P MC78MO6CT 3-154 UC117K LM117K 3-21
TA79005P MC7905CT 3-171 UC137K LM137K 3-43
TA79006P MC7906CT 3-171 UC150K LM150K 3-66
TA79008P MC7908CT 3-171 UC1525AJ SG1525AJ 3-304
TA79012P MC7912CT 3-171 UC1526J4 SG1526J 3-311
TA79015P MC7915CT 3171 UC1527AJ SG1527AJ 3-304
TA79018P MC7918CT 3-171 Uc217K LM217K 3-21
TA79024P MC7924CT 3-171 UC237K LM237K 3-43
TAT9LO05P MC79L05CP 3-180 UC250K LM250K 3-66
TA79L012P MC79L12P 3-180 UC2525AJ SG2525AJ 3-304
TA79L015P MC79L15P 3-180 uca526J SG2526J 3-311
TA79LO18P MC79L18P 3-180 UC2526N SG2526N 3-311
TA79L024P MC79L24P 3-180 UC2527AJ SG2527AJ 3-304
TB920 MC1391P 9-63 UC317K LM317K 3-21
TBA1440 MC13010P 9-103 Uc317T LM317T 3-21
TBA440 MC13010P 9-103 UC337K LM337K 3-43
TBA920S MC1391P 9-63 uc337T LM337T 3-43
TCA5600 TCA5600 3-319 UC350K LM350K 3-66
TCF6000 TCF6000 10-27 UC3525Ad SG3525A 3-304
TD62001P/AP MC1411P 7-41 UC3525AN SG3525AN 3-304
TD62002P/AP MC1412P 7-41 uC3526J SG3526J 3-311
TD62003P/AP MC1413P 7-41 UC3526N SG3526N 3-311
TD62477P MC1472P 7-45 UC3527AJ SG3527AJ 3-304
TD62479P MC1374P 9-32 UC3527AN SG3527AN 3-304
TDA2540 MC13010P 9-103 UC494ACN TL594CN 3-347
TDA2544 MC13010P 9-103 UC494AJ TL594MJ 3-347
TDA3190P TDA3190P 9-166 UC494CN TL494CN 3-336
TDA3301B TDA3301B 9-169 uc494J TL494MJ 3-336
TDA3303 TDA3303 9-169 UDN5712M MC1472P1 7-45
TDA4420 MC13010P 9-103 ULN2001AN MC1411P 7-41
TDA5600 MC13010P 9-103 ULN2002AJ MC1412L 7-41
TDC1048 MC10319 8-39 ULN2002AN MC1412P 7-41
TL022CJG LM358J 2-76 ULN2003AJ4 MC1413LDS 7-41
TLO22CL LM358H 2-76 ULN2003AJ MC1413L 7-41
TLO22CP LM358N 2-76 ULN2003AN3 MC1413PDS 7-41
TLO22MJIG LM158J 2-76 ULN2003AN MC1413P 7-41
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UiNooans | Mester Ty | | waceozoca | MO o
- X MC1508L 6-15
ULN2004AN3 MC1416PDS 7-44 HAQB02DM-1
ULN2004AN MC1416P 7-41 {1A0B02PC-1 MC1408P 615
ULN2139D MC1439G 2-109 UA0802PC-2 MC1408P 6-15
ULN2138G MC1439G 2-109 g MC1408P 6-15
ULN2139H MC1439P2 2-109 HAQBOZPC-3 LM101A 945
ULN2139M MC1439P1 2-109 HA101AD
ULN2151D MC1741CG 2170 HAT01AF LM101AJ 2-45
ULN2151H MC1741CP1 2170 LATO1AH LM101AH 2-45
ULN2151M MC1741CP1 2170
101 -4
ULN2156D MC1456G 2127 HA101D LM101AJ 245
ULN2156G MC1456G 2-127 UAT01F LM101AJ 2-45
ULN2156H MC1456G 2-127 HAT0TH LM101AH 2-45
ULN2156M MC1456G 2-127 LA1O7H MC1741 2170
ULN2157K MC1456G 2127 ”
ULN2264A MC13010P 9-103 HA108AD LM108AJ 2
ULN2741D MC1741CG 2:170 LATOBAF LM108AH 2-49
ULN2747A MC1747CL 2-181 HATOBAH LM108AH 2.49
ULN8126A SG3526N 3-311
UA108D LM108J 2-49
ULN8126R SG3526J 3-311
ULQ8126A SG2526N 3-311 UA108H LM108H 2-49
ULQ8126R SG35264 3-311 LAT09KM LM109K 3-16
ULS2139D MC1539G 2-109
LM117K 3-21
ULS2139G MC1539G 2-109 HATI7KM
UA1391PC MC1391P 9-63
ULS2139H MC1539L 2-109
ULS2139M MC1439P1 2-109 JLA1458CHC MC1458CG 2133
ULS2151D MC1741G 2-170 MC1458CP1 2-133
ULS2151M MC1741CP1 2-170 HA1458CP MO14580U 2133
ULS2156D MC1556G 2127 UA1458CRC :
UA1458CTC MC1458CP1 2-133
ULS2156G MC1556G 2-127
ULS2156H MC1556G 2127 LAT458E MC1458G 2-133
ULS2156M MC1556G 2-127
MC1558G 2:133
ULS2157A MC1558U 2-133 HAT1458HC
ULS2157H MC1558U 2-133 [LA1458P MC1458P1 2133
LA1458RC MC1458U 2-133
ULS2157K MC1558G 2-133
uLS8126R SG15264 3-310 MC1458P1 2133
ULX8161M MC34060P 3-188 HAT458TC )
UPC1373 MC3373P 9-73 UA1558E MC1558G 2-133
UPD6950C MC10319 6-39 UA1558HM MC1558G 2-133
UA201AD LM201AJ 2-45
UVC3101 MC10319 6-39
XR082CP TLOB2CP 2374
XR082M TLOSB2MJG 2374 HA201AF LM201AJ 2:45
XR084CN TLOB4CY 2.374 UA201AH LM201AH 2-45
XR082CN TLO82CJG 2-374 [A201D LM201AJ 2-45
LM201AJ 2-45
XR084GP TLO84CN 2.374 HA201F
XR084M TLOB4MJ 2-374
XR3470A MC3470AP 7-109 HA201H LM201AH 2-45
MA0802DC-1 MC1408L 6-15 UA207H MC1741C 2170
UA0802DC-2 MC1408L 6-15 UA208AD LM208AJ 2-49
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[LA20BAF LM208AH 2-49 LLA484PC TL494CN 3-336
WA208AH LM208AH 2-49 UAB55HC MC1455G 11-5
HA208D LM208J 2-49 UAB55TC MC1455P1 11-5
UA208H LM208H 2-49 LAB56DC MC3456L 11-41
| na209km LM209K 3-16 LLAS56PC MC3456P 11-41
UA217UV LM217K 3-21 HA702DC MC1733C 2-162
UA2240DC MC1455U 11-5 11A702DM MC1733 2-162
WA2240PC MC1455P1 15 UA702FM MC1733 2-162
WA301AD LM301AJ 2-45 LLA702HC MC1733C 2162
LA3D1AH LM301AH 2-45 UA702HM MC1733 2-162
UA301AT LM301AN 2-45 UA702MJ MC1733 2-162
LA3026HM CA3054 9-9 PA702ML MC1733 2-162
LA3045 MC3346P 9-70 LLA709AHM MC1709AG 2-158
UA3046DC MC3346P 9-70 UA709AMIG MC1709AU 2158
UA3054DC CA3054P 9-9 WA709AML MC1709AG 2-158
WLA3064PC MC13010P 9-103 WA709CJG MC1709CU 2-158
HA307T LM307N 2-87 UA709CL MC1709CG 2-158
MA308AD LM308AJ 2-49 LA709CP MC1709CP1 2-158
HA308AH LM308AH 249 HAT09HC MC1709CG 2-158
HA308D LM308J 2.49 LATO9HM MC1709G 2-158
LA308H LM308H 2-49 LLA70OMIG MC1709U 2-158
UA309KM LM309K 3-16 UA709ML MC1709G 2-158
HA311T LM311N 2-54 LLA708TC MC1709CP1 2-158
UA317KC LM317K 3-21 UA715DC MC1741SCU 2-175
MA317UC LM317T 3-21 A715DM MC1741SU 2175
WA3301P MC3301P 2-198 UA715HC MC17418CG 2-175
WA3302P MC3302P 2-66 LAT15HM MC17415G 2175
1A3303P MC3303P 2-208 HA723CF MC1723CL 3-115
UA3401P MC3401P 2-198 UA723CJ MC1723CL 3-115
UA3403D MC3403L 2-208 LA723CL MC1723CG 3-115
UA3403P MC3403P 2-208 UA723CN MC1723CP 3-115
HA4136DC MC47410L 2-245 LA723DC MC1723CL 3-115
1A4136DM MC4741L 2-245 UA723DM MC1723L 3-115
LA4136PC MC4741CP 2-245 LAT23F MC1723L 3115
UA431AWC TL431CP 5-17 LLAT23HC MC1723CG 3-115
UA4558HC MC4558CG 2-241 UAT723HM MC1723G 3-115
UA4558HM MC4558G 2-241 UA723MJ MC1723L 3-115
UA4558TC MC4558CP1 2-241 HA723ML MC1723G 3115
UA494DC TL494CJ 3-336 LA723PC MC1723CP 3-115
UA494DM TLA9AMJ 3-336 HA725AHM LM108AH 2-49
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UA725EHC LM308AH 2-49 WA747TMJ MC1747L 2-181
UA725HC LM308AH 2-49 UA747ML MC1747G 2-181
UA725HM LM108AH 2-49 UA747PC MC1747CP2 2-181
HA733CJ MC1733CL 2-162 UA748AHM MC1748G 2-185
UA733CL MC1733CG 2-162 UA748CJG MC1748CU 2-185
HA733CN MC1733CP 2-162 UA748CL MC1748CG 2-185
MA733DC MC1733CL 2-162 UA748CP MC1748CP1 2-185
HA733DM MC1733L 2-162 UA748HC MC1748CG 2-185
UA733FM MC1733F 2-162 MA748HM MC1748G 2-185
HA733HC MC1733CG 2-162 UAT748MIG MC1748U 2-185
UA733HM MC1733G 2-162 UA748ML MC1748G 2-185
HA733MJ MC1733L 2-162 UA748TC MC1748CP1 2-185
UA733ML MC1733G 2-162 UA757DC MC1350P 9-19
MA734DC LM311J 2-54 UA757DM MC1350P 9-19
UA734DM LM311J 2-54 HAT772 MC17418 2-175
WA734HC LM311H 2-54 HA775DC LM338J 2-66
UA734HM LM311H 2-54 HA775DM LM3384 2-66
UA740HC LF355H 2-17 UAT775PC LM33SN 2-66
UA741ADM MC1741L 2-170 UA776DC MC1776CG 2-189
UAT741AHM MC1741G 2-170 UA776DM MC1776G 2-189
HA741CJG MC1741CU 2-170 HA776HC MC1776CG 2-189
UA741CL MC1741CG 2-170 UA776HM MC1776G 2-189
LA741CP MC1741CP1 2-170 HA776TC MC1776CP1 2-189
UAT741EHC MC1741G 2-170 UA777CJG LM308AJ-8 2-49
HA741HM MC1741G 2-170 UAT777CJ LM308AJ-8 2-49
UA741IMIG MC1741U 2-170 UA777CL LM308AH 2-49
MA741ML MC1741G 2-170 UA777CN LM308AN 2-49
UA741RC MC1741CU 2-170 UA777CP LM308AN 2-49
UA741RM MC1741U 2-170 WA777DC LM308AJ-8 2-49
WA742DC CA3059 4-9 UA77THC LM308AH 2-49
UA747ADM MC1747L 2-181 UA777MIG LM108AJ-8 2-49
UA747AHM MC1747G 2-181 WA777MJ LM108AJ-8 2-49
UAT747CL MC1747CG 2-181 UA777ML LM108AH 2-49
UA747CN MC1747CP2 2-181 UA777TC LM308AN 2-49
LA747DC MG1747CL 2181 LA7805CKC MC7805CT 3-135
UA747DM MC1747L 2-181 WA7805KC MC7805CK 3-135
WA747EDC MC1747CL 2-181 WA7805KM MC7805K 3-135
UA747EHC MC1747CG 2-181 HA7805UC MC7805CT 3-135
HAT747HC MC1747CG 2-181 UA7805UV MC78058T 3-135
UA747HM MCt747G 2-181 LLA7806CKC MC7808CT 3-135
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HAT780BKC MC7808CK 3135 LLA78LOSCLP MC78LOSCP 3148
UAT7806KM MC7806K 3-135 LLA78LOSHC MC78L05CG 3-148
UA7806UC MC7806CT 3-135 LA78LOSWC MC78LOSCP 3-148
UA7806UV MC7806BT 3-135 UA78LOBACIG MC78LOBACG 3-148
HA7808CKC MC7808CT 3-135 UA7BLOBACLP MC78LOBACP 3-148
HA7808KC MC7808K 3-135 LA78LOBAWC MC78LO8BACP 3-148
HA7808KM MC7808K 3-135 HA78LOBCJG MC78L09CG 3-148
UA7808UC MC7808CT 3-135 UA78LO8CLP MC78L08CP 3-148
HA7808UV MC7808BT 3-135 HA78L12ACJG MC78L12ACG 3-148
UA7812CKC MC7812CT 3-135 UA78L12ACLP MC78L12ACP 3-148
HA7812KC MC7812CK 3-135 UA78L12AHC MC78L12ACG 3-148
UA7812KM MC7812K 3-135 UA7BLI2AWC MC78L12ACP 3-148
LIA7812UC MC7812CT 3-135 HA78L12CJG MC78L12CG 3-148
LAT8120V MC7812BT 3-135 LA78L12CLP MC78L12CP 3-148
UA7815CKC MC7815CT 3-135 UA78L12HC MC78L12CG 3-148
UA7815KC MC7815CK 3-135 HA78L12WC MC78L12CP 3-148
UA7815KM MC7815K 3-135 UA78L15ACJG MC78L15ACG 3-148
WA7815UC MC7815CT 3-135 UA78L15ACLP MC78L15ACP 3-148
HA78150V MC7815BT 3-135 PATSL15AHC MC78L15ACG 3-148
MA7818CKC MC7818CT 3-135 HATBLISAWG MC78L15ACP 3-148
UA7818KC MC7818CK 3-135 HA78L15CJG MC78L15CG 3-148
HA7818KM MC7818K 3-135 HA7BL15CLP MC78L15CP 3-148
UA7818UC MC7818CT 3-135 UA78L15HC MC78L15CG 3-148
HA7818UV MC7818BT 3-135 HA78L15WC MC78L15CP 3-148
UAT7824CKC MC7824CT 3-135 MATBLIBAWC MC78L18ACP 3-148
HAT7824KG MC7824CK 3-135 HAT8L24AHC MC78L24ACG 3-148
UA7824KM MC7824K 3-135 HA78L24AWC MC78L24ACP 3-148
HA7824UC MC7824CT 3-135 LA78MOSCKC | MC78MOSCT 3-154
UAT7824UV MC7824BT 3-135 LLA78MO5CKD MC78M05CT 3-154
UA78GHM LM117K 3-21 UA78MO5CLA MC78M0O5CG 3-154
UA78GKC LM117K 321 UA78MOSHC MC78MOSCG 3-154
UA78GKM LM117K 3-21 LLA78MO5HM MC78M05CG 3-154
UA78GUIC LM317T 3-21 HA78MOSUC MC78M05CT 3-154
UA78GUC LM317T 3-21 HA78MOBCKC MC78M06CT 3-154
UA78HO5KC MC7805CK 3-135 LA78MOBCKD MC78M06CT 3-154
HA78LOSACIG MC78LO5ACG 3-148 LLA78MOBUC MC78MO6CT 3-154
WA78LOSACLP MC78LOSACP 3-148 LLA78MOBCKC MC78MO8CT 3-154
HAT8LOSAHC MC78LOSACG 3-148 LA78MOSCKD MC78M08CT 3-154
HA78LOSAWC MC78LO5ACP 3-148 MA78MOBCLA MC78M08CG 3-154
WA78LO5CIG MC78L05CG 3-148 HA78MOBHC MC78M08CG 3-154
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CROSS REFERENCE — CONTINUED

NOTE: All “Motorola Direct Replacement” devices which have part numbers identical to the “Part
Number" being searched for are not included in this Cross Reference lable. Please refer to
the Alphanumeric index on pages 1-1to 1-6.

Motorola Motorola Motorola Motorola
Direct Similar Direct Simitar

Part Numb Repl Repl Page Part Number Repl Repl it Page
MA78MO8HM MC78M08CG 3-154 UA7915KC MC7915CK 3-171
HA78M08UC MC78M08CT 3-154 UA7915KM MC7915CK 3-171
WA78M12CKC MC78M12CT 3-154 HA79150UC MC7915CT 3171
HA78M12CKD MC78M12CT 3-154 LA7918CKC MC7918CT 3171
WA78M12CLA MC78M12CG 3-154 UA7918UC MC7918CT 3-171
UA78M12HC MC78M12CG 3-154 UA7924CKC MC7924CT 3-171
HA78M12HM MC78M12CG 3-154 LA7924UC MC7924CT 3-171
LA78M12UC MC78M12CT 3-154 UA796DC MC1496L 8-13
UA78M15CKC MC78M15CT 3-154 LA796DM MC1596L 8-13
HA78M15CKD MC78M15CT 3-154 UA796HC MC1496G 8-13
MA78M15CLA MC78M15CT 3-154 WA796HM MC1596G 8-13
HA78M15HC MC78M15CG 3-154 WA798HC MC3458G 2-230
LA78M15HM MC78M15CG 3-154 LLA798HM MC3558G 2230
UA78M15UC MC78M15CT 3-154 HA798RC MC3458U 2-230
UA78M18HC MC78M18CG 3-154 WA798RM MC3558U 2-230
HA78M18HM MC78M18CG 3154 LATSETC MC3458P1 2230
HA78M18UG MC78M18CT 3-154 WA799HC MC1741G 2-170
UA78M20CKC MC78M20CT 3-154 UAT799HM MC1741G 2170
HA78M20CKD MC78M20CT 3-154 UA7ILOSAWC MC79L05ACP 3-180
HA78M20UG MC78M20CT 3-154 UA79LOSHC MC79L05CG 3-180
UA78M24CKC MC78M24CT 3-154 UA79LOSWC MC79L05CP 3-180
HA78M24CKD MC78M24CT 3-154 HATSL12AHC MC79L12ACG 3-180
HA78M24UC MC78M24CT 3-154 HA79L12AWC MC79L12ACP 3-180
UA78MGT2C LM317T 3-21 MA79L12HC MC79L12CG 3-180
HATEMGUIC LM317T 3-21 HA78LI12WC MG79L12CP 3-180
HA78MGUC LM317MT 3-74 UA79L15AHC MC79L15ACG 3-180
UAT7905.2CKC MC7905.2CT 3-171 LA7SL1SAWC MC79L15ACP 3-180
UAT7905CKC MC7905CT 3171 UAT7OL15HC MC79L15CG 3-180
UA7905KC MC7905CK 3-171 HA79L15WC MC79L15CP 3-180
MA7905KM MC7905CK 3-171 HA79MOSAUC MC79MO5CT 3-185
MA7905UC MC7905CT 3-171 HA79MO5CKC MC79MO5CT 3-185
UA7906CKC MC7906CT 3-171 UHA79IMOBAUC MC7906CT 3-171
UA7906UC MC7906CT 3171 MA79MOBCKC MC7906CT 3-171
MA7908CKC MC7908CT 3-171 HA79MOBUC MC7906CT 3-171
UA7908KC MC7908CT 3171 UA79MOBAUC MC7908CT 3171
HA7912CKC MC7912CT 317 MA79MOBCKC MC7908CT 3171
UA7912KC MC7912CK 3-171 UA79MOBUC MC7908CT 3-171
UHA7912KM MC7912CK 3-171 UA79M12AUC MC79M12CT 3-185
HA7512UC MC7912CT 317 HA7SMI2CKC | MC79M12CT 3185
UA7915CKC MC7915CT 3171 UA7IM18AUC MC7918CT 3171

MOTOROLA LINEAR/INTERFACE DEVICES

1-28




CROSS REFERENCE ~ CONTINUED

Motorola Motorola Motorola Motorola
Direct Similar Direct Similar
Part Number Repl 3 Rept Page Part Number Replacement Replacement Page
UA79M18UC MC7918CT 3171 UA79M24CKC MC7924CT 3-171
UA79M24AUC MC7924CT 3-171 UA79M24UC MC7924CT 3-171
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Amplifiers
and Comparators

Selector Guide

Operational Amplifiers ......... .. 2-2
High Frequency Amplifiers ....... 2-8
In Brief. .. Miscellaneous Amplifiers......... 29

Comparators..................... 2-10
For over two decades, Motorola has continually
refined and updated integrated circuit technologies,

analog circuit design techniques and processes in Alphanumenc Lls“ng """""" 21
response to the ever-expanding needs of the market . .

place. The enhanced performance of present day oper- Related Application Notes.......... 2-14
ational amplifiers and comparators have come into

being through innovative application of these technoi- DataSheets .........covuvun.. ver.. 2415

ogies, designs and processes. Some early designs,
though of inferior performance by today’s standards,
are still available but are rapidly giving way to the new,
higher performance operational amplifier and compar-
ator circuits. Motorola has pioneered in JFET inputs,
low temperature coefficient input stages, Milier loop
compensation, all NPN output stages, dual-doublet fre-
quency compensation and analog “in-the-package”
trimming of resistors to produce superior high perfor-
mance operational amplifiers and comparators, oper-
ating in many cases from a single supply, with low input
offset, low noise, low power, high output swing, high
slew rate and high gain-bandwidth product at reason-
able cost to the customer.

Present day operational amplifiers and comparators
find application in all segments of society to include
motar controls, instrumentation, aerospace, automo-
tive, telecommunication, medical and consumer
products.




Amplifiers and
Comparators

Operational Amplifiers

Motorola offers a broad line of bipolar operational
amplifiers to meet a wide range of applications. From
low-cost industry-standard types to high precision cir-
cuits, the span encompasses a large range of perfor-
mance capabilities. These linear integrated circuits are
available as single, dual, and quad monolithic devices

Single Operational Amplifiers

in a variety of temperature ranges and package styles.
Most devices may be obtained in unencapsulated
“chip” form as well. For price and delivery information
on chips, please contact your Motorola Sales Repre-

sentative or Distributor.

BW SR Supply
B | Vio [TCvio| N0 |Avol| (Ay=1 | (Ay=1}| Voltage
uA mV | uV/iC nA |V/mV] MHz Vips v Package
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix
Noncompensated
Commercial Temperature Range (0°C to +70°C}
LM301A 0.25 7.5 10 50 25 1.0 0.5 +3.0] =18 General Purpose H, N/626, J/693
LM308 7.0 7.5 15 1.0 25 1.0 0.3 +3.0] =18 Precision H, N/626
LM308A 7.0 05 5.0 1.0 80 1.0 03 +3.0( =18 Precision H, N/626
MC1439 1.0 7.5 15 100 15 2.0 4.2 +6.0] =18 High Slew Rate G/601, P1
MC1709C 15 75 15 500 15 1.0 03 *3.0| =18 General Purpose G/601, P1, U
MC1748C 05 6.0 15 200 20 1.0 0.5 +3.0| =18 General Purpose G/601, P1, U
Industrial Temperature Range {—25°C to +85°C)
LM201A 0.075 | 2.0 10 10 50 1.0 0.5 +3.0) x22 General Purpose H, N/626, J/693
LM208 0.002 [ 2.0 3.0 0.2 50 1.0 0.3 +3.0} 20 Precision H, N/626, J/632, J-8
LM208A 0.002 | 0.5 1.0 0.2 80 1.0 03 +3.0| *20 Precision H, N/626, J/632, J-8
Military Temperature Range {—55°C to +125°C)
LM101A 0.075 [ 2.0 10 10 50 1.0 0.5 +3.0] 22 General Purpose H, J/693
LM108 0.002 | 2.0 3.0 0.2 50 1.0 0.3 *3.0) =20 Precision H, J, J-8/693
LM108A 0.002 | 05 1.0 0.2 80 1.0 0.3 +3.0( =20 Precision H, J, J-8/693
MC1539 0.5 3.0 15 60 50 2.0 42 +4.0] =18 High Slew Rate G/601
MC1709 0.5 5.0 15 200 25 1.0 0.3 *3.0( x18 General Purpose G/601, U
MC1709A 0.6 3.0 5.0 100 25 1.0 0.5 +3.0] =18 High Performance G/601
MC1709

MC1748 0.5 5.0 15 200 50 1.0 0.5 *3.0| =22 General Purpose G/601, U
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BW SR Supply
g Vio [TCvio | Lo | Avoi | (Ay=1) | (Ay=1)} Voltage
pA mV | uV/iC nA |V/imV| MHz Vips v Package
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix
Internally Compensated
Commercial Temperature Range (0°C to +70°C)
LF351 200 pA| 10 10 100 pA| 25 4.0 13 +50( =18 JFET Input N/626
LF355 200 pA| 10 5.0 50 pA | 50 1.0 5.0 +50| £18 JFET Input H/601, J/693
LF3558 100 pA| 5.0 5.0 20pA | 50 25 5.0 *+50) £22 JFET Input H/601, J/693
LF356 200 pA| 10 5.0 50 pA | 50 2.0 15 +50| =18 JFET input H/601, J/693
LF356B 100 pA| 5.0 5.0 20 pA | 50 5.0 12 *+50| *22 JFET Input H/601, J/693
LF357 200 pA} 10 5.0 50 pA | 50 3.0 75 +5.0| £18 | Wideband FET input H/601, J/693
LF3578B 100 pA| 5.0 5.0 20pA | 50 20 50 +50f +22 JFET Input H/601, J/693
LF441C 100 pA| 5.0 10 50pA | 25 20 6.0 +5.0| =18 | Low Power JFET Input N/626
LM11C 100 pA| 0.6 2.0 10 pA | 250 1.0 0.3 *+3.0( =20 Precision H, N/626, J/632,
J-8/693
LM11CL 200 pA| 5.0 3.0 25 pA | 50 1.0 0.3 +3.0( *20 Precision H, N/626, /632,
J-8/693
LM307 0.25 7.5 10 50 25 1.0 0.5 +3.0| =18 General Purpose N/626
MC1436 0.04 10 12 10 70 1.0 2.0 +15 ) =34 High Voitage G/601, U
MC1456 0.03 10 12 10 70 1.0 25 +3.0( =18 High Performance G/601, P1, U
MC1733C 30 — — 50uA| 80 20 _ +4.0( =80 Differential Wideband G/601, L, P/646
Video Amp
MC1741C 0.5 6.0 15 200 20 1.0 05 +3.0( =18 General Purpose G/601, P1, U
MC1741SC 05 6.0 15 200 20 1.0 10 *3.0| =18 High Slew Rate G/601, P1
MC1776C 0.003 | 6.0 15 3.0 100 1.0 0.2 +1.2| =18 | uPower, Programmable G/601, P1, U
MC3476 0.05 6.0 15 25 50 1.0 0.2 +15| =18 Low Cost G/601, P1, U
nPower, Programmable
MC34001 200 pA| 10 10 100 pA] 25 4.0 13 +50| =18 JFET Input G/601, P/626, U
MC34001B | 200 pA| 5.0 10 100 pA| 50 4.0 13 +5.0[ =18 JFET Input G/601, P/626, U
MC34071 0.5 5.0 10 75 25 45 10 +3.0) +44 High Performance, P/626, U
MC34071A |500 nA| 3.0 10 50 50 4.5 10 +3.0( +44 Single Supply P/626, U
MC34080 |200 pA| 1.0 10 |100 pA| 25 16 55 +50| +22 Decompensated P/626, U
MC34080A | 200 pA| 0.5 10 100 pA| 50 16 55 +5.0| £22 MC34081 for A =2 P/626, U
MC34081 [200 pA{ 1.0 10 {100 pA| 25 8.0 30 =50 =22 | High Speed, JFET Input P/626, U
MC34081A | 200 pA| 0.5 10 100 pA| 50 8.0 30 +5,0| =22 | High Speed, JFET Input P/626, U
MC34181 0.1nA| 2.0 10 0.05 25 4.0 10 +25] =18 | Low Power JFET Input P/626
OP-27F 0.055 | 0.06 03 50 1000 8.0 2.8 *4,0| =22 | Low Noise, Precision P/626
0OP-27G 0.08 | 0.1 0.4 75 700 8.0 2.8 +4.0| =22 | Low Noise, Precision P/626
TLO61AC 200 pA| 6.0 10 [100pA| 4.0 2.0 6.0 +25| =18 | Low Power JFET Input P/626
TLO61C 200 pA| 15 10 1200 pA| 4.0 2.0 6.0 +25| £18 | Low Power JFET Input P/626
TLO71AC 200 pA}| 6.0 10 50 pA | 50 4.0 13 +50| =18 | Low Noise, JFET Input P/626, JG
TLO71C 200 pA| 10 10 50pA | 25 4.0 13 +5.0( +18 | Low Noise, JFET Input P/626, JG
TLO81AC 200 pA| 6.0 10 100 pA| 50 4.0 13 +50| £18 JFET Input P/626, JG
TLOB1C 400 pA| 15 10 |200 pA] 25 4.0 13 +50| £18 JFET Input P/626, JG
Industrial Temperature Range {—25°C to +85°C)
OP-27F 0.055 | 0.06 0.3 50 1000 8.0 2.8 +4.0| 222 | Low Noise, Precision V4
OP-27G 0.08 0.1 0.4 75 700 8.0 28 *4.0| 22| Low Noise, Precision zZ
Automotive Temperature Range (—40°C to +85°C)
MC33071 0.5 5.0 10 75 25 4.5 10 +3.0] +44 High Performance, P/626, U
MC33071A |500 nA} 3.0 10 50 50 45 10 +3.0) +44 Singte Supply P/626, U
MC33171 0.1 45 10 20 50 1.8 21 +3.0( +44 Low Power, Single P/626
Supply
MC33181 (0.1 nA} 2.0 10 0.05 25 40 10 +25| =18 | Low Power JFET Input P/626
TLOB1V 200 pA} 6.0 10 (100 pA| 4.0 2.0 6.0 +25) =18 | Low Power JFET Input P/626
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OPERATIONAL AMPLIFIERS (continued)

BW SR Supply
B | Vio |TCvio] ho |Avol| (Ay=1) | (Ay=1) | Voitage
pA mV | uV/r°c nA (V/mV| MHz Vius v Package
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix
Internally Compensated
i Military Temperature Range {—55°C to +125°C)
MC1536 002 [ 50 | 10 3.0 100 1.0 2.0 =15 | =40 High Voltage G/601, U
MC1556 0.015 | 4.0 10 2.0 100 1.0 25 *3.0] ®22 High Performance G/601, 693/U
MC1733 0.2 — — 3.0 uA| 90 20 — +4.0| =8.0 | Differential Wideband G/603, L
Video Amp
MC1741 0.5 5.0 15 200 50 1.0 0.5 +3.0) =22 General Purpose G/601, U
MC17418 0.5 5.0 15 200 50 1.0 10 *3.0] =22 High Slew Rate G/601, U
MC1776 0.0075| 5.0 15 3.0 200 1.0 0.2 *1.2| =18 | uPower, Programmable G/601, L
MC35001 100 pA| 10 10 100 pA| 25 4.0 13 +60| 222 JFET Input G/601, U
MC35001B 100 pA| 5.0 10 50 pA | 50 40 13 +5.0) x22 JFET Input G/601, U
MC35071 0.5 5.0 10 75 25 45 10 +3.0| +44 High Performance, U
MC35071A {500 nA| 3.0 10 50 50 45 10 +3.0| +44 Single Supply V)
MC35080 |200 pA| 1.0 10 100 pA| 25 16 55 +5.0 222 Decompensated U
MC35080A |200 pA| 0.5 10 100 pA| 50 16 55 +50| x22 MC35081 for A,=2 U
MC35081 200 pA}| 1.0 10 100 pA| 25 8.0 30 +56.0| =22 | High Speed, JFET Input U
MC35081A (200 pA| 0.5 10 100 pA| 50 8.0 30 +5.0| =22 | High Speed, JFET Input U
MC35171 0.1 4.5 10 20 50 1.8 2.1 +3.0| +44 Low Power, Single u
Supply
MC35181 0.1nA| 20 10 0.05 25 4.0 10 +25| =18 | Low Power JFET Input U
0oP-278 0.055 | 0.06 0.3 50 1000 8.0 2.8 *4.0| +22 | Low Noise, Precision z
0opP-27C 0.08 0.1 0.4 75 700 8.0 28 *4.0| £22 | Low Noise, Precision z
TLO6TM 200 pA} 6.0 10 | 100 pA} 4.0 2.0 6.0 +25| =18 | Low Power JFET Input JG
TLO8TM 200 pA| 9.0 10 100 pA| 25 4.0 13 50| =18 JFET Input JG
Dual Operational Amplifiers
BW SR Supply
B | Vio |TCvio| 1O |Avol| (Ay=1) | (Ay=1) | Voltage
pA mV | pV/C nA |VimV| MHz Vius \ Package
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix
Noncompensated
Commercial Temperature Range {0°C to +70°C)
[mcias7 [ 15 [75] 10 [ 500 [ 15 [ 10 | 025 [=30]=18] DuaiMcizos | L Peas |

Military Temperature Range (—55°C to +125°C)

[mc1537 [ o5 [50] 10 [ 200 [ 25 [ 10 | 025 |=30]=18]  DualMci7os | L ]

Internally Compensated
Commercial Temperature Range (0°C to +70°C)

LF353 200 pA| 10 10 100 pA| 25 4.0 13 +5.0! 18 JFET Input N/626
LF442C 100 pA| 5.0 10 50 pA | 25 2.0 6.0 +5.0( =18 | Low Power JFET Input N/626
LM358 0.25 6.0 7.0 50 25 1.0 06 +16) £18 Single Supply H, N/626, J/693
+3.0| +36 (Low Power
Consumption)
LM833 1.0 5.0 2.0 200 31.6 15 7.0 +2.5| +18 | Dual, Low Noise, Audio N/626
MC1458 0.5 6.0 10 200 20 1.1 0.8 +3.0( =18 Dual MC1741 G/601,P1, U
MC1458C 0.7 10 10 300 20 1.1 0.8 +3.0| =18 | Dual General Purpose G/601, P1
MC1458S 0.5 6.0 10 200 20 1.0 10 *3.0f =18 High Slew Rate G/601, P1, U
MC1747C 0.5 6.0 10 200 25 1.0 0.5 +=3.0/| =18 Dual MC1741 G/603, L, P2
MC3458 0.5 10 7.0 50 20 1.0 0.6 +1.5} *18 Split Supplies G/601, P1, U
+3.0| +36 Single Supply
{Low Crossover
Distortion)
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OPERATIONAL AMPLIFIERS (continued)

BW SR Supply
g [ Vio [TCvio| 4O |Avol| (Ay=1) | (Ay=1) | Voltage
pA mV | uV/°C nA [V/imV| MHz Vips \ Package
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix
Commercial Temperature Range (0°C to +70°C) (continued)
MC4558AC | 0.5 5.0 10 200 50 28 16 +3.0| 22 High Frequency P1
MC4558C 05 6.0 10 200 20 2.8 1.6 +3.0) =18 High Frequency G/601, P1, U
MC34002 100 pA| 10 10 100 pA| 25 4.0 13 +5.0| =18 JFET Input G/601, P/626, U
MC34002B | 100 pA{ 5.0 10 70pA | 25 4.0 13 +50) =18 JFET input G/601, P/626, U
MC34072 0.5 5.0 10 75 25 4.5 10 +3.0] +44 High Performance, P/626, U
MC34072A |500 nA| 3.0 10 50 50 45 10 +3.0| +44 Single Supply P/626, U
MC34082 {200 pA| 3.0 10 {100 pA} 25 8.0 30 +5.0| =22 | High Speed, JFET Input P/626, U
MC34082A |200 pA| 1.0 10 100 pA| 50 8.0 30 +5.0 | =22 | High Speed, JFET Input P/626, U
MC34083 |200 pA| 3.0 10 100 pA| 25 16 55 +5.0( +22 Decompensated P/626, U
MC34083A (200 pA| 1.0 10 100 pA] 50 16 55 +50| 22 MC34082 for Ay=2 P/626, U
MC34182 0.1nA| 3.0 10 0.05 25 4.0 10 +2.5| =18 | Low Power JFET Input P/626
TLO62AC | 200 pA| 6.0 10 {100 pA| 4.0 2.0 6.0 +25 =18 | Low Power JFET Input P/626
TLO62C 200 pA| 15 10 |200 pA| 4.0 2.0 6.0 +*25| £18 | Low Power JFET Input P/626
TLO72AC 200 pA| 6.0 10 50 pA | 50 4.0 13 +5.0y =18 | Low Noise, JFET Input P/626, JG/693
TLO72C 200 pA| 10 10 50 pA | 25 4.0 13 +5.0] 18 | Low Noise, JFET Input P/626, JG/693
TLOB2AC |200 pA| 6.0 10 {100 pA| 50 4.0 13 +5.0| 18 JFET Input P/626, JG/693
lLOBZC L400 pA| 15 10 {200 pA[ 25 4.0 13 +50{( =18 JFET Input P/626, JG/693

Industrial Temperature Range (—25°C to +85°C)

LM258 0.15 5.0 10 30 50 1.0 0.6 +151 =18 Split or Single H, N/626, J/693
+3.0( =36 Supply Op Amp

Automotive Temperature Range (—40°C to +85°C)

LM2904 0.25 7.0 7.0 50 100 1.0 0.6 +1.5| =13 Split or Single H. N/626, J/693

typ +3.0| =26 Supply Op Amp

MC3358 5.0 8.0 10 7 20 1.0 0.6 +15} %18 Split Supplies P1/626
+3.0] 36 Single Supply

MC33072 0.50 5.0 10 75 25 45 10 +3.0( +44 High Performance, P/626, U

MC33072A |500 nA| 3.0 10 50 50 45 10 +3.0| +44 Single Supply P/626, U

MC33077 1.0 1.0 2.0 180 150 37 11 +25| =18 Dual, Low Noise P/626

MC33078 |[750 nA| 2.0 2.0 150 31.6 16 7.0 +*50 +18 Low Noise N/626

MC33172 0.10 45 10 20 50 1.8 2.1 +3.0| +44 Low Power, Single P/626

Supply

MC33182 [0.1nA| 30 | 10 | 005 | 25 4.0 10 ¢%357] =18 | Low Power JFET input P/626

MC33282 | 100 pA|200xV| 50 |50pA | 50 30 12 +25| +18 | Low Input Offset JFET P/646

TLOB2V 200 pA| 6.0 10 100 pA| 4.0 20 6.0 +25 18 | Low Power JFET Input P/626

Military Temperature Range { —55°C to +125°C)

LM158 0.15 | 5.0 10 30 50 1.0 0.6 +15| £18 Split Supplies H, J/693 W

+3.0| +36 Single Supply

(Low Power
Consumption)

MC1558 0.5 5.0 10 200 50 1.1 0.8 *3.0( *22 Dual MC1741 G/601, U
MC1558S 0.5 5.0 10 200 50 1.0 10 +3.0| 22 High Slew Rate G/601, U
MC1747 0.5 5.0 10 200 50 1.0 0.5 +3.0) =22 Dual MC1741 G/601, L
MC3558 0.5 5.0 10 50 50 1.0 0.6 =15 £18 Split Supplies G/601, U

+3.0| +36 Single Supply
MC4558 0.5 5.0 10 200 50 28 1.6 +3.0] x22 High Frequency G/601, U
MC35002 100 pA| 10 10 100 pA} 25 4.0 13 +5.0] £22 JFET Input G601, U
MC35002B | 100 pA| 5.0 10 50 pA | 50 4.0 13 *5.0) =22 JFET Input G/601, U
MC35072 0.5 5.0 10 75 25 45 10 +3.0] +44 High Performance, u
MC35072A |500 nA| 3.0 10 50 50 a5 10 +3.0] +44 Single Supply U
MC35082 200 pA| 3.0 10 100 pA| 25 8.0 30 +5.0| =22 | High Speed, JFET Input V]
MC35082A | 200 pA| 1.0 10 100 pA| 50 8.0 30 +5.0| =22 | High Speed, JFET Input U
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OPERATIONAL AMPLIFIERS (continued)

BW SR Supply
B Vio | TCvio| ho [ Avol | (Ay=1) | (Ay=1) | Volitage
HA mV | uVre nA |V/imV| MHz Vips v Package
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix
Military Temperature Range (—55°C to +125°C)
MC35083 (200 pA| 3.0 10 (100 pA| 25 16 55 +50( £22 Decompensated U
MC35083A | 200 pA| 1.0 10 100 pA| 50 16 55 +50] £22 MC35082 for Ay=2 U
MC35172 0.1 45 10 20 50 1.8 21 +3.0) +44 Low Power, Single u
Supply
MC35182 0.1 nA| 3.0 10 0.05 25 4.0 10 +25) =18 | Low Power JFET Input V]
TLO62M 200 pA| 6.0 10 100 pA| 40 2.0 6.0 +25| =18 | Low Power JFET Input JG
TLO72M 200 pA| 6.0 10 50pA | 35 4.0 13 +50| 18 | Low Noise JFET Input JG
TLO82M 200 pA| 6.0 10 100 pA| 25 4.0 13 *50] =18 JFET Input JG
Quad Operational Amplifiers
BW SR Supply
hg Vio {TCvio| N0 | Avol | (Ay=1} | {Ay=1) | Voltage
pA mV | uViPC nA |VimV| MHz Vius v Package
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix
Internally Compensated
Commercial Temperature Range (0°C to +70°C)
LF347 200 pA| 10 10 100 pA| 25 4.0 13 +5.0( £18 JFET Input N/646
LF347B 200 pAt 5.0 10 100 pA| 50 4.0 13 +5.0] =18 JFET Input N/646
LF444C 100 pA| 10 10 50 pA | 25 2.0 6.0 +£5.0| =18 | Low Power JFET Input N/646
LM324 0.25 6.0 7.0 50 25 1.0 0.6 +15| £16 Low Power J/632, N/646
+3.0] +32 Consumption
LM348 0.2 6.0 - 50 25 1.0 0.5 +3.0| x18 Quad MC1741 J/632, N/646
MC3401/ 0.3 — — — 1.0 5.0 0.6 +15}) £18 Norton Input J/632, N/646
LM3900 +3.0| +36
MC3403 0.5 10 7.0 50 20 1.0 0.6 +15) *18 No Crossover L, P/646
+3.0| +36 Distortion
MC4741C 0.5 6.0 15 200 20 1.0 0.5 +3.0) =18 Quad MC1741 L, P/646
MC34004 | 200 pA| 10 10 100 pA| 25 4.0 13 +50| £18 JFET Input L, P/64s
MC34004B |200 pA} 5.0 10 100 pA| 50 4.0 13 +50! =18 JFET Input L, P/646
MC34074 0.5 5.0 10 75 25 4.5 10 +3.0( +44 High Performance, L, P/646
MC34074A |500 nA} 3.0 10 50 50 45 10 +3.0] +44 Single Supply L, P/646
MC34084 200 pA| 12 10 100 pA| 25 8.0 30 +5.0| =22 | High Speed, JFET Input P/646
MC34084A (200 pA}| 6.0 10 100 pA} 50 8.0 30 +65.0| =22 | High Speed, JFET input P/646
MC34085 (200 pA| 12 10 100 pA| 25 16 55 *50] £22 Decompensated P/646
MC34085A | 200 pA| 6.0 10 100 pA| 50 16 55 +50| £22 MC34084 for Ay =2 P/646
MC34184 0.1nA| 10 10 0.05 25 4.0 10 +25| =18 | Low Power JFET Input P/646
TLOG4AC 200 pA| 6.0 10 (100 pA; 4.0 2.0 6.0 +25| +18 | Low Power JFET Input N/646
TLO64C 200 pA| 15 10 200 pA| 4.0 2.0 6.0 +25| £18 | Low Power JFET Input N/646
TLO74AC 200 pA| 6.0 10 50 pA | 50 4.0 13 +5.0| +18 | Low Noise JFET Input J/632, N/646
TL074C 200 pA| 10 10 50pA | 25 4.0 13 +50; =18 | Low Noise JFET Input J/632, N/646
TLOB4AC 200 pAj 6.0 10 100 pA| 50 4.0 13 +50| =18 JFET Input J/632, N/646
TLO84C 400 pA| 15 10 200 pA| 25 4.0 13 +50| £18 JFET Input J/632, N/646
Industrial Temperature Range (- 25°C to +85°C)
LM224 0.15 5.0 7.0 30 50 1.0 0.6 +15| =16 Split or Single J/632, N/646
+3.0( +32 Supply OP Amp
LM248 0.2 6.0 — 50 25 1.0 0.5 +3.0| =18 Quad MC1741 J/632, N/646
Automotive Temperature Range { — 40°C to +85°C)
LM2902 0.5 10 — 50 — 1.0 0.6 +15] 13 Differential J/632, N/646
+30| +26 Low Power
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OPERATIONAL AMPLIFIERS (continued)

BW SR Supply
B | Vio |TCvio| W0 [Avol | (Ay=1) | (Ay=1) | Voltage
pA mV | uVrC nA |VimV| MHz Vius v Package
Device Max | Max | Typ Max | Min Tye Typ Min Max Description Suffix
Automotive Temperature Range (-40°C to +85°C) {continued)
MC3301/ 0.3 — - — 1.0 4.0 0.6 +2.0{ =15 Norton Input P/646
LM2900 +4.0| +28 N/646
MC3303 0.5 8.0 10 75 20 1.0 0.6 +15| =18 Differential P/646
+3.0| +36 General Purpose
MC33074 0.5 45 10 75 25 45 10 +3.0| +44 High Performance, L, P/646
Single Supply
MC33074A (500 nA| 3.0 10 50 50 45 10 +3.0| +44 | Quad High Performance L, P/646
MC33079 |750 nA| 2.5 2.0 150 | 31.6 9.0 7.0 +5.0( =18 Quad Low Noise N/646
MC33174 0.1 45 10 20 50 1.8 2.1 +3.0| +44 Low Power, Single P/646
Supply
MC33184 0.1nA| 10 10 0.05 25 4.0 10 +25| =18 | Low Power JFET Input P/646
MC33274 650 nA| 1.0 056 | 25nA | 31.6 5.5 1.5 +15| =18 High Performance P/626
MC33284 |100 pA| 2.0 5.0 50 pA | 50 30 12 +25]| =18 | Low Input Offset JFET P/646
TLO64V 200 pA| 9.0 10 100 pA| 4.0 20 6.0 +25) =18 | Low Power JFET Input N/646
Telecommunications Temperature Range { —40°C to +85°C)
MC143403 | 1.0nA| 30 — 200 pA |45 dB 0.8 15 475 | 12,6 CMOS, Low Power, L, P/646
Drives Low-impedance
Loads
MC143404 | 1.0 nA| 30 — |200 pAl60dB| 0.8 1.0 4.75 | 12.6 |CMOS, Very Low Power L, P/646
Military Temperature Range { - 55°C to + 125°C)
[Lm124 0.15 | 5.0 7.0 30 50 1.0 0.6 +15| £16 Low Power J/632, N/646
+3.0] +32 Consumption
LM148 0.1 5.0 — 25 50 1.0 0.5 +3.0( =18 Quad MC1741 J/632
MC3503 0.5 5.0 7.0 50 50 1.0 0.6 +1.5| x18 General Purpose L, P/646
+3.0| +36 Low Power
MC4741 0.5 5.0 15 200 50 1.0 0.5 +3.0( x22 Quad MC1741 L
MC35004 (100 pA| 10 10 100 pA| 25 4.0 13 *50] 22 JFET Input L
MC35004B {100 pA| 5.0 10 50 pA | 50 4.0 13 *5.0]| =22 JFET Input L
MC35074 0.5 5.0 10 75 25 45 10 +30| +44 High Performance, L
Single Supply
MC35074A |500 nA| 3.0 10 50 50 45 10 +3.0| +44 | Quad High Performance L
MC35084 (200 pA| 12 10 100 pA| 25 8.0 30 +5.0) =22 | High Speed, JFET Input L
MC35084A 1200 pA| 6.0 10 |100 pA| 50 8.0 30 +5.0| £22 | High Speed, JFET Input L
MC35085 |200 pA| 12 10 100 pA| 25 16 55 +60( =22 Decompensated L
MC35085A | 200 pA| 6.0 10 100 pA| 50 16 55 +50) £22 MC35084 for Ay =2 L
MC35174 0.1 4.5 10 20 50 1.8 2.1 +3.0( +44 Low Power, Single L
Supply
MC35184 |0.1nA| 10 10 0.05 25 4.0 10 +25) =18 | Low Power JFET Input L
TLO64M 200 pA| 9.0 10 100 pA| 4.0 20 6.0 +25| +18 | Low Power JFET Input J/632
TLO74M 200 pA| 9.0 10 |50pA| 35 4.0 13 +50| +18 | Low Noise JFET Input J/632
TLOBAM 200 pA| 9.0 10 |100 pA| 25 4.0 13 +50[ =18 JFET Input J/632
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High Frequency Amplifiers

A variety of high frequency circuits with features ranging
from low cost simplicity to multi-function versatility marks
Motorola’s line of integrated amplifiers. Devices described
here are intended for industrial and communications appli-

AGC Amplifiers

MC1590G Family — Wide-Band General Purpose
Amplifiers

The MC1590G, MC1490, MC1350 family are basic
building blocks — AGC (Automatic Gain Controlied) RF/
Video Amplifiers. These parts are recommended for
applications up through 70 MHz. The best high fre-
quency performance may be obtained by using the
physically smaller SOIC version (shorter leads) —
MC1350D. There are currently no other RF IC's like
these, because other manufacturers have dropped their
copies. Applications include variable gain video and
instrumentation amplifiers, IF (Intermediate Frequency)
amplifiers for radio and TV receivers, and transmitter
power output control. Many uses will be found in med-
ical instrumentation, remote monitoring, video/graph-
ics processing, and a variety of communications equip-
ment. The family of parts using the same basic die
(identical circuit with slightly different test parameters)
is listed in the following table.

MC1545/1445 — Gated 2-Channel Input
Differential input and output amplifier with gated 2-

channel input for a wide variety of switching purposes.

Typical 50 MHz bandwidth makes it suitable for high

High-Frequency Amplifier Specifications

cations. For devices especially dedicated to consumer prod-
ucts, i.e.,, TV and entertainment radio, see the “Consumer
Electronics” section.

frequency applications such as video switching, FSK
circuits, multiplexers, etc. Gating circuit is useful for
AGC control.

Non-AGC Amplifiers

SE/NE592 — Differential Two Stage Video
Amplifier

A monolithic, two stage differential output, wideband
video amplifier. it offers fixed gains of 100 and 400 with-
out external components and adjustable gains from 400
to 0 with one external resistor. The input stage has been
designed so that with the addition of a few external
reactive elements between the gain select terminals, the
circuit can function as a high pass, low pass, or band
pass filter. This feature makes the circuit ideal for use
as a video or puilse amplifier in communications, mag-
netic memories, display and video recorder systems.

MC1733/MC1733C — Video Amplifier

Differential input and output amplifier provides three
fixed gain options with bandwidth to 120 MHz. External
resistor permits any gain setting from 10 to 400 V/V.
Extremely fast rise time (2.5 ns typ} and propagation
delay time (3.6 ns typ) makes this unit particularly useful
as pulse amplifier in tape, drum, or disc memory read
applications.

Operating Ay Bandwidth Veo/VEE
Temperature Range dB @ MH2 Vdc
-55°to +125°C | —40°to +85°C 0°to +70°C (Typ) Min Max Package/Suffix
MC1590G — — 50 10 +6.0 +18 601
35 100
- _ MC1350 50 45 +6.0 +18 626/P,
50 45 751/D
— MC1490 - 50 10 +6.0 +18 626/P
35 100
MC1545 —_ MC1445 19 50 +4.0 +12 632/L
SE592 —_ NE592 52 40 *4.0 +8.0 603/H, 632/F
40 90 646/N
MC1733 — MC1733C 52 40 +4.0 +8.0 603/G, 632/L
40 90 646/P
20 120
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Miscellaneous Amplifiers

Motorola provides several bipolar and CMOS special
purpose amplifiers which fill specific needs. These

CMOS

MC14573: Quad Programmable Operational Amplifier

MC14574: Quad Programmable Comparator
MC14575: Dual Programmable Operational
Amplifier and Dual Programmable
Comparator
These low power devices are designed for applica-
tions such as active filters, voitage reference circuits,
function generators, oscillators, and limit set alarms.

output 1 [1 E Output 4
[ }—' E I inputs &
| E + + E |

Voo E 13] Vs

5 12

Inputs 2‘ [: * + l Inputs 3
lE ml

output 2 [7 [10] Output 3

~

inputs 1

w

devices range from low power CMOS programmable
amplifiers and comparators to variable-gain bipolar
power amplifiers.

Bipolar

MC3505/MC3405: Dual Operational Amplifier
and Dual Comparator

This device contains two Differential Input Opera-
tional Amplifiers and two Comparators each set capable
of single supply operation. This operational amplifier-
comparator circuit will find its applications as a general
purpose product for automotive circuits and as an in-
dustrial “building block.”

Out 1 14| OQutd

Comp ( Op
1

Amp
S H 1 13[
Inputs 1 < j’:bj Inputs 4
(G a
vee| e 11 | vgg Gnd
Comp Op EE

2 Amp 2
(-] o]
inputs 2 Inputs 3
] ]
Qut 2|7 8[Out3

lsm‘JE 3‘32(3‘
hB Vio o Ayol Response Supply Voltage
HA mV nA V/imV us Package
Device Max Max Max Min Typ Single Dual Suffix
Bipolar
MC3505 5.0 L/632
0.5 50 20 13 3.0to 36 +151t0 =18
MC3405 10 L/632, P/646
CMOS
MC14573
MC14574 0.001 +30 0.0001 1.0 10* 3.0to 15 +15t0 =76 D/751B, P/648
MC14575

*Propagation Delay

Power Amplifiers Variable Gain

MC1554G—Tp = —55°to +125°C, Case 603C

MC1454G—Tp = 0° to +70°C, Case 603C
One-watt Power Amplifier for single or split supply

operation. Typical voltage gain of 10, 18, or 33 V/V with
0.4% THD.

Ay. VOLTAGE GAIN (dB)

T Gain Option #1 = 36UV
A Gain option #2[ ][ 18V N
A [ Gain option #3[ [ /[T~ 10 v, N
1 N
; Pout = 1.0 W RMS |
I : ! Ry = 16 OHMS ||
! i vee = 16V T
10 100 10k 20k 50k 10k 100 k oM

VOLTAGE GAIN versus FREQUENCY (R = 16 OHMS)

1, FREQUENCY (Hz)
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Comparators

B [ Vio| ho Ay | lo |Response Supply Temperature
MHA mV pA | VIV | mA Time Voltage Range Package
Device Max | Max | Max | Typ | Min ns \' Description °C) Suffix |
Single
BIPOLAR
LM111 0.1 3.0 0.01 |200k| 8.0 200 +15, —~15 | With strobe, will operate —~55to +125 H, J-8
LM211 01 | 30 | 001 |200k| 8.0 200 +15, -15 | from single supply ~ 2510 +85 H, J-8
LM311 0.25 7.5 0.05 (200k( 80 200 +15, —15 Oto +70 |H, N/626, J-8
CMOS
MC14578 (1.0 pA| 50 — — 1.1 — +3.5to + 14| Requires only 10 pA from —30to +70 D/7518,
singte-ended supply P/648
Dual
BIPOLAR
LM193 01 [ 50 [ 0.025 [200k] 6.0 [ 1300 +15t0 | Designed for single or split | -55to +125 H
LM193A 0.1 2.0 | 0.025 {200k | 6.0 1300 *+18 or supply operation, input —~55to +125 H
LM293 025 | 50 | 005 [200k| 6.0 1300 +3.0 to +36| common mode includes —251t0 +85 H
LM293A 0.25 2.0 0.05 [200k| 6.0 1300 ground (negative supply) —~25to +85 H
LM393 0.25 5.0 0.05 |200k{ 6.0 1300 Oto +70 H, N/626
LM393A | 025 | 20 | 0.05 [200k| 6.0 1300 Oto +70 H, N/626
LM2903 0.25 7.0 0.056 |200k| 6.0 1500 —40to +85 N/626
MC3405 0.5 10 0.05 |200k| 6.0 1300 *151t0 This device contains two Oto +70 L/632, P/646
MC3505 05 5.0 0.05 |200k| 6.0 1300 +*7.50r op amps and two ~565t0 +125 L/632
+3.0 to 15 | comparators in a single
package
CMOs
MC14576 | 0.001 | 30 T0.0001 20k | 3.0 1000 +15to This device contains two —40to +85 P/648
+7.50r op amps and two D/7518
+3.0to 15 j comparators in a single
package
Quad
BIPOLAR
LM139 0.1 5.0 T 0.025 |200k| 6.0 1300 +1510 Designed for single or split | -55to +125 J
LM139A 0.1 2.0 | 0.025 |200k| 6.0 1300 +18 or supply operation, input -55t0 +125 J
LM239 0.25 | 5.0 | 0.05 [200k| 6.0 1300 +3.0 to +36 | common mode includes —25t0 +85 J, N/646
LM239A 025 | 20 | 0.05 [200k| 6.0 1300 ground (negative supply} —25t0 +85 J, N/646
LM339 0.25 5.0 0.05 |200k| 6.0 1300 O0to +70 J, N/646
LM339A 0.25 20 0.05 |200k| 6.0 1300 0to +70 J, N/6a6
LM2901 0.25 7.0 0.05 [100k| 6.0 1300 —40to +85 N/646
MC3302 0.5 20 05 |30k| 60 1300 -40to +85 P/646
MC3430 40 6.0 (1.0 Typ{ 1.2k | 16 33 +5.0, —5.0 | High speed comparator/ Oto +70 L P
MC3431 40 10 1.0 Typ| 1.2k ] 186 33 +5.0, -5.0 | sense-amplifier 0to +70 L P
MC3432 40 6.0 |1.0 Typ; 1.2k | 16 40 +5.0, -5.0 Oto +70 L P
MC3433 40 10 |1.0Typ| 1.2k | 16 40 +5.0, -5.0 Oto +70 L P
CMOSs
MC14574 | 0.001 30 |0.0001) 20k | 3.0 10000 +151t0 Externally programmable —40to +85 P/648
+7.5 or power dissipation with one D/7518B
+3.0to + 15 or two resistors
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AMPLIFIERS

Operational Amplifiers

Device Function

LF347 Family of BIFET Operational Amplifiers . ............ .. ... ... it
LF351 Family of BIFET Operational Amplifiers ............. .. ..o,
LF353 Family of BIFET QOperational Amplifiers ......... .. oo,
LF355,B Monolithic JFET Operational Amplifiers ......... ... ... oo,
LF356,B Monolithic JFET Operation Amplifiers ........... ...
LF357.B Monolithic JFET Operational Amplifiers ............. ... ... .. ... ... ..
LF411C Low Offset, Low Drift JFET Input Operational Amplifier ...................
LF412C Low Offset, Low Drift JFET Input Operational Amplifier ...................
LF441C Low Power JFET Input Operational Amplifier ...........................
LF442C Low Power JFET Input Operational Amplifier ...........................
LF444C Low Power JFET Input Operational Amplifier ............... ... ... .. ...,
LM11C,CL Precision Operational Amplifiers ......... ... i
LM101A General Purpose Adjustable Operational Amplifier .......................
LM108,A Precision Operational Amplifiers ........... .. ... ... . i i
LM124 Quad Low Power Operational Amplifier ............. ... .. ... ..........
LM148 Quad MC1741 Operational Amplifier ...... ... ... ... i,
LM158 Dual Low Power Operational Amplifier ........... ... ... .. o,
LM201A General Purpose Adjustable Operational Amplifier .......................
LM208,A Precision Operational Amplifiers ......... .. . i
LM224 Quad Low Power Operational Amplifier .......... ... ... ... it
L2438 Quad MC1741 Operational Amplifier ........... ... i
LM258 Dual Low Power Operational Amplifier ......... ... ... .. ... . o it
LM301A General Purpose Adjustable Operational Amplifier .......................
LM307 Internally Compensated Monolithic Operational Amplifier

LM308,A Precision Operational Amplifiers ........... ... i it
LM324,A Quad Low Power Operational Amplifiers ............ ... ... ... .o .
LM348 Quad MC1741 Operational Amplifier .......... ... i i i,
LM358 Dual Low Power Operational Amplifier .......... .. .. ... i i,
LMI833 Dual, Low Noise, Audio Operational Amplifier...........................
LM2900 Quad Single Supply Operational Amplifier ........................... ...
LM2902 Quad Low Power Operational Amplifier ........... .. .. i it
LM2904 Dual Low Power Operational Amplifier ........ ... ... . ...
LM3900 Quad Single Supply Operational Amplifier ................ ... . .ot
MC1436.C High Voltage Operational Amplifiers ........ ... ... i i,
MC1437 Dual Operational Amplifier .......... i e
MC1439 High Slew Rate Operational Amplifier ............ ... ... .. ... ... ...
MC1456,C High Performance Operational Amplifiers ........... ... ... .. ... ... ...
MC1458,C Dual Operational Amplifiers ......... ... it
MC1458S High Slew Rate Dual Operational Amplifier .............. ... ... .ot
MC1480P Wideband Amplifier with AGC .. ... ... i e
MC1536 High Voltage Operational Amplifier ............ .. .. i i,
MC1537 Dual Operational Amplifier ....... ... ... i
MC1539 High Slew Rate Operational Amplifier ........... ... ... ... .. ... ... ...
MC1556 High Performance Operational Amplifier ......... ... .. ... o ciivne.
MC1558 Low Noise Dual Operational Amplifier ............ .. ... ... i iiin,
MC1558S High Slew Rate Dual Operational Amplifier ............... ... .. .. .. ...
MC1709,A.C General Purpose Operational Amplifiers ........... .. ... ... .. ... . h.
MC1741,C General Purpose Operational Amplifiers ........... .. ..o i,
MC1741S,SC High Slew Rate Operational Amplifiers .......... ... ... ... . oo it
MC1747,C Dual MC1741 Operational Amplifiers ....... ... it
MC1748,C General Purpose Operational Amplifiers .............. ... .. ... .......
MC1776,C Programmable Operational Amplifiers ......... ... ... ...t
MC3301 Quad Operational Amplifier . ... ... i e
MC3303 Quad Differential Input Operational Amplifier ...........................
MC3358 Dual Low Power Operational Amplifier .......... .. ... .. ... .. ...
MC3401 Quad Operational Amplifier . ... ... . i e
MC3403 Quad Differential Input Operational Amplifier ........ ... ... ... .. .. ...
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AMPLIFIERS

Operational Amplifiers (con’t)

Device

MC3458
MC3476
MC3503
MC3558
MC4558,AC,C
MC4741,C
MC33071
MC33072
MC33074
MC33077
MC33078
MC33079
MC33171
MC33172
MC33174
MC33178
MC33179
MC33181
MC33182
MC33184
MC33272
MC33274
MC33282
MC33284
MC34001
MC34002
MC34004
MC34071
MC34072
MC34074
MC34080

MC34081
MC34082
MC34083

MC34084
MC34085

MC34181
MC34182
MC34184
MC35001
MC35002
MC35004
MC35071
MC35072
MC35074
MC35080

MC35081
MC35082
MC35083

MC35084
MC35085

MC35171
MC35172

Function Page
Dual Low Power Operational Amplifier ........... ... . .o ... 2-230
Programmable Operational Amplifier .......... .. ... .. .. ... ... ... 2-236
Quad Differential Input Operational Amplifier ........................... 2-208
Dual Low Power Operational Amplifier ........... ... .. ... .. .. ... ... 2-230
Dual High Frequency Operational Amplifiers ............................ 2-241
Quad MC1741 Operational Amplifiers ........... ..., 2-245
High Performance, Single Supply Operational Amplifier .................. 2-306
Dual High Performance, Single Supply Operational Amplifier ............. 2-306
Quad High Performance, Single Supply Operational Amplifier ............. 2-306
Dual Low Noise Operational Amplifier ........... ... ... ... ... ........ 2-250
Low Noise Operational Amplifier ........ ... ... .. i i 2-261
Low Noise Operational Amplifier ........ ... ... ... . i, 2-261
Low Power, Single Supply Operational Amplifier ........................ 2-270
Dual Low Power, Single Supply Operational Amplifier.................... 2-270
Quad Low Power, Single Supply Operational Amplifier ................... 2-270
High Output Current, Low Power Operational Amplifier .................. 2-277
High Output Current, Low Power Operational Amplifier .................. 2-277
Low Power JFET Input Operational Amplifier ........................... 2-333
Low Power JFET Input Operational Amplifier ........................... 2-333
Low Power JFET Input Operational Amplifier ........................... 2-333
High Performance Operational Amplifier ............. .. ... .. ... ...... 2-287
High Performance Operational Amplifier ......... .. ... .. ... ... ... ... 2-287
JFET Operational Amplifier ......... ... . . 2-296
JFET Operational Amplifier ... ... .. i i i e 2-296
JFET Input Operational Amplifier ........ ... .. ... i, 2-299
JFET Input Operational Amplifier ........ .. ... ... i i, 2-299
JFET Input Operational Amplifier ........ .. ... . ... . ... iiiiiiia... 2-299
High Performance, Single Supply Operational Amplifier .................. 2-306
Dual High Performance, Single Supply Operational Amplifier ............. 2-306
Quad High Performance, Single Supply Operational Amplifier ............. 2-306
High Speed Decompensated (Ayc| = 2} JFET Input Operational

Amplifier ... e e 2-322
High Speed JFET Input Operational Amplifier ........................... 2-322
Dual High Speed JFET Input Operational Amplifier ...................... 2-322
Dual High Speed Decompensated (AycL = 2} JFET Input

Operational Amplifier .. ... e 2-322
Quad High Speed JFET Input Operational Amplifier ...................... 2-322
Quad High Speed Decompensated (Ayc = 2) JFET Input

Operational Amplifier ... ... .. i i i e e e 2-322
Low Power JFET Input Operational Amplifier ........................... 2-333
Low Power JFET Input Operational Amplifier ................ ... ....... 2-333
Low Power JFET Input Operational Amplifier ........................... 2-333
JFET Input Operational Amplifier ......... ... .. .. i ... 2-299
JFET Input Operational Amplifier .......... .. .. ... . i i, 2-299
JFET Input Operational Amplifier ........ ... ... .. . . i 2-299
High Performance, Single Supply Operational Amplifier .................. 2-306
Dual High Performance, Single Supply Operational Amplifier ............. 2-306
Quad High Performance, Single Supply Operational Amplifier ............. 2-306
High Speed Decompensated (AycL = 2) JFET Input Operational

AP T L e e e 2-322
High Speed JFET Input Operational Ampilifier ........................... 2-322
Dual High Speed JFET Input Operational Amplifier ...................... 2-322
Dual High Speed Decompensated (Aycp = 2) JFET Input

Operational Amplifier ....... .. . e 2-322
Quad High Speed JFET Input Operational Amplifier . ..................... 2-322
Quad High Speed Decompensated (AycL = 2) JFET Input

Operational Amplifier . ... . . . e 2-322
Low Power, Single Supply Operational Amplifier ........................ 2-270
Dual Low Power, Single Supply Operational Amplifier .................... 2-270
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AMPLIFIERS

High Frequency Amplifiers

Device

MC35174
MC35181
MC35182
MC35184
OP-27
TLO61
TL062
TL064
TLO71
TLO72
TLO74
TLO81
TL082
TLO84
MC1350
MC1445
MC1490P
MC1545
MC1590G
MC1733,C
NE592
SE592

Function Page
Quad Low Power, Single Supply Operational Amplifier ................... 2-270
Low Power JFET Input Operational Amplifier .............. ... ... ... ... 2-333
Low Power JFET Input Operational Amplifier ........................... 2-333
Low Power JFET Input Operational Ampilifier ................ ... ... . ... 2-333
Ultra Low Noise Precision, High Speed Operational Amplifier ............. 2-347
Low Power JFET Input Operational Amplifier ........................... 2-359
Low Power JFET Input Operational Amplifier .............. ... .. ... ... 2-359
Low Power JFET Input Operational Amplifier ................. ... ... ... 2-359
Low Noise JFET Input Operational Amplifier ............. ... ... ... .. ... 2-367
Low Noise JFET Input Operational Ampilifier ........... ... ... . ... .. ... 2-367
Low Noise JFET Input Operational Amplifier .......... .. ... ... ... ... .. 2-367
JFET Input Operational Amplifier ... ... o i i i 2-374
JFET Input Operational Amplifier ......... ... i, 2-374
JFET Input Operational Amplifier ......... . . i 2-374
IF AMPIfiEr. . o e See Chapter 9
Wideband Amplifier . ... e 2-117
Wideband Amplifier with AGC ....... ... .. i i i 2-144
Wideband Amplifier ... ... . e e 2-117
Wideband Amplifier with AGC ... ... i i 2-150
Differential Video Amplifiers ....... ... . i 2-162
Video AmMpPlfier ... e 2-342
Video Amplifier .. ... . e 2-342

Miscellaneous Ampilifiers

Device
MC1454G
MC1554G
MC3405
MC3505
TCA0372

Device

LM111
LM139,A
LM1983,A
Lm211
LM239,A
LM293,A
LM311
LM339,A
LM393,A
LM2901
LM2903
MC1414
MC1514
MC3302
MC3405
MC3430
MC3431
MC3432
MC3433
MC3505

Function Page
1-Watt Power Amplifier ... ... . e 2-123
1-Watt Power Amplifier .. ... . 2-123
Dual Operational Amplifier plus Dual Voltage Comparator ................ 2-214
Dual Operational Amplifier plus Dual Voltage Comparator ................ 2-214
Dual Power Operational Amplifier ......... .. ... ... . . i 2-356
COMPARATORS
Function Page
High Performance Voltage Comparator ......... ... ... 2-54
Quad Single Supply Comparators ...........c.iiiiiiiiiiiiiinin.., 2-66
Dual Comparators ... ..vi et e e 2-82
High Performance Voltage Comparator ........ ... .o, 2-54
Quad Single Supply Comparators . ............oiiiiiin i, 2-66
Dual Comparators ... ... 2-82
High Performance Voltage Comparator ......... ... ..., 2-54
Quad Single Supply Comparators . ............viiiimiiinnnnenans 2-66
Dual Comparators . ...t e 2-82
Quad Single Supply Comparator ... 2-66
Dual Comparator ... ... e e 2-82
Dual Differential Voltage Comparator ............c.uiiiiiiauanenrnnannnn 2-97
Dual Differential Voltage Comparator .............c..viiiiiiininanneen.n 2-97
Quad Single Supply Comparator ... ...ttt 2-66
Dual Operational Amplifier plus Dual Voltage Comparator ................ 2-214
High Speed Quad Comparator ............ ... i, 2-222
High Speed Quad Comparator .............oiuuiiniiniininnnennienn.n. 2-222
High Speed Quad Comparator ...........c.cciiiuiiinr i nn.. 2-222
High Speed Quad Comparator .........cccuiiiiiiinnurnintenennenenan.n. 2-222
Dual Operational Amplifier plus Dual Voltage Comparator ................ 2-214
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RELATED APPLICATION NOTES

Application Related
Note Title Device
AN926, AR115 Techniques for Improving the Settling of a DAC and Op. LF357, MC34084,
Amp. Combination .......... ... MC34085, MC34087
AN273A Getting More Value Out of an Int. Op. Amp. Data Sheet . .... MC1439, 1539
AN587, EB20 Analysis and Design of the Op. Amp. Current Source ....... MC1741
EB57 An Economical FM Trans. Voice Proc. from a Single
Integrated Circuit . ...t i e MC3401
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LF347

MOTOROLA
E SEMICONDUCTOR LF351
TECHNICAL DATA LF353

FAMILY OF BIFET

P OPERATIONAL AMPLIFIERS
JFET INPUT OPERATIONAL AMPLIFIERS SILICON MONOLITHIC

. . e . INTEGRATED CIRCUITS
These low cost JFET input operational amplifiers combine two

state-of-the-art linear technologies on a single monolithic inte-
grated circuit. Each internally compensated operational amplifier
has well matched high voltage JFET input devices for low input

N SUFFIX
offset voltage. The BIFET technology provides wide bandwidths PLASTIC PACKAGE
and fast slew rates with low input bias currents, input offset cur- CASE 626

rents, and supply currents.
These devices are available in single, dual and quad operational
amplifiers which are pin-compatible with the industry standard

(LF351, LF353 Only)

MC1741, MC1458, and the MC3403/LM324 bipolar devices. D SUFFIX
PLASTIC PACKAGE
‘, CASE 751
8 42 (50-8)
e Input Offset Voltage of 5.0 mV Max (LF347B) ! (LF351, LF353 Only)

¢ Low Input Bias Current — 50 pA

® Low Input Noise Voltage — 16 nV/VHz LF351

(Top View)

® Wide Gain Bandwidth ~ 4.0 MHz

e High Slew Rate - 13 V/us JOutput 8 LF353

}unpus g (Top View)

e Low Supply Current — 1.8 mA per Amplifier

® High Input Impedance - 1012 Q

N SUFFIX
: L PLASTIC PACKAGE
e High Common-Mode and Supply Voltage Rejection CASE 646
Ratios - 100 dB 14 {LF347 Only)
1
MAXIMUM RATINGS
- " Out 1 [1] 13 Out 4
Rating Symbol Value Unit 2k h
2 13]
Supply Voltage Vee +18 v Inputs 1 T a Inputs 4
VEE -18 B ASiE)
Differential Input Voltage ViD +30 \ Vee Ei . [ Vee
Input Voltage Range (Note 1) VIDR +15 \" Inputs 2 5 0] nputs 3
Output Short Circuit Duration (Note 2) ts Continuous Ol 2
Power Dissipation at Ta = + 25°C Pp 900 mw Out 2 @ Out3
Derate above TA = +25°C VoJA 10 mw/r°C (Top View)
Operating Ambient Temperature Range TA Oto +70 °C
Operating Junction Temperature Range Ty 115 °C ORDERING INFORMATION
Starage Temperature Range Tstg -65to +150| °C r Functi J Device Package
NOTES: Single |  LF351D s0-8
B Single LF351N Plastic DIP
1. Unless otherwise specified, the absolute maximum negative input voltage is
limited to the negative power supply. g“a: tg:gg ol S?ABDIP
ua astic
2. Any amplifier output can be shorted to ground indefinitely. However, if more Quad LF347BN Plastic DIP
than one amplifier output is shorted simultaneously, maximum junction temperature Quad LF347N P|a:tic DIP
ratings may be exceeded. 2
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LF347, LF351, LF353

ELECTRICAL CHARACTERISTICS (Vcc = +15V, VEg = —15V, TA = 25°C unless otherwise noted).

LF3478 LF347, LF351, LF353
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 10 k, Vcm = 0) vVio mV
Ta = +25°C — 1.0 5.0 — 5.0 10
0°C < Tp < +70°C — — 8.0 — — 13
Average Temperature Coefficient of Input Offset AVio/AT — 10 — — 10 — uv/rC
Voltage
Rg =10k, 0°C < Tp < +70°C
Input Offset Current (Vopm = 0, Note 3) o
TA = +25°C — 25 100 — 25 100 pA
0°C < Tp < +70°C — — 4.0 — — 4.0 nA
Input Bias Current (Vcpm = 0, Note 3) B
Ta = +25°C — 50 200 — 50 200 pA
0°C < Tp < +70°C — — 8.0 — — 8.0 nA
Input Resistance T - 1012 — — 1012 — Q
Common Mode Input Voltage Range VICR +15 +15 \
=1 — +11 —
-12 -12
Large-Signal Voltage Gain (Vg = =10V, R = 20k} | AyvQL VimV
Ta = +25°C 50 100 — 25 100 —
0°C<Tp < +70°C 25 — — 15 — —
Output Voltage Swing (R = 10 k) Vo +12 +14 — +12 +14 — \
Common Mode Rejection Ratio (Rg < 10 k) CMRR 80 100 — 70 100 — dB
Supply Voltage Rejection Ratio (Rg < 10 k) PSRR 80 100 — 70 100 — dB
Supply Current Ip mA
LF347 — 7.2 11 — 7.2 1"
LF351 — — — — 1.8 34
LF353 — . — — 36 6.5
Slew Rate (Ay = +1) SR — 13 — — 13 — Vius
Gain-Bandwidth Product BWp — 4.0 — — 4.0 — MHz
Equivalent Input Noise Volitage en — 24 — — 24 — nV/VHz
(Rg = 100 Q, f = 1000 Hz)
Equivalent Input Noise Current (f = 1000 Hz) in — 0.01 — — 0.01 - pA/VHz
Channel Separation (LF347, LF353) - - -120 - — -120 — dB
1.0 Hz < f =< 20 kHz (Input Referred)

For Typical Characteristic Performance Curves, refer to MC34001/34002/34004 data sheet.

NOTES: (continued)

3. Input bias currents of JFET input op amps approximately double for every 10°C rise in junction temperature. To maintain junction temperatures as
close to ambient as is possible, pulse techniques are utilized during test.
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MOTOROLA

m SEMICONDUCTOR s
TECHNICAL DATA

MONOLITHIC JFET INPUT
OPERATIONAL AMPLIFIERS

These internally compensated operational amplifiers incorporate
highly matched JFET devices on the same chip with standard
bipolar transistors. The JFET devices enhance the input charac-
teristics of these operational amplifiers by more than an order
of magnitude over conventional amplifiers.

This series of op amps combines the low current characteristics
typical of FET amplifiers with the low initial offset voltage and
offset voltage stability of bipolar amplifiers. Also, nulling the offset
voltage does not degrade the drift or common mode rejection.

LF355, LF356,
LF357~, LF355B,
LF356B, LF357B*

MONOLITHIC JFET
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

H SUFFIX
METAL PACKAGE
CASE 601

Vee

Q
Invt input (3) (® Output
®

Noninvt Input O, Offset Nulil

Low input Bias Current — 30 pA Vee

Low Input Offset Current — 3.0 pA (Top View)

Low tnput Offset Voltage — 1.0 mV

Temperature Compensation of tnput Offset Voltage —

3.0 uv/°C

Low input Noise Current — 0.01 pA/A/Hz

High Input Impedance — 1012(2 .

High Common-Mode Rejection Ratio — 100 dB

1
High DC Voltage Gain — 106 dB
J SUFFIX
CERAMIC PACKAGE
CASE 693
SERIES FEATURES Offset Null 1 8 ne
Invt input 2 7 VCC
Noninvt input 3 6 Output
e LF355/3556B — Low Power Supply Current VEg 4 5 Offset Null
® |F356/356B — Wide Bandwidth {Top View)
e LF357/357B — Wider Bandwidth Decompensated (Aymin = 5)
LF355/355B| LF356/356B|LF357/357B

Fast Settling Time to 0.01%| 4.0 us 1.5 us 1.5 us APPLICATIONS

Fast Slew Rate 5.0 V/us 12 Vips 50 V/us

Wide Gain Bandwidth 2.5 MHz 5.0 MHz 20 MHz

Low Input Noise Voltage |20 nV/VHz |12 nV/VHz |12 nvV/VHz

ORDERING INFORMATION

The LF series is suggested for all general
purpose FET input amplifier requirements
where precision and frequency response
flexibility are of prime importance.

Specific applications include:

Sample and Hold Circuits

High Impedance Buffers

Fast D/A and A/D Converters

Precision High Speed Integrators

Wideband, Low Noise, Low Drift Amplifiers

® & 0 00

Device Temperature Range Package
LF355BH,H Metal Can
LF3558BJ,J Ceramic DIP

LF356H o Metal Can
LF356BJ,J Oto +70°C Ceramic DIP
LF357BH.H Metal Can
LF357BJ,J Ceramic DIP

*NOTE: The LF357/357B are designed for wider
bandwidth li They are decomp
(AVmin = 5).
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LF355, LF356, LF357, LF355B, LF356B, LF357B

MAXIMUM RATINGS
LF355B/
Rating Symbol 356B/3578 LF355/356/357 Unit
Supply Voltage Vee +22 +18 \
VEE -22 -18

Differential Input Voltage Vib +40 +30 \
Input Voltage Range (Note 1) VIDR +20 +16 \'
QOutput Short-Circuit Duration Ts Continuous

Operating Ambient Temperature Range TA Oto +70 °C
Operating Junction Temperature Ty 150 °C
Storage Temperature Range Tstg -65to +150 °C

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

CIRCUIT SCHEMATIC
Offset Null
ST
19 o5 \
- 7CC
Q1
J3
Q2
W
c2
’—%‘—ﬁ J8 1€
(=) J7 10 pF**
'2 e Out
nv. Input a5 0 &
(+}
3 Ji(J2
Non-Inv, VeE
Input
R2 R3
Q7 30 ﬁ
c1 Q13
J10 J11 ~4
T , sRa R5 R6 DaY Y
10pF" 210k 5.0k 5.0 k
-0 VEE

*C1 = 5.0 pF on LF357.
**C2 = 2.0 pF on LF357.
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LF355, LF356, LF357, LF3558B, LF356B, LF3578

DC ELECTRICAL CHARACTERISTICS (Ve = 151020 V, VEg = — 15 to —20 V for LF355B/356B/357B; Vg = 15V, VEE =
—15 V for LF355/356/357; Tp = 0°C to +70°C unless otherwise noted}

LF355B/6B/78 LF355/6/7
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg = 50 ©, Vo = 0) Vio mV

(Ta = 25°C) - 3.0 5.0 — 3.0 10

(Over Temperature) — — 6.5 — - 13
Average Temperature Coefficient of Input Offset | AV)o/AT — 5.0 — — 5.0 — uvrc

Voltage

(Rg = 50 )

Change in Average TC with V(g Adjust ATC/AVIQ - 0.5 - — 0.5 —_ uvrc

(Rg = 50 O) (Note 2) per mV
Input Offset Current (Vopm = 0) (Note 3) o

{Ty = 25°C) - 3.0 20 —_ 3.0 50 pA

(Ty <70°C) — — 1.0 — — 2.0 nA
Input Bias Current (Vcpm = 0} (Note 3) 1T

(Ty = 25°C) - 30 100 — 30 200 pA

(Ty < 70°C) - — 5.0 — — 8.0 nA
Input Resistance (T = 25°C) T — 1012 - — 1012 — Q
Large Signal Vottage Gain AyoL Vimv

Vo = £10V,R_ = 20k Vecc =15V,

VEg = —15V)
(Tp = 25°C) 50 200 - 25 200 —
(0°C = Tp < +70°C) 25 —_ — 15 — —_
Output Voltage Swing Vo \

(Voec = 15V, VEg = —15V, R = 10 kf}) *12 +13 — *12 *13 -

(Vcc = 15V, VEg = —16V,RL = 2kQ) +10 *12 — *10 *12 -

Input Common-Mode Voltage Range VicR =11 +16.1 - +10 +16.1 — v

(Vcc =16V, VEg = —-15V) -12.0 -12.0
Common-Mode Rejection Ratio CMRR 85 100 - 80 100 - dB
Supply Voltage Rejection Ratio (Note 4) PSRR 85 100 — 80 100 — dB8
Supply Current (Tp = 25°C, Vgg = 15V, Ip mA

VEg = —15V)

LF355B/355 —_ 2.0 4.0 — 2.0 4.0

LF356B/3578 — 5.0 70 - - —_

LF356/357 = - — — 5.0 10
AC ELECTRICAL CHARACTERISTICS (Vcc = 16V, VEg = —15V, Ta = 25°C)

LF355B/355 LF356B/356 LF357B/357
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Slew Rate {Note 5) SR Vius

(Ay = 1) LF355/356 — | 50| — |75 ] 12 - | — — —

(Ay = 5) LF357 — | — -] — | — — ] 30 | 50 —
Gain-Bandwidth Product GBW — |25 —}—[B0]| — | — 20 —_ MHz
Settling Time to 0.01% (Note 6) ts — |40 — | — {185 | — | — [156]| — pus
Equivatent Input Noise Voltage en nV/VHz

(Rg = 100 2, f = 100 Hz) — | 25 - - 15 - | — 15 -

(Rg = 100 Q, f = 1000 Hz} — | 20 - | - 12 — — 12 _

Equivalent Input Noise Current in pA/VHz

(f = 100 Hz) — 1001 — ] — |00Y| — — 1001 | —

{f = 1000 Hz) — |00t — | — |00O1T| — | — |0.01| —

Input Capacitance Cj — 30| — — | 30| — — | 30| — pF
NOTES
(1) Unless otherwise specified, the absolute maximum negative input tudes increasing or decreasing simul ly, in d with
voltage is equal to the negative power supply. common practice.
(2) The temperature coefficient of the adjusted input offset voltage (5) The Min. slew rate limits apply for the LF356B and the LF357B, but
changes only a small amount (0.5 wV/°C typically) for each mV of do not apply for the LF356 or LF357.

adjustment from its original unadjusted value. Common-mode re- {6) Settling time is defined here, for a unity gain inverter connection

jection and open loop voltage gain are also unaffected by offset using 2.0 k resistors for the LF355/6. It is the time required for the

adjustment. error voltage (the voltage at the inverting input pin on the amplifier)
(3) The input bias currents approximately double for every 10°C rise in to settle to within 0.01% of its final value from the time a 10 V step
junction temperature, T). Due to limited test time, the input bias input is applied to the inverter. For the LF357, Ay = —5.0, the feed-

currents are correlated to junction temperature. Use of a heat sink back resistor from output to input is 2.0 k and the output step is 10

is recommended if input bias current is to be kept to a minimum. V {see settling time test circuit).

(4) Supply voltage rejection ratio is measured for both supply magni-
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{)g, INPUT BIAS CURRENT (pA) {1, INPUT BIAS CURRENT (pA)

I, SUPPLY CURRENT (mA)

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL DC PERFORMANCE CHARACTERISTICS
(Curves are for LF355, LF356, and LF357 series unless otherwise specified)
INPUT BIAS CURRENT versus CASE TEMPERATURE

FIGURE 2 — (LF356 AND LF357 SERIES)

FIGURE 1 — (LF355 SERIES)

Vee, VEE. SUPPLY VOLTAGE (£VOLTS)

100 k F— + E. 100 k L
| =
0k } Dok
Vg =20V, VEg =- 20V = Vee =20V, Vgg =20V
Tk —+ N\ S 1k S }
Vep =15V . VEg =- 15V 1 Veg =15V, Vgg=-15V
100 i ) } = 100 !
! Veg =10V, Vgg=-10V 2 Vee=10V, Vgg =10V
10 pry e IS ———+t
L Ve =5V, VEg=-5V £ Veg =6V, VEg=-5V
10 + + 10 i +—
LF355 i LF3567 l
0.1 L 0.1 !
86 25 50 35 85 70 56 .25 50 35 65 70
T¢. CASE TEMPERATURE (0C) T¢, CASE TEMPERATURE (0C)
FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OUTPUT VOLTAGE SWING
versus INPUT COMMON-MODE VOLTAGE versus SUPPLY VOLTAGE (LF355B/356B/357B)
80 T i
70 Vep=+15V —[
Veg=-15V I~ ] a
Ta = 259C ‘I LF356/7 A S RL=2k
80 RL =50k Free At — 17 g ¥ T~ 25°C /
50 _ | =
“ LF3567 g v |
With Heat Sink g /
30 LF355 > A
Free Air 5
20 Y ] 5 10 L e
(=]
10 LF355 with =
] Heat Sink ] J
0 0
-10 -5.0 0 50 10 0 50 10 15 2
V). COMMON-MODE INPUT VOLTAGE (VOLTS) Ve, VEE. SUPPLY VOLTAGE (+VOLTS)
SUPPLY CURRENT versus SUPPLY VOLTAGE
FIGURE 5 — (LF355 SERIES) FIGURE 6 — (LF356 AND LF357 SERIES)
40 ] <§ 8.0
o Z 10
&
30 — 3 60
- T = 25°C
& 50 —
20 Te=25°C ac: 10 e —
|oasammme==] - ——
30
LF355 LF35677
10 L 20 . L
0 5.0 10 15 18 20 2% 0 5.0 10 15 20 2

Ve, VEE. SUPPLY VOLTAGE (+VOLTS)
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V@. NEGATIVE OUTPUT VOLTAGE SWING (VOLTS)

V|c. POSITIVE COMMON-MODE INPUT VOLTAGE (VOLTS)

AygL. OPEN LOOP VOLTAGE GAIN (V/V)

@

=3

o
o

o

20

>
=

=]
=3
=

=]
=

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL DC PERFORMANCE CHARACTERISTICS (continued)

FIGURE 7 — NEGATIVE CURRENT LIMIT

A Vec= +15vV___ |

J T

Vgg = —15V

I~ |

Tc=25C |

l

+

-6.0 -10 -15 -20 -25 -30 -35 -40
ISink, OUTPUT SINK CURRENT (mA)

FIGURE 9 — POSITIVE COMMON-MODE
INPUT VOLTAGE LIMIT

4
PC=TA<TC

~

10 15 20
V. POSITIVE SUPPLY VOLTAGE (VOLTS)

FIGURE 11 — OPEN LOOP VOLTAGE GAIN

=

=
RL =2k

Rg =50

Tp = 250C

@
E=Y

10 15 20
Ve, VEg. SUPPLY VOLTAGE (+VOLTS)

FIGURE 8 — POSITIVE CURRENT LIMIT
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_ FIGURE 10 — NEGATIVE COMMON-MODE
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Vg, NEGATIVE SUPPLY VOLTAGE (VOLTS)

FIGURE 12 — OUTPUT VOLTAGE SWING
versus LOAD RESISTANCE

T 717
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=
S 16 /
g /
5 /
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Ry, OUTPUT LOAD RESISTANCE (k$2)
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Vg, QUTPUT VOLTAGE SWING FROM 0 V (VOLTS} BW,, GAIN-BANDWIDTH PRODUCT (MHz)

SLEW RATE NGRMALIZED TO 250C

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS
GAIN BANDWIDTH PRODUCT

FIGURE 13 — (LF355 SERIES) FIGURE 14 — (LF356/357 SERIES)
50 r 85
\ LF355 T = 80 ﬁl l —Jr—“
\ J B E LF357 Curves Identical,
40 —— 5 N But Multiplied by 4,
\ Ve =10V, Vgg=-10V 2 70 LN L
z |
30 ( k \ z 60 LF356
+ =]
RN Veeo 18V vee=-15v 5 N Vee =10V, VEp=-10V
b 2 Ve =15V, Vg =-15V
T 2 50
20 g \\
& NN
Z 40 ~
10
55 -35 -15 50 25 45 65 85 105 125 55 -3 -15 50 25 45 65 85 105 125
T, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
INVERTER SETTLING TIME
FIGURE 15 — (LF355 SERIES) FIGURE 16 — (LF356 AND LF357 SERIES)
] g |
F355 g e, i
L Z vee=15Vv
10 1 Z 10 FVep=-15V
T = EE
|| Ta-250C Ly.4 = [ v /7 I
Vgg= 15V Y TV £ LF386, Ay = —1 /r
50— vgp=-15v V4 2 501 Ay = -5 Tmv
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N 3
IR : . RETEIAN
0.1 0.2 05 10 20 5.0 10 01 02 05 10 20 5.0 10
t, SETTLING TIME (us) tg, SETTLING TIME {us)
FIGURE 17 — NORMALIZED SLEW RATE FIGURE 18 — OPEN LOOP FREQUENCY RESPONSE
T o
a2 n
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02 e |
0 ~10 T } \
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GAIN (dB}

GAIN (dB)

GAIN (dB)

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS (continued)

BODE PLOT OUTPUT IMPEDANCE
FIGURE 19 — (LF355 SERIES) FIGURE 22 — (LF355 SERIES)
™ 1000
10 I — 100
50 ket 75
TN Phase Vep= 16V 8wt =
0 N ' cc 50 _ - = L =
Gain NN Veg=-15V gl 2 - ==
-5 t %@l EESN T
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7 Vl‘l Tp = 25°C
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N RN RS N 125 o i T
10 20 10 20 100 1k 10k 100k ™ oM
f, FREQUENCY (MH2) f, FREQUENCY (Hz)
FGURE 20 — (LF356 SERIES) FIGURE 23 — (LF356 SERIES)
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FIGURE 21 — (LF357 SERIES) FIGURE 24 — (LF357 SERIES)
T T 100
r LF3s57 Tp=25°C H
+— +—t Veg=15V
385 Phase Vep=15V 100 _ Vgg=-15V
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PSRR, SUPPLY VOLTAGE REJECTION RATIO {dB) CMRR, COMMON-MODE REJECTION RATIO (dB)

ep, EQUIVALENT INPUT NOISE VOLTAGE (nV//HzZ)

100

80

60

40

20

FIGURE 25 — COMMON-MODE REJECTION RATIO

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS (continued)

VOLTAGE SWING

FIGURE 26 — UNDISTORTED OUTPUT

T 28 T
Ta = 259C
AL=2k A
T;=250c a n ‘\ 1. xccﬂ?svv
Vep=15V = EE®-
Vcc:.ﬁv e \ H“ Rp=2k [ [l
EE g t \ s o}
H LF355 ¢ < 1% Dist.
e —— w 16 Il
™. 2 \ i
NN 5 \ \t LF357
NN g " N At
N 1 = ERERENl LN T
T N £ w0 1 NN
o
> [
\\ J oS 40 41 i - NN Lo
~ = 1 1
10 100 1k 10k 100k 1M 10M 10k 100 k ™ 1M
f, FREQUENCY {H2) f, FREQUENCY (Hz)
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40

g I
=
= (=]
Ta=25% £ 120 T = 2500
Vec=18V & Vep =15V
VEg=-15V =
Pasitive S 100 NN —+ r_»v55=-15v<y___
Supply E \ N Positive Supply ‘f
@ 80 +
NN 2L NN N 1567
\\ \\ 2 o AN AN,
=
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Supply —™ ; F Ne;auve Supply \
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= LF356 N
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f, FREQUENCY (Hz} f, FREQUENCY (H2)
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FIGURE 27 — (LF355 SERIES}

POWER SUPPLY VOLTAGE REJECTION RATIO

FIGURE 28 — (LF356 AND LF357 SERIES)

FIGURE 29 — (LF355/356/357 SERIES)

EQUIVALENT NOISE VOLTAGE

FIGURE 30 {EXPANDED SCALE)

2
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Tl N g
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- vee =15V 4HHH o 80
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o
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL CIRCUIT CONNECTIONS

FIGURE 31 — DRIVING CAPACITIVE LOADS FIGURE 32 — LARGE POWER BANDWIDTH AMPLIFIER

5.0 k
ANA,

*LF355/6 R = 5.0 k
LF357 R = 1.25k

R*

_[_ LF355/6/7

Vin
+2.0 V r ’ 3
20V VEE _IL

Due to a unique output stage design these amplifiers have the
ability to drive large capacitive loads and still maintain stability.
CL(max) = 0.01 uF.

Co
0.01 uF

o

I

1.0V
-1.0Vv

Overshoot < 20% For distortion < 1% and a 20 Vp-p V¢
Settling time (tg) = 5.0 us swing, power bandwidth is: 500 kHz.
FIGURE 33 — INPUT OFFSET VOLTAGE ADJUSTMENT FIGURE 34 — SETTLING TIME TEST CIRCUIT
2.0k,01%
Vee A
? 10V r‘ +15V
o 2k,0.1%
*400, 0.1%
' 2
{ LF355/617
5.0k, 0.1% <

*1.0k, 01%9

© Summing
VEE Node

+15 Vv

® Settling time is tested with the LF355/6
connected as unity gain inverter and LF357
connected for Ay = -5

2N4416

Vo is adjusted with a 25 k potentiometer

® The potentiometer wiper is connected to Vg

® For potentiometers with temperature coefficient of 100
ppm/°C or less the additional drift with adjust is =~ 0.5 uV/
°¢/mV of adjustment.

® Typical overall drift: 6.0 uV/°C (0.5 uv/°C/mv

of adjustment.)

Oscitloscope

@ FET used to isolate the probe capacitance

— — e Output = 10V step
*Ay = -5 for LF357

FIGURE 35 — NONINVERTING UNITY GAIN FIGURE 36 — INVERTING UNITY GAIN FOR LF357
OPERATION FOR LF357
R2 R2
R1C® —— RIC> ——t
7 (2m)(5 MHz) R2 {2m)(5 MHz)
c _R2+Rg < R2
"1 —O Rl=—F— a1 O R1=—7=
A LF357 Avioe) = 1 1 T LF357 AVIDE) = -1
f-3d8 ~ 5 MHz f.348 ~ 5 MHz
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL APPLICATIONS

FIGURE 37 — WIDE BW, LOW NOISE,
LOW DRIFT AMPLIFIER FIGURE 38 — ISOLATING LARGE CAPACITIVE LOADS

R2 51k

{ FO Vout
fax = 240 kHz

R1 10V

Vin -1V 12V L cL
c1:3z O 0 I 0.5 uF
L -2V =
® Overshoot 6%
Sr tg= 10O us
© Power BW: fmax = zva = 240 kHz ® When driving large C| , the Vg slew rate is determined by Cy

and lgut(max)*
@ Parasitic input capacitance (C1 = 3 pF for LF355, LF356, and LF357 plus any

layout interacts with fesdback and creates un- AVout_ lout _ 0.02 »
high frequency pole. To add C2 such that: R2C2 = RIC1. “2ut= 2= O V/us = 0.04 V/us (with CL_shown)
L .
FIGURE 39 — 8-BIT D/A WITH OUTPUT CURRENT FIGURE 40 — PRECISION CURRENT MONITOR
Vee TO VOLTAGE CONVERSION s
13 $ —
MSB 5 14 R14 T
Al O? Viet I
A2 07 15 Ve = 2.0 Vac Vece =
A3 O —-0-——'\/W——1a14= R15 = 1.0 k2 System
o= R15 Ro = 5.0 kS2
440757 mc1aosL-8 ="0
AS O7g 1
A6 07 =
A7 OTz— 2N4092
A8 O—
LsB Vo Vo = 5 R1/R2 (V/mA of Ig)
16 3 5k ® R1, R2 R3: 0.1% Resistors
15 — ® Use LF355 for —
pF VEE 4 Common-Mode Range to Supply Range
Theoretical Vg 4 Low g
Adjust V¢, R14 or Rq 5o that Vo with all digital inputs at high 4 Low Supply Current
level is equal to 9.961 volts.
Dl e SR U S L e | GH IMPEDANCE, LOW DRIFT
7Tk 2" 38 1632 6a " 128 * 256 FIGURE 421_— HlEH | TIOD AME'L IH:;
—10v[25)- o081 v s1sy o NSTRUMENTATION AMP
256 a1
7 LF355

FIGURE 41 — LONG INTERVAL RC TIMER
O t15V

&

A3
LM308A

Polystyrene Capacitor

RS % *Polycarbonate or

Time (1) = RACAN(VR/VR-V(), Rz = Rq, Rg = 0.1 R6
If R1 = R2: t = 0.693 R4C

® Vout = RIR[ZR2RT + 1]

AV, VEg + 2V < Vj, common-mode < Vcc
e System V| Adjusted via A2 V|Q Adjust
@ Trim R3 to Boost up CMRR to 120 dB

Design Example: 100 Second Timer
VgR=10V C=1uF R3=R4 =144 M
R6 = 20 k R5 =2k R1=R2=1k
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MOTOROLA
B SEMICONDUCTOR
TECHNICAL DATA

LOW OFFSET, LOW DRIFT JFET INPUT
OPERATIONAL AMPLIFIER

Through innovative design concepts and precision matching
this monolithic high speed JFET input operational amplifier family
offers very low input offset voltage as well as low temperature
coefficient of input offset voltage. The amplifier requires less than
3.4 mA per amplifier of supply current yet exhibits greater than
2.7 MHz of gain bandwidth product and more than 8.0 V/us slew
rate. Through the use of JFET inputs the amplifier has very low
input bias currents and low input offset currents. The amplifier
utilizes industry standard pinouts which afford the user the oppor-
tunity to directly upgrade circuit performance without the need
for redesign.

The LF411C and LF412C are availabie in the industry standard
plastic 8-pin DIP and SO-8 surface mount packages, and specified
over the commercial temperature range.
® Low Input Offset Voltage: 2.0 mV Max (Single)

3.0 mV Max {Dual)
e Low T.C. of Input Offset Voltage: 10 uV/°C
® Low Input Offset Current: 20 pA
® Low Input Bias Current: 60 pA
® Low Input Noise Voltage: 18 nV/\ 'Hz
® Low Input Noise Current: 0.01 pA/\vHz
® Low Total Harmonic Distortion: 0.05%
® Low Supply Current: 2.5 mA
® High Input Resistance: 1012 0
® Wide Gain Bandwidth: 8.0 MHz
® High Slew Rate: 25 V/us {Typ)
.

Fast Settling Time: 1.6 us (to within 0.01%)

ORDERING INFORMATION

LF411C
LF412C

SINGLE/DUAL JFET
OPERATIONAL
AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

*

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

( Op Amp Test Temperature
Function Device Range Package
Single LF411CD 0°C to +70°C SO-8
LF411CN Plastic DIP
Dual LF412CD 0°C to +70°C SO-8
LF412CN Piastic DIP

LF411C

Offset Null [8}NC

VEE [4] [5] Offset Null

Single, Top View

LF412C
R YA

Output 1 E ;E Vee
E 1 7] Output 2
Inputs 1
3 6
D 2 Inputs 2
VEE E 5

(Dual, Top View)

MOTOROLA LINEAR/INTERFACE DEVICES
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MAXIMUM RATINGS

LF411C, LF412C

Rating Symbol Value Unit
Supply Voltages Vee IVEE: +18 Volts
Input Differential Voltage Range (Note 1) ViDR =30 Volts
Input Voltage Range (Note 1} VIR +15 Volts
Output Short-Circuit Duration (Note 2) tg Indefinite Seconds
Maximum Junction Temperature Ty 150 [
Operating Ambient Temperature Range Ta 0to 70 C |
Thermal Resistance LF411CN-412CN RuJA 100 C Watt
(Junction to Ambient) LF411CD/412CD 180 B
Storage Temperature Tstg 60 tc ~ 1504L C ]
Maximum Power Dissipation Pp (Note 2) LmW

NOTES:

. Input voltages should not exceed V¢ or VEE.

2. Power dissipation must be considered to ensure maximum junction temperature (T ) is not
exceeded.

3. Measured with Vcg and VEg simultaneously varied

REPRESENTATIVE CIRCUIT SCHEMATIC
(Each Amplifier)

Output
o | l vee
+ 183
Q2 |

- Q4 Qs < |
A A N || |
Q6 | I
|
- 41 J2 | |
inputs } | |
to— Q17 | |
Q20 | |
[ | J3 I
4 Qs Q19 Q23 | I
2 | I
Qia 1 I |
Q21 | |
‘) Q22( 024 | |
|
a2y Q13 016 : |
a1} al 1{% Lios as = 025;
' |
| [
a8y II '
Offset | At ] |
Null 1 3 | |

LFa11C 3 3 | | Vee

only lL 1 -0
o | Bias Circuitry |
Common to All
Amplifiers

MOTOROLA LINEAR/ANTERFACE DEVICES
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LF411C, LF412C

DC ELECTRICAL CHARACTERISTICS (Vce = +15V, Vgg = ~15V, Ta = 0°C to 70°C unless otherwise noted)

Characteristics SymbolT Min Typ Max Unit
Input Offset Voltage (Rg = 10k}, Vop = 0V, Vg = 0V) Viol mV
LF411 — 0.5 2.0
LF412 — 1.0 3.0
Average Temperature Coefficient of Input Offset Voltage AV AT uVrec
(Rg = 10Kk(L, Vcpm = 0V, Vg = 0 V) — 10 —
input Offset Current (Vg = OV, Vo = O V) ho
LF411 Tp = 25°C — 20 100 pA
TA = 0°C to 70°C — — 2.0 nA
LF412 Tp = 25°C — 25 100 pA
Ta = 0°C to 70°C — — 2.0 nA
Input Bias Current (Vo = 0 V) B
LFA11 Tp = 25°C — 0.6 200 pA
Ta = 0°C to 70°C — — 4.0 nA
LF412 Tp = 25°C —_ 0.5 200 pA
TA = 0°C to 70°C — —_ 4.0 nA
Large Signal Voltage Gain (Vg = =10V, R = 2.0 k(1) AvoL | Vmv
LF411 Tp = 25°C 25 80 —
Ta = 0Cto 70C 15 —_ —
LFA12 Tp = 25°C 25 150 —
| Ta = 0Cto70C 15 — —
Output Voltage Swing (Vip = = 1.0V, R = 10 k{}) \
LF411 Vo+ 12 139 —
Vo- — -147 -12
LF412 Vo + 12 14 —
Vo - — -14 ~12
Common Mode Input Voltage Range (Vg = 0V} VICR v
LFa11 -1 +~14 -Nn
—_— -14 —
LF412 +11 +15 -1
— -12 —
Common Mode Rejection (Vcpm = =11V, Rg = 10 k(1) CMR dB
LF411 70 90 —
LF412 70 100 —
Power Supply Rejection (Note 3) PSR dB
IVcCVEE = -15V -15Vto +50V -50V)
LF411 70 86 —
LFa12 70 100 —
i Power Supply Current (Vg = 0 V) Ip mA
| LFam - 25 3.4
| LFa12 — 28 6.8
AC ELECTRICAL CHARACTERISTICS (Vce = +15V, VEg = —15V, To = 25°C unless otherwise noted)
Characteristics T Symbol Min Typ Max Unit
Slew Rate (Vi = ~10Vto =10V, R = 2.0k}, Ay = - 1.0 SR Vius
LF4M 8.0 25 —
LF412 8.0 13 —
Gain Bandwidth Product GBW MHz
LF411 27 8.0 —
LF412 2.7 4.0 —
Channel Separation (f = 1.0 Hz to 20 kHz, LF412) CS — - 120 — dB
Ditferential Input Resistance (Vepm = 0 V) Rin — 1012 . ki)
Equivalent Input Voltage Noise (Rg = 100 2, f = 1.0 kHz) en nVv.\ Hz
LF411 — 30 —
LF412 — 25 —
Equivalent Input Noise Current (f = 1.0 kHz) in pAN Hz
LF411 — 0.01 —
LF412 — 0.01 —

MOTOROLA LINEAR/INTERFACE DEVICES
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MOTOROLA LF441C
me SEMICONDUCTOR LF442C

TECHNICAL DATA LF444C
LOW POWER JFET INPUT
LOW POWER
OPERATIONAL AMPLIFIER JEET INPUT
These JFET input operational amplifiers are designed for low OPERATIONAL AMPLIFIERS

power applications. They feature high input impedance, low input
bias current and low input offset current. Advanced design tech-
niques allow for higher slew rates, gain bandwidth products and
output swing. The LF441C device provides for the external null
adjustment of input offset voitage.

SILICON MONOLITHIC
INTEGRATED CIRCUITS

These devices are specified over the commercial temperature

range. All are available in plastic dual in-line and SOIC packages.

® Low Supply Current — 200 pA/Amplifier 8%
® Low Input Bias Current — 5.0 pA R 3
1

® High Gain Bandwidth — 2.0 MHz

® High Slew Rate — 6.0 V/us N SUFFIX D SUFFIX
e High Input Impedance — 1012 0 PLASTIC PACKAGE  PLASTIC PACKAGE
CASE 626 CASE 751

® Large Output Voitage Swing — =14 V (S0-8)
® Output Short Circuit Protection

Offset Nuli [ [JNC

(Single, Top View)

Output 1[1} b Vee
Output 2
Inputs 1 'E 1 7 Outpu
g 2 B’ Inputs 2
VEe @ %)

(Dual, Top View)

1 1

N SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 646 CASE 751A

(50-14)

Output 1 [} (4 Output 4
ORDERING INFORMATION N
Op Amp Tested Inputs 1 ‘ ’D Inputs 4
Function Device Temperature Range Package vee i b Vee
Single LFa41CD S0-8
9 LFa41CN Plastic DIP Inputs 2 ‘ - l Inputs 3
LF442CD Ry S0-8
Dual LF442CN 0to +70°C Plastic DIP Output 2 (3] Output 3
LF444CD SO-14 (Quad, Top View)
Quad LF444CN Plastic DIP

MOTOROLA LINEAR/INTERFACE DEVICES
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MAXIMUM RATINGS

LF441C, LF442C, LF444C

Rating Symbol Value Unit
Supply Voltage (from V¢ to VEE) Vs \
Input Differential Voltage Range (Note 1) VIDR \
Input Voltage Range {Notes 1 and 2) VIR \
Output Short-Circuit Duration (Note 3) ts Indefinite Seconds
Operating Junction Temperature (Note 3) Ty °C
Storage Temperature Range Bg —60to +150 °C

NOTES:

1. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
2. The magnitude of the input voltage must never exceed the magnitude of the supply or 15 volts, whichever is less.

EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER)

— .

m junction temperature {TJ) is not exceeded. {See Figure 1.}

3. Power di must ed to ensure T
—O0—d st
Inputs |
+O0—

a1

R1

Q3

O Vee

O VEE

_——— — y'S

*Null adjustment pins for
LF441 only.

5 1s5k0
100 kQ2

null adjust circuit

LF441C input offset voltage

VEE

MOTOROLA LINEAR/INTERFACE DEVICES
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LF441C, LF442C, LF444C

DC ELECTRICAL CHARACTERISTICS (Ve = +15V, VEg = —15V, TA = 0°C to +70°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Rg = 10 k(}, Vo = 0V} Vio mV
Single
Ta = +25°C — 3.0 5.0
TA = 0°Cto +70°C — — 7.5
Dual
Ta = +25°C — 3.0 5.0
Ta = 0°Cto +70°C - — 7.5
Quad
Ta = +25°C — 3.0 10
Ta = 0°Cto +70°C — — 12
Average Temperature Coefficient of Offset Voitage (Rg = 10 k2, Vo = 0 V) | AV|o/AT — 10 — uvrc
Input Offset Current (Vem = 0V, Vg = 0 V) ho
Ta = +25C — 0.5 50 pA
TA = 0°Cto +70°C — — 15 nA
Input Bias Current (Vepm. = 0V, Vg = 0 V) I3}
Ta = +25°C — 3.0 100 pA
TA = 0°Cto +70°C — — 3.0 nA
Common Mode Input Voltage Range (Tp = +25°C) VicrR —_ +14.5 +11 v
-1 -12 —
Large Signal Volitage Gain (Vg = =10V, R = 10 kQ} AyvoL vimv
Ta = +25°C 25 60 —
Ta = 0°Cto +70°C 15 — —
Output Voltage Swing (R = 10 k() Vo+ +12 +14 — \
Vo- — -14 -12
Common Mode Rejection (Rg < 10 k), Vepm = V|cR, Vo = 0V) CMR 70 86 — dB
Power Supply Rejection (Rg = 100 2, Vem = 0V, Vg = 0V) PSR 70 84 — dB
Power Supply Current (No Load, Vo = 0 V) D nA
Single — 200 250
Dual — 400 500
Quad — 800 1000

AC ELECTRICAL CHARACTERISTICS (Vo = +15V, VEg = —15V, TA = +25°C, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Slew Rate (Vi = —10Vto +10V, R = 10k, CL = 10 pf, Ay = +1.0) SR 0.6 6.0 - Vius
Settling Time To within 10 mV tg - 1.6 — LS

(Ay = —1.0,R. = 10kQ, Vo = 0Vto +10V) To within 1.0 mV — 2.2 —

Gain Bandwidth Product (f = 200 kHz) GBW 0.6 2.0 — MHz
Equivalent Input Noise Voltage (Rg = 100 Q, f = 1.0 kHz) en — 47 — nViVHz
Equivalent Input Noise Current (f = 1.0 kHz) in — 0.01 - pAVHzZ
{nput Resistance Ri — 1012 — Q
Channel Separation (f = 1.0 Hz to 20 kHz) Ccs — 120 — dB

MOTOROLA LINEAR/INTERFACE DEVICES
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1000 I
Veo = +15V ‘]
__ 100 VEg = — 15V
2 Vem =0V
z 10 p
S 0 /
o
3 e
—
20 A
=
) 7
- o; /
-'/
0,00 b= — ™
—55 -25 0 % 50 7 100 125

Vicr, POSITIVE INPUT COMMON-MODE

Pp, MAXIMUM POWER DISSIPATION (mW)

LF441C, LF442C, LF444C

TYPICAL PERFORMANCE CURVES

FIGURE 1 — MAXIMUM POWER DISSIPATION versus
TEMPERATURE FOR PACKAGE VARIATIONS

FIGURE 2 — INPUT BIAS CURRENT

versus INPUT COMMON-MODE VOLTAGE

2400 2 L
}
2000 _ Voo = +15V
8 & 14 PIN PLASTIC PKG. S VEg = — 16V
1600 NI = Tp = 25°C /
1200 4 5911 G 3 4
™ 2
800 H-50-8 PKG 5
- - - =2
= \: ] Z 50 //
™~ @
400 £ A
0
~85-40 —20 0 20 40 60 8 100 120 140 160 ~10 ~50 0 50 10

VOLTAGE RANGE (VOLTS)

Ta, AMBIENT TEMPERATURE (°C)

FIGURE 3 — INPUT BIAS CURRENT versus TEMPERATURE

Ta, AMBIENT TEMPERATURE (°C)

FIGURE 5 — POSITIVE INPUT COMMON-MODE VOLTAGE
RANGE versus POSITIVE SUPPLY VOLTAGE

1] “

T T
—55°C < Tp = 125°C 7

5.0

5.0 10 15
Ve, POSITIVE SUPPLY VOLTAGE (VOLTS)

20

VicR. INPUT COMMON-MODE VOLTAGE (VOLTS)

FIGURE 4 — SUPPLY CURRENT versus SUPPLY VOLTAGE

300

[
B
S

20
20

125°C

25°C

@
S

—-55°C

=
5

Ip, SUPPLY CURRENT PER AMPLIFIER (1A}

=1
S
o

50

10 15

2 25

Ve, IVEgl SUPPLY VOLTAGE (VOLTS)

FIGURE 6 — NEGATIVE INPUT COMMON-MODE VOLTAGE
RANGE versus NEGATIVE SUPPLY VOLTAGE

]

w T T
é —55°C < Tp < 125°C e
= 1
=z ﬂ 4 //
S8 L’
==
Sy
=z
g "
w9

<
E5
b R=]
38 -50
z
[~
L
>

0
0 ~50 Ty % 2

Vg, NEGATIVE SUPPLY VOLTAGE (VOLTS)
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LF441C, LF442C, LF444C

FIGURE 7 — OUTPUT VOLTAGE versus OUTPUT SOURCE FIGURE 8 — QUTPUT VOLTAGE versus OUTPUT SINK
CURRENT CURRENT

» ' o 1
Vec = +15V Voo = +15V
Vg = - 15V VEE = —15V

125°C
—55°C 25°C \

\
+

0 10 20 3.0 40 5.0 6.0 70 8.0 0 20 40 60 80 10 12 14 6 18 2
lo. OUTPUT SOURCE CURRENT {mA) ~ o, OUTPUT SINK CURRENT [mA)

|
&

>

~ ~55°C

126°C 5°C \

L

o
o>
|
o
=

V0. OUTPUT VOLTAGE (VOLTS)
=
|t
—

Vo, OUTPUT VOLTAGE (VOLTS)
|

FIGURE 9 — OUTPUT VOLTAGE SWING FIGURE 10 — OUTPUT VOLTAGE SWING
versus SUPPLY VOLTAGE versus LOAD RESISTANCE

T
RL = 10kQ l s —
—56°C < Ty < 125°C

Ve = +15V
/7 VEg = —15V
el Tp=2C
E N4 A |
1 [
0 20 40 6.0 8.0 10 12 14 16 1.0K 20K 30K 40K 60K 80K 10K
Vee, [Vegl SUPPLY VOLTAGE (VOLTS) Ry, LOAD RESISTANCE (©2)

V0, OUTPUT VOLTAGE SWING (Vip.p)
8
V(. OUTPUT VOLTAGE SWING (Vp.p)

o
o

o

FIGURE 11 — NORMALIZED GAIN BANDWIDTH FIGURE 12 — OPEN-LOOP VOLTAGE GAIN AND PHASE
PRODUCT versus TEMPERATURE versus FREQUENCY

'S

—
Veg = +15V 2 90
Vgg = —15V
Ry = 10kQ
CL = 100 pF

w

)

135

3
=
VA

S~

<
w©
I
1
L

Voo = +15V
—101— Vgg = —15V ™ 25
| R = 10k N
CL = 100 pF
~20p—Ta = 25°C
1 1
—-75 -5 -2 0 25 50 75 100 125 0.1 1.0

Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (MHz)

®
E

1o
2

¢, EXCESS PHASE (DEGREES)

=3
<

~
PN
S

GBW, NORMALIZED GAIN BANDWIDTH PRODUCT
>
AyoL. OPEN-LOOP VOLTAGE GAIN (dB)
o
8

b
o

3
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LF441C, LF442C, LF444C

FIGURE 14 — TOTAL OUTPUT DISTORTION versus

FIGURE 13 — SLEW RATE versus TEMPERATURE FREQUENCY
80 25 T
Vee = +18V
o VEg = ~15V
70 g2 Ta = 5T
= -~" I~ g
s < hg £
= N 15
R . 2
E 60 0 &
& N 5
o ) a 1.0
@D N 5
3 Vee = +15V \ o
@ 50— vgg = 16V 905 Ay = 100
RL = 10k =0 =10 v
Ay = +10 Y A
40 ] | 0
75 -5 -2 0 % 50 75 100 125 10 100 T0K 10K 100K
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LF441C, LF442C, LF444C

FIGURE 19 — INPUT NOISE VOLTAGE versus FREQUENCY
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FIGURE 21 — OUTPUT IMPEDANCE versus FREQUENCY
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versus SUPPLY VOLTAGE
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LF441C, LF442C, LF444C

SMALL SIGNAL RESPONSE

FIGURE 23 — INVERTING FIGURE 24 — NON-INVERTING

Vgo = +15V
Vgg = —15V
RL = 10kQ
CL = 10pF
Ay = —10

Vo, OUTPUT VOLTAGE (50 mV/DIV)
Vo, OUTPUT VOLTAGE {50 mV/DIV)

t, TIME (0.5 ps/DIV) t, TIME (0.5 us/DIV)

LARGE SIGNAL RESPONSE

FIGURE 25 — INVERTING FIGURE 26 — NON-INVERTING

V. OUTPUT VOLTAGE (5.0 V/DIV)
o
V0o, OUTPUT VOLTAGE (5.0 V/DIV}

t, TIME (2.0 psiDIV) t, TIME {2.0 us/DIV)
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MOTOROLA
m SEMICONDUCTOR I LM11C
TECHNICAL DATA LM1 1c|_

PRECISION OPERATIONAL AMPLIFIERS PRECISION

OPERATIONAL AMPLIFIERS
The LM11C is a precision, low drift operational amplifier pro-

viding the bgst features of existir?g FET and Bipolar. op amps. lsr\ll“-rlgc?l'i“ArE%N((:)l:g;:?

Implementation of super gain transistors allows reduction of input

bias currents by an order of magnitude over earlier devices such

as the LM108A. Offset voltage and drift have also been reduced.

Although bandwidth and slew rate are not as great as FET devices,
input offset voltage, drift and bias current are inherently lower,
particularly over temperature. Power consumption is also much
lower, eliminating warm-up stabilization time in critical

applications. 8 8

Offset balancing is provided, with the range determined by an 1 1
external low resistance potentiometer. Compensation is provided N SUFFIX J-8 SUFFIX
internally, but external compensation can be added for improved PLASTIC PACKAGE CERAMIC PACKAGE
stability when driving capacitive loads. CASE 626 CASE 693

The precision characteristics of the LM11C make this device
ideal for applications such as charge integrators, analog memo-
ries, electrometers, active filters, light meters and logarithmic

amplifiers.

® Low Input Offset Voltage: 100 pV P ——

® Low Input Bias Current: 17 pA

® [ow Input Offset Current: 0.5 pA M';TS :LF ?:\(N

® Low Input Offset Voltage Drift: 1.0 uv/C CASE 601

® Long-Term Stability: 10 pViyear M e oS¢ Connected To Ve
® High Common Mode Rejection: 130 dB

} (6) Output
Inputs d

Compensation

VEE
(Top View)

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Ve to VEE 40 Vdc
Differential Input Current (Note 1) IIp =10 mA a
1

Qutput Short-Circuit Duration (Note 2) tg Indefinite
- J SUFFIX
Power Dissipation (Note 3) Pp 500 mw CERAMIC PACKAGE
Operating Junction Temperature Ty 85 °C CASE 632
Storage Temperature Range Tstg °C
Metal and Ceramic Packages —-65to +150
Plastic Package —55to +125

ORDERING INFORMATION

Operating Ambient
Device Temperature Range Package
LM11CLN, CN Plastic 8-Pin DIP Top view)
LM11CLJ-8, CJ-8 0to +70°C Ceramic 8-Pin DIP *Unused pin (no internal connection) to allow
LM11CLJ, CJ Ceramic 14-Pin DIP for input anti-leakage guard ring on printed
LM11CLH, CH Metal Can circuit board layout.
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LM11C, LM11CL

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted [Note 4])

LM11C LM11CL
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio — 0.2 0.6 — 0.5 5.0 mV
Tiow o Thigh — - 0.8 — — 6.0
Input Offset Current ho — 1.0 10 — 4.0 25 pA
Tiow to Thigh — — 20 —_ — 50
Input Bias Current IT:} — 17 100 — 17 200 pA
Tiow o Thigh — — 150 — — 300
Input Resistance Y — 1011 — — 1011 — Q
Input Offset Valtage Drift AV|o/AT — 2.0 5.0 — 3.0 — uVvree
Tiow 10 Thigh
Input Offset Current Drift Aljg/AT - 10 — — 50 - fA/°C
Tiow t© Thigh
Input Bias Current Drift Allg/aT — 0.8 3.0 — 14 — pArC
Tiow t0 Thigh
Large Signal Voltage Gain AyoL V/imV
Vg = =15V, Vot = +12V, 100 300 — 25 300 -
loyt = *2.0 A
Tiow 10 Thigh (Note 5) 50 — — 15 — —
Vg = 215V, Vgyt = =12V, ) 250 1200 — 50 800 —
lout = =0.5mA
Tiow 10 Thigh 100 — — 30 — —_
Common Mode Rejection Ratio CMRR dB
Vg = 15V, -13VsVems14V 110 130 — 96 110 —
Vg = 16V, 125 V=Vgcpm=<14 YV,
Tiow 10 Thigh 100 — — 90 — —
Power Supply Rejection Ratio PSRR dB
+25V=sVg=sx20V 100 118 — 84 100 —
Tiow t© Thigh 96 — — 80 — —
Power Supply Current Ip — 0.3 0.8 — 0.3 0.8 mA
Tiow 0 Thigh — — 1.0 — — 1.0
Output Short-Circuit Current los — +10 — — =10 — mA
Ty = 150°C, Output Shorted to Ground
NOTES:

. The inputs are shunted by back-to-back diodes for over-voltage protection. Excessive current will flow if the input differential voltage is in
excess of 1.0 V if no limiting resistance is used. Additionally, a 2.0 k{} resistance in each input is suggested to prevent possible {atch-up
initiated by supply reversals.

2. The output is current limited when shorted to ground or any voltages less than the supplies. Continuous overloads will require package
dissipation to be considered and heatsinking should be provided when necessary.

3. Devices must be derated based on package thermal resistance (see package outline dimensions).

4. These specifications apply for VEg + 2.0 V=Vem=Vce — 1.0V (VEg + 25 V=Vem=Vce — 1.0 Vfor Tigy to Thigh) and =2.5V<Vg=< =20V

Tiow to Thigh: 0°C=Tj= +70°C for LM11C and LM11CL
5. Vout = =11.5V, all other conditions unchanged.

MOTOROLA LINEAR/INTERFACE DEVICES

2-39



LM11C, LM11CL

Tc, CASE TEMPERATURE (°C)

SCHEMATIC DIAGRAM
Balance Compensation
79
Q9 Q10
7.5k
17.4 k 17.4k
: 7.0k Q17 Q18
3.0 pF :F
L S p
¢ h
b: 2
Q7 Q8 l— Q28 I.—-‘
Qs Q6 | :
30 L
- O— Q1 Q2 8ok Q16 pF
Q3 Q4
Inputs 20k 20k 2.0k
$
+ ot Q25 Q26
7.0k
W 1.0k 1.0 k 3
an —5015 v
d cC
Q12 473 VEE 21
Q20
Q14
Q24 50 k
20 k
Q22 Q23
6.2k 362
1.2k
—O Vgg
FIGURE 1 — INPUT BIAS CURRENT FIGURE 2 — INPUT OFFSET CURRENT
versus CASE TEMPERATURE versus CASE TEMPERATURE
50 40
o 1
g %0 y-\‘\ g 30 Curve 1, VOO/VEE = 220V
s 2 VCOVEE= *20V = 2,VeoVEE = =25V
o B £
é 10 — E
g2 0 < b2
S N £
— —10 S
= -
= VecVEe = +25V 2 % /
< Z 10
2.3 E E
-40
-50 0 —
-50 -25 0 25 5 75 100 125 150 -50 -25 0 25 50 75 100 125 150

Tc. CASE TEMPERATURE (°C)
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TcVin, TEMPERATURE COEFFICIENT OF
INPUT OFFSET VOLTAGE (uV/°C)

COMMON-MODE LIMITS (V)

AyoL. OPEN LOOP VOLTAGE GAIN (dB)

2

LM11C, LM11CL

FIGURE 3 — TEMPERATURE COEFFICIENT OF
INPUT OFFSET VOLTAGE versus INPUT OFFSET VOLTAGE

FIGURE 4 — SPECTRAL NOISE DENSITY

T T T 1 B 1 1 1
VCCVEE = =20V —;—7 VOGVEE = +15V —
i Al = —25°10 125 15 Ay = 10 Rg=100 k2
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= 120
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16 40
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~6.0 -4.0 -20 0 20 40 6.0 10 100 10k 10k 100 k
V|0, INPUT OFFSET VOLTAGE (mV) @ 25°C 1. FREQUENCY (Hz)
FIGURE 5 — COMMON-MODE LIMITS FIGURE 6 — COMMON-MODE REJECTION AND
versus TEMPERATURE SLEW LIMIT versus FREQUENCY
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LM11C, LM11CL

FIGURE 9 — POWER SUPPLY REJECTION RATIO
versus FREQUENCY

FIGURE 10 — SUPPLY CURRENT versus
SUPPLY VOLTAGE
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FIGURE 11 — OPEN LOOP VOLTAGE GAIN AND PHASE FIGURE 12 — SLEW RATE versus
versus FREQUENCY EXTERNAL COMPENSATION CAPACITOR
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FIGURE 13 — CLOSED LOOP OUTPUT IMPEDANCE
versus FREQUENCY

1.0k
JP‘
100 / /
VCOVEE = +15V
Ay =1000 logt = £1.0 mA
10 /
10 /
//Av=1 0
0.1 v
0.01
10 100 1.0k 10 k 100 k 1.0M 10 M

{, FREQUENCY (Hz)

MOTOROLA LINEAR/INTERFACE DEVICES

2-42



LM11C, LM11CL

APPLICATIONS INFORMATION

Due to the extremely low input bias currents of this
device, it may be tempting to remove the bias current
compensation resistor normally associated with a sum-
ming amplifier configuration. Direct connection of the
inputs to a low impedance source or ground should be
avoided when supply voltages greater than approxi-
mately 3.0 volts are used. The potential problem
involves reversal of one supply which can cause exces-
sive current to flow in the second supply. Possible
destruction of the IC could result if the second supply
is not current limited to approximately 100 mA or if
bypass capacitors greater than 1.0 uF are used in the
supply bus.

Disconnecting one supply will generally cause rever-
sal due to loading of the other supply within the IC and
in external circuitry. Although the probtem can usuaily
be avoided by placing clamp diodes across the power
supplies of each printed circuit board, a careful design
will include sufficient resistance in the input leads to

-limit the current to 10 mA if the input leads are pulled
to either supply by internal currents. This precaution is
not limited to only the LM11C.

The LM11C is capable of resolving picoampere level
signals. Leakage currents external to the IC can severely
impair the performance of the device. It is important
that high quality insulating materials such as teflon be
employed. Proper cleaning to remove fluxes and other
residues from printed circuit boards, sockets and the
device package are necessary to minimize surface
leakage.

When operating in high humidity environments or
temperatures near 0°C, a surface coating is suggested
to set up a moisture barrier.

Leakage effects on printed circuit boards can be
reduced by encircling the inputs (both sides of p.c.
board) with a conductive guard ring connected to a low
impedance potential nearly the same as that of the
inputs.

The suggested printed circuit board layout for input
guarding is shown in Figure 14. Guard ring electrical
connections for common operational amplifier config-
urations are illustrated in Figure 15. For critical appli-

cations, a 14-pin dual in-line package is available with
guard pins {internally unconnected) adjacent to the

inputs for minimal package leakage effects.

Electrostatic shielding is suggested in high-imped-

ance circuits.

Error voltages in external circuitry can be generated
by thermocouple effects. Dissimilar metals along with
temperature gradients can set up an error voltage rang-
ing in the hundreds of microvolts. Some of the best
thermocouples are junctions of dissimilar metals made
up of IC package pins and printed circuit boards. Prob-
lems can be avoided by keeping low level circuitry away

from heat generating elements.

The LM11C is internally compensated, but external
compensation can be added to improve stability, par-

ticularly when driving capacitive loads.

FIGURE 14 — SUGGESTED PRINTED
CIRCUIT BOARD LAYOUT FOR INPUT GUARDING

USING METAL PACKAGED DEVICE
Balance

“\I7
Output 7 8 1
6

Compensation @ 5

4
Vee /

Guard

{Bottom View)

The above guard ring, required on both sides of the
board, is connected to a low impedance point of the
same potential as the sensitive inputs to reduce surface
leakage paths. Bulk leakage is reduced less, and
depends more on guard ring width.

FIGURE 15 — GUARD RING ELECTRICAL CONNECTIONS
FOR COMMON AMPLIFIER CONFIGURATIONS

Summing Amp (Inverting)

R1 R2 R1

Input

Output
Input

Non-Inverting

Voltage Follower

R2

Output Output

Input
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LM11C, LM11CL

FIGURE 16 — INPUT PROTECTION
FOR SUMMING (INVERTING) AMPLIFIER

FIGURE 17 — INPUT PROTECTION
FOR A VOLTAGE FOLLOWER

R3
Input O

R1

O Output

Current is limited by R1 in the event the input is
connected to a low impedance source outside the
common-mode range of the device. Current is con-

trolled by R2 if one supply reverses. R1 and R2 do not
affect normal operation.

R1 Output
Input

Input current is limited by R1 when the input exceeds

supply voltage, power supply is turned off, or output is
shorted.

FIGURE 18 — CABLE BOOT STRAPPING
AND INPUT SHIELDS

Output

Input

C

L

An input shield boot strapped in a voltage follower
reduces input capacitance, leakage, and spurious volt-
ages from cable flexing. A small capacitor from the
input to ground will prevent any instability.

Input O_Q_J

O Output

In a summing amplifier the input is at virtual ground.
Therefore the shield can be grounded. A small feedback
capacitor will insure stability.

FIGURE 19 — ADJUSTING INPUT OFFSET
VOLTAGE WITH BALANCE POTENTIOMETER

Vee
R
o— -
Inputs Output
o +

Minimum
Adjustment Range R
(mV) Q
+0.4 1.0k
+1.0 3.0k
+2.0 10 k
+5.0 100 k

input offset voltage adjustment range is a function of the Balance
Potentiometer Resistance as indicated by the table above. The
potentiometer is connected between the two ‘“Balance’ pins.

MOTOROLA LINEAR/INTERFACE DEVICES




MOTOROLA LM101A

m SEMICONDUCTOR maamamammmn LM201A
TECHNICAL DATA LM301A

OPERATIONAL AMPLIFIER
OPERATIONAL AMPLIFIER

A general purpose operational amplifier that allows the user to
choose the compensation capacitor best suited to his needs. With ;::‘:g;¥§: g:lzz:.(r:
proper compensation, summing amplifier slew rates to 10 V/us
can be obtained.
® Low Input Offset Current — 20 nA Maximum Qver

Temperature Range N SUFFIX J SUFFIX

® External Frequency Compensation for Flexibility PLASTIC PACKAGE CERAMIC PACKAGE
o Class AB Output Provides Excellent Linearity CASE 626 CASE 693
® Output Short Circuit Protection {LM201A and LM301A)

® Guaranteed Drift Characteristics

FIGURE 1 - STANDARD COMPENSATION FIGURE 2 - DOUBLE-ENDED LIMIT
AND OFFSET BALANCING CIRCUIT DETECTOR

1
D SUFFIX
veo %} PLASTIC PACKAGE
8N CASE 751

(50-8)

1

Vee

Inverting T @———0—

Input

Qutput
Noninverting
Input

Balance

Balance

S
10 MQ
b3

g 20k Vee Vo = 48V for (Top View)
= VLT @——o— VLT = V) = Yyt
Vg =-04V
VEE Wy < VpporVy s VT H SUFFIX
Pins Not Shown Are Not Connected METAL PACKAGE
CASE 601

Compensation
FIGURE 3 - REPRESENTATIVE CIRCUIT SCHEMATIC

Balance ? Compensation

JJ )J —o Vce

- O~
Inputs
+o—————

500 25 | Output VEE (Top View)

50 ORDERING INFORMATION
Temperature
p—t Device Range Package
LM101AH o o Metal Can
450 T K LM101AJ ~55°C 10 +125°C | oo amic DIP
LM201AD S0-8
40 k 40k 80k LM201AH 95C 10 +aEC Metal Can
LM201AN Plastic DIP
LM201AJ Ceramic DIP
1.0k
Wk 210k LM301AD $0-8
: —0 VEE LM301AH o . Metal Can
250 Batance b LM301AN 0°Cto +70°C Plastic DIP
LM301AJ Ceramic DIP
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LM101A, LM201A, LM301A

MAXIMUM RATINGS
VALUE
Rating Symbol LM101A LM201A LM301A Unit
Power Supply Voltage Vee: VEE +22 *22 *18 Vde
Input Differential Voltage VviD -t +30 - Volts
Input Common-Mode Range (Note 1) VICR - +15 —> Volts
QOutput Short-Circuit Duration tg «— Continuous ——————————»
Power Dissipation (Package Limitation) PD
Metal Can - 500 > mw
Derate above Tp = +75°C - 6.8 » | mW/rC
Plastic Dual In-Line Package  (LM201A/ — 625 625 mw
Derate above Tp = + 25°C 301A) — 5.0 5.0 mwWrC
Ceramic Package - 750 — mw
Derate above 25°C - 6.6 > | mWrC
Operating Ambient Temperature Range TA —-551t0 +125 —25to +85 0to +70 °C
Storage Temperature Range Tstg «—— -65to +150 ————> °C

Note 1. For supply voltages less than +15 V, the absolute maximum input voltage is equal to the supply voltage.
ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise noted.) Uniess otherwise specified, these specifications apply

for supply voltages from 5.0 V to £20 V for the LM101A and LM201A, and from 5.0 V to
+15 V for the LM301A.

LM101A
LM201A LM301A
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage {Rg < 50 k@) Vio — 0.7 2.0 — 2.0 75 mv
Input Offset Current o - 15 10 — 3.0 50 nA
Input Bias Current IT:] — 30 75 — 70 250 nA
Input Resistance T 1.5 4.0 _ 0.5 2.0 — Megohms
Supply Current IcCIEE mA
Vce/VEg = =20V - 1.8 3.0 . - —
VeCe/VEE = =15V — — — — 1.8 3.0
Large Signal Voltage Gain Ay 50 160 — 25 160 — v/imV
(Vcc/VEe = = 15V, Vo = 210V,
RL > 2.0 k})
The following specifications apply over the operating temperature range.
Input Offset Voltage (Rg =< 50 k) Vio - — 3.0 - — 10 mV
Input Offset Current o — — 20 —_ — 70 nA
Average Temperature Coefficient of AV|Q/AT — 3.0 15 — 6.0 30 wvrc
Input Offset Voltage
Talmin) < Tp < Talmax)
Average Temperature Coefficient of Aljo/AT nA/C
Input Offset Current
+25°C < TA < Ta{max) - 0.01 0.1 —_ 0.01 0.3
TA(min) < TA < 25°C — 0.02 0.2 — 0.02 0.6
Input Bias Current B — — 100 — — 300 nA
Large Signal Voltage Gain Ay 25 — — 15 — — VimV
(Vee/VEe = =15V, Vg = £ 10V,
R > 2.0 k(2)
Input Voltage Range \] \
VCCNVEE = =20V +15 —_ — — — —
Vce/VEg = =15V — — —_ *12 - —
Common-Mode Rejection Ratio CMRR 80 96 — 70 90 — dB
Rg = 50 k2
Supply Voitage Rejection Ratio PSRR 80 96 — 70 96 —_ dB
Rg =< 50 kQ
Output Voltage Swing Vo v
VCC/VEE = +15V, R = 10 k@, *12 +14 - +12 +14 —
RL = 20k +10 *13 _ *10 +13 —
Supply Currents (TA = Ta{max), Icc. lee — 1.2 25 —_ — — mA
VCC/VEE = +20 V)

MOTOROLA LINEAR/INTERFACE DEVICES

2-46



LM101A, LM201A, LM301A

TYPICAL CHARACTERISTICS
(Vcc = +15V, VEg = —15V, Tp = + 25°C unless otherwise noted.)

FIGURE 4 — MINIMUM INPUT VOLTAGE RANGE FIGURE 5 — MINIMUM OUTPUT VOLTAGE SWING
2 2
||| , N
= Applicable to the Specified 2 i i
[T ! 3 Applicable to the Specified
§ Operalm'g Temperature 2 % Operating Temperature
z anges H Ranges —
£ | g ., |
g [ LMI01A & ]
oo w
g Positive and 2 Minimum
S 80 3 80 R = 10k
5 )% : ~L 7
= e =3 »/\
£ 4 3 4 -
"3 Minimum
L R = 20k
0 0 1
0 50 0 50 10 15 20
Ve and (- VEg), SUPPLY VOLTAGE (VOLTS) Vee AND ( — Vgg), SUPPLY VOLTAGES (VOLTS)
FIGURE 6 — MINIMUM VOLTAGE GAIN FIGURE 7 — TYPICAL SUPPLY CURRENTS
10 ‘[ 25
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z 8 g s ]
3 s
8 — =
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=3 2
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0 0 | B
0 5.0 10 15 20 0 50 10 15 2
Vg AND — Vgg, SUPPLY VOLTAGES (VOLTS) Ve AND { — Vgg) SUPPLY VOLTAGE (VOLTS)
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ViR. VOR, VOLTAGE RANGE { +VOLTS)

VOLTS)

*

VR, OUTPUT VOLTAGE RANGE |+

LM101A, LM201A, LM301A

TYPICAL CHARACTERISTICS (continued)
(Vcc = +15V, VEg = — 15V, TA = +25°C unless otherwise noted.)

FIGURE 10 — VOLTAGE FOLLOWER PULSE RESPONSE
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FIGURE 12 — LARGE-SIGNAL FREQUENCY RESPONSE
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TYPICAL COMPENSATION CIRCUITS

FIGURE 14 — SINGLE-POLE COMPENSATON
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MOTOROLA LM108, LM108A
E SEMICONDUCTOR mEm—m LM208, LM208A
TECHNICAL DATA LM308, LM308A
’
PRECISION OPERATIONAL AMPLIFIERS
SUPER GAIN
The LM108/LM208/LM308 Series operational amplifiers provide OPERATIONAL AMPLIFIERS
high input impedance, low input offsets and temperature drifts,
and low noise. These characteristics are made possible by use of ﬁ\:h_'co'“ M%"g;’gjﬁ
a special Super Beta processing technology. This series of am- EGRATE
plifiers is particularly useful for applications where high-accuracy
and low-drift performance are essential. In addition high-speed
performance may be improved by employing feed-forward com- fp—
pensation techniques to maximize slew rate without compromis- FFL COMPEN
! Lo METAL PACKAGE
ing other performance criteria. CASE 601 8
The LM108A/LM208A/LM308A Series offers extremely low input
offset voltage and drift specifications allowing usage in even the
most critical applications without external offset nulling.
® Operation From a Wide Range of Power Supply Voltages INPUTS
® Low Input Bias and Offset Currents
® Low Input Offset Voltage and Guaranteed Offset Voltage Drift 81 (Top View)
Performance
@ High Input Impedance J SUFFIX
CERAMIC PACKAGE
CASE 632
FREQUENCY COMPENSATION "
Standard Compensation Moadified Compensation
R2 R2 NC 1 14 NC
) COMPEN A 2 13 NC
Inverting inverting A1 ~ *GUARD 3 12 COMPEN B
Input Output et Output 4 11 Vee
- u Non-
Inc‘snr:‘ing s Compen Inveor?ing " + Compen INPUTS 5 10 OUTPUT
Input 8 Input 8 *GUARD 6 9 NC
100 pF T
Ct= 30( RZ) = Veg 7 8 NC
TRy (Top View)
Standard Feedforward Feedforward Compensations for N SUFFIX
Compensation Decoupling Load Capacitance PLASTIC PACKAGE
10k 5 pF Rs > 10k 100 k CASE 626
Input Input W (LM208, LM208A)
2" 9 PF (LM308, LM308A Only)
0.01 uF
e Output
Compen J-8 SUFFIX
o CERAMIC PACKAGE
10 pF =X 75 pF to CASE 693 8
= Compen A= = 0.01 pF ,
. 5 x 108
C2> =g #F D SUFFIX
PLASTIC PACKAGE Q
ORDERING INFORMATION C/‘\ssg ;)51 8 >
Device Temperature Range Package
LM108AH, H -~ o Metal Can
LM108AJ, J, AJ-8, J-8 S8 to +125°C Ceramic DIP compen o COMPEN
LM208AH, H Metal Can neuTs 2 7 Veo
LM208AJ, J, AJ-8, J-8 2510 +85°C Ceramic DIP 3 6 OUTPUT
LM208AN, N ° Plastic DIP VEE 4 5 NC
LM208AD, D S0-8 (Top View)
LM308H, H Metal Can - -
LM308AJ, J, AJ-8, J-8 . Ceramic DIP *Unused pin (no internal connection) to
LM308AN, N 0to +70°C Plastic DIP allow for input anti-leakage guard ring
LM308AD, D SO-8 on printed circuit board layout.
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LM108, LM108A, LM208, LM208A, LM308, LM308A

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted.)

Value
Rating Symbol LM108, LM108A | LM208, LM208A | LM308, LM308A Unit
Power Supply Voltage Vee: VEE +20 +20 +18 Vdc
Input Voltage (See Note 1) \ - +15 A o Volts
Input Differential Current (See Note 2) o - +10 mA
Output Short-Circuit Duration ts Indefinite —
Operating Ambient Temperature Range TA —55t0 +125 —25to +85 l Oto +70 °C
Storage Temperature Range Tstg e — 65 10 + 1 50— °C
Junction Temperature Ty °C
Metal, Ceramic Package - +175 —
Plastic Package -+ +150 —

Note 1. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage.
Note 2. The inputs are shunted with back-to-back diodes for over-voltage pr ion. Therefore, ive current will flow if a differential input voltage
in excess of 1.0 V is applied between the inputs unless some limiting resistance is used.

ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V < V¢g¢ <
+20Vand —50V > VEE > —20V, Tp = +25°C.)

LM108A LM108
LM208A LM208
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio — 0.3 0.5 — 0.7 2.0 mvV
Input Offset Current o — 0.05 0.2 — 0.005 0.2 nA
Input Bias Current i — 0.8 2.0 — 08 20 nA
Input Resistance 4] 30 70 — 30 70 — Megohms
Power Supply Currents Iccee — +0.3 *0.6 - +03 +0.6 mA
Vee = +20V,VEg = —20V -
Large Signal Voitage Gain AvoL 80 300 — 50 300 — V/mV
Vee = IVEEl = +15V, Vo = =10V,
RL = 10 kQ
The following specifications apply over the operating temperature range.
Input Offset Voltage Vio — — 1.0 — — 3.0 mvV
Input Offset Current llo . — 0.4 — — 0.4 nA
Average Temperature Coefficient of AV|o/AT — 1.0 5.0 - 3.0 15 wvrc
Input Offset Voltage
TAlmin)<TA<Ta(max)
Average Temperature Coefficient of Aljo/AT —_ 0.5 25 - 0.5 25 pArC
Input Offset Current
Input Bias Current [T} — — 3.0 — — 3.0 nA
Large Signal Voltage Gain AvoL 40 —_ —_ 25 — - VimV
Vee = IVEgl = +15V, Vg = =10V,
Ry = 10k
Input Voltage Range VIR *13.5 — — +135 —_ — "
Vcc = IVEgl = +15V
Common-Mode Rejection Ratio CMRR 96 110 — 85 100 — dB
Power Supply Voitage Rejection Ratio PSRR 96 100 — 80 96 — dB
Output Voltage Range VORr +13 *14 — +13 +14 — \
Vee = IVEgl = +15V, R = 10 kQ
Supply Current (TA = Talmax]) Icc.lee —_ +0.15 | =04 —_ +0.15 | =04 mA
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LM108, LM108A, LM208, LM208A, LM308, LM308A

ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V < Ve <

+15Vand —5.0V > VEg = —-16V, Tp = +256°C))
LM308A LM308
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio — 0.3 0.5 — 2.0 75 mV
Input Offset Current o — 0.2 1.0 — 0.2 1.0 nA
Input Bias Current ) — 1.5 7.0 _ 1.5 7.0 nA
Input Resistance r 10 40 — 10 40 — Megohms
Power Supply Currents Icclee - *03 +0.8 — *0.3 +0.8 mA
Vec = +15V,VEg = —15V
Large Signal Voitage Gain AvoL 80 300 — 25 300 - vimv
Vec = +16V,VEg = —15V, Vg = =10V,
RL = 10 kQ
The following specifications apply over the operating temperature range.
Input Offset Voltage Vio — - 073 — — 10 mV
Input Offset Current lio - — 1.5 — — 1.5 nA
Average Temperature Coefficient of AV|Q/AT —_ 1.0 5.0 — 6.0 30 uvreC
Input Offset Voltage
Talmin) < Ta < Ta(max)
Average Temperature Coefficient of Alo/AT - 2.0 10 — 2.0 10 pArC
Input Offset Current
Input Bias Current B — — 10 — — 10 nA
Large Signal Voltage Gain AvoL 60 — — 15 — — V/imvV
Vec+15V, VEg = —15V,Vp = =10V,
RL = 10 kQ
Input Voltage Range VIR +14 — — +14 —_ — v
Veec = +15V, VEg = —15V
Common-Mode Rejection Ratio CMRR 96 110 —_ 80 100 — dB
Rg < 50 kQ
Supply Voltage Rejection Ratio PSRR 96 110 —_ 80 96 - d8
Rg < 50 kQ
Output Voltage Range VOR +13 *14 — *13 +14 — \
Vee = +15V,VEg = —15V, R = 10kQ

REPRESENTATIVE CIRCUIT SCHEMATIC
COMPENSATION A COMPENSATION 8

oVce
35k3 56k3 $75k

156 pF
174k 17.4 k
75k 112 t
1 200
~N 65 Output
1.0k 10k
- 150
VEE
Inputs 2'02'(0 i 80 K
+o- |J 20k
™
|A1o k 362 1.2k 50 k
VEE
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LM108, LM108A, LM208, LM208A, LM308, LM308A

TYPICAL CHARACTERISTICS

FIGURE 1 — INPUT BIAS AND INPUT OFFSET CURRENTS
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FIGURE 6 — LARGE-SIGNAL FREQUENCY RESPONSE

20
HH
16 Vee = +15V H
Ve = —15\(/: i
Ta = +25°CTTIT]
2l \
\ \
80 \
\w=mw
40
Cr = 30pF N N
0 h
10k 10M

100 k
f, FREQUENCY (Hz)

MOTOROLA LINEAR/INTERFACE DEVICES

2-52



LM108, LM108A, LM208, LM208A, LM308, LM308A
SUGGESTED DESIGN APPLICATIONS

FIGURE 7 — FAST (1) SUMMING AMPLIFIER WITH LOW

INPUT CURRENT
Rs Cs (2
input & R1 R4
$150k A
AN 4 150
0.002 pF 7 0.002 L o
i
LM108,A ~
Series R2 72 6
- M| 3 e
WA + Output
+ < LM101A(3)
Compen B j'L1 M or equiv

F
;ESOO p

(1) Power Bandwidth:  (3) In addition to increasing speed,

250 kHz the LM101A raises high and
Small Signal low frequency gain, increases
Bandwidth: output drive capability and
3.5 MHz eliminates thermal feedback.
Slew Rate: 10 V/us
6X10-8
(2) C5 = "

INPUT GUARDING

Special care must be taken in the assembly of printed
circuit boards to take full advantage of the low input
currents of the LM108,A amplifier series. Boards must
be thoroughly cleaned with alcohol and blown dry with
compressed air. After cleaning, the boards should be
coated with epoxy or silicone rubber to prevent
contamination.

Even with properly cleaned and coated boards, leak-
age currents may cause trouble at +125°C, particularly
since the input pins are adjacent to pins that are at
supply potentials. This leakage can be significantly re-
duced by using guarding to tower the voltage difference
between the inputs and adjacent metal runs. Input
guarding of the 8-lead TO-99 type package is accom-
plished by using a 10-lead pin circle, with the leads of
the device formed so that the holes adjacent to the in-
puts are empty when it is inserted in the boards. The

FIGURE 8 — SAMPLE AND HOLD

Vee

™
Input A
a1
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Q2 Output

1.0 wF (1) I 30 pF

(1) Teflon, Polyethylene or Polycarbonate
Dielectric Capacitor

FIGURE 9 — SUGGESTED PRINTED CIRCUIT BOARD
LAYOUT for INPUT GUARDING USING METAL
PACKAGED DEVICE

Compensation B

V,
cc \ l / Compensation A
\ 7 8
6 .

Output

Guard .
(Bottom View)

guard, which is a conductive ring surrounding the in-
puts, is connected to a low-impedance point that is at
approximately the same voltage as the inputs. Leakage
currents from high-voltage pins are then absorbed by
the guard.

The pin configuration of the dual in-line package is
desig