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What's Different

New Additions:

MC34118*
MC34151
MC34152/53
MC34163
MC34164
MC34166
MC44602
TCA0372
UAAZ2016
UC2844/2845
UC3844/3845

AM26LS30 MC10324
CA3146 MC33033
LF441C/442C MC33035
LM2935T MC33077
MC1382 MC33120*
MC1383 MC33178/79
MC1384 MC33272/74
MC2830 MC3382/84
MC3335 MC34066
MC3361B MC34114*
MC10322 MC34117*
Deletions:

MC3480 TBA120C
MC6108 TCA4500A
MC13014P TCAS5550
MC13021 TCF7000
MC34061, A TDA1190P
MC34062 TDA1285A
MC35082/83 TDA3333
New Product Literature (Referenced):
AN1003 AN1077
AN1004 AN1078
AN1006 AN1081
AN1019 ANE424
AN1044 SGO8 Rev. 4

*See Telecommunication Device Data (DL136 Rev.2)



@ MOTOROLA

LINEAR AND INTERFACE
INTEGRATED CIRCUITS

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 (M) 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
AM26L831 Quad EIA-422 Line Driver with 72 LM217 3-Terminal Adjustable Positive Voltage 3-21
Three-State Output Regulator
AM26L832 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 o9 LM223,A 3-Ampere, 5 Volt Positive Voltage 337
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 Amplifier e-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 Amplifiers 2-17 LM285 Micropower Voltage Reference Diode 5-4
LF356,8 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
LFa11C Low Offset, Low Drift JFET Input 227 Amplifier
Operational Amplifier LM307 Internally Compensated Operational 2-87
LFa12¢C Low Offset, Low Drift JFET Input 227 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
LF442C Dual, Low-Power JFET Input Operational 2-30 LM317 3-Terminal Adjustable Positive Voltage 321
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 238 LM317M 3-Terminal Adjustable Positive Voltage 3-74
LM101A General-_Eurpose 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 Reguiator
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 Comparators 2-66 LM358 Dual, Low-Power Operational Amplifier 2-76
LM140,A 3-Terminal Positive Fixed Voltage 3-50 LM385 Micropower Voltage 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 Adjustable 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 266
LM183,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 Ampiifier 2-76
LM208,A Precision Operational Ampiifiers 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
LM3900 Quad Single-Supply Operational Amplifier 2-198 MC1536 High-Voltage 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/Demodulatog 8-13
Encoder MC1709,A,C 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 Multisync 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 Muitimode Monitor Processor 9-58 MC1741S,SC | High-Slew-Rate Operational Amplifiers 2175
MC1391P TV Herizontal 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 2189
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
MC1412.8 Peripheral Driver Array 741 MC2831A Low-Power FM Transmitter System 8-27
MC1413,B Peripheral Driver Array 7-41 MC2833 Low-Power FM Transmitter System 8-30
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-Voltage Operational Amplifiers 2-101 MC3303 Quad Differential-Input Operationat 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 IF 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 Multiplier 11-12 FM Receiver
MGC1495L Four-Quadrant Multiplier 11-26 MC3373 Remote Control Amplifier/Detector 9-73
MC1496 Balanced Modulator/Demodulator 813 Mc33e7T 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 Operational Ampilifier plus Dual 2-214 Amplifiers
Voltage Comparator MC4741,C Quad MC1741 Operational Amplifiers 2-245
MC3417 Continuously- Variable-Slope Delta ’ MC6875,A M6800 2-Phase Clock Generator/Driver 7-150
Modulator/Demodulator K
MC3418 Conti y-Variable-S| Delt . MC6880A Quad Three-State Bus Transceiver 7-27
ontinuously- -Slo
Mogurastgr/Daerﬁo:ulatoee eha MC6885 Hex Three-State Buffer/Inverter 7-37
MC3419-1L Telephone Line-Feed Circuit . MC6886 Hex Three-State Buffer/inverter 7-37
MC3423 Overvoltage Sensing Gircuit 3-121 MCe887 Hex Three-State Buffer/Inverter 7-37
MC3425 Power Supply Supervisory/Over, Under- 3-127 MCeg8s Hex Three-State Buffer/lnverter 7-37
voltage Protection Circuit MC6889 Noninverting Bus Transceiver 7-32
MC3430 High-Speed Quad Comparator 2-222 MC78QO Three-Terminal Positive Voltage Regulators | 3-135
MC3431 High-Speed Quad Comparator 2222 Series _
MC3432 High-Speed Quad Comparator 2202 MC;!;%(;(;,A Three-Terminal Positive Voltage Regulators | 3-148
MC3433 High- Quad Ci 2-222
9 S?eted ual orTlparator MC78M00 Three-Terminal Positive Voltage Regulators | 3-154
MC3437 Hex Unified Bus Receiver 7-62 Series
MC3440A Quad Interface Bus Transceiver 7-68 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 3-171
MC3447 Bidirectional Instrumentation Bus 772 Series Regulators
Transceiver MC79L‘OO,A Three-Terminal Negative Fixed Voltage 3-180
MC3448A Quad Three-State Bus Transceiver 7-78 Series Regulators
MC3450 Quad Line Receiver 7-83 MC79Mo0 Three-Terminal Negative Fixed Voltage 3-185
MCa452 Quad Line Recei .83 Series Regulators
uad Line Receiver -
) , MC10318P High-Speed 8-Bit D/A Converter 6-27
MC3453 Quad Line Driver 7-90 | )
- - MC10312 High-Speed 8-Bit A/D Flash Converter 6-39
MC3456 Dual Timing Circuit 11-41 ) ) )
. » MC10320 Triple 4-Bit Color Palette Video DAC 9-77
MC3458 Dual, Low-Power Operational Amplifier 2-230 ) i )
i o MC10320-1 Triple 4-Bit Color Palette Video DAC 9-77
MC3467 Triple Preamplifier 7-94 _
i ) MC13001XP Monomax Black-and-White TV Subsystem 9-94
MC3469P Floppy Disk Write Controller 7-99 )
X " MC13002XP Monomax Black-and-White TV Subsystem 9-94
MC3470P,AP Floppy Disk Read Amplifier System 7-109 ) i
' X ) 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 ! X
i MC10324 8 Bit Video DAC with ECL Inputs 6-76
MC3479 Stepper Motor Driver 4-14
. . . MC13010P TV Parallel Sound IF/AFT 9-103
MC3481 Quad, Single-Ended Line Driver 7-134 MC13020P 9108
MC3484S2 Integrated Solenoid Driver 10-21 C-QUAM® AM Stereo Decader
MC348484 | Integrated Solenaid Driver 10-21 MC13022 Advanced Medium Voltage AM Stereo o113
MC3485 Quad, Single- ine Dri 7-134
uad, Sing End?d tine 4nver MC13023 AM Stereo Front End and Tuner Stablizer 9-117
MC3486 Quad EIA-422/3 Line Receiver 7-139 MC13024 6123
MC3487 Quad E1A-422 Line Driver With Three-State | 7-142 Low. Vottage Motorola C-QUAM®
Output tereo Receiver
MC3488A Dual EIA-423/E1A-232D Driver 7-146 MC13041 AM Recelver Subsystem 9-128
MC3503 Quad Differential-Input Operational 2-208 MC13055 Wideband FSK Recelver 8-82
Amplifier MC13060 Mini-Watt Audio Output 9-134
MC3505 Dual Operational Amplifier plus Dual 2-214 MC33030 DC Servo Motor Controller/Driver 4-22
Voltage Comparator MC33033 DC Brushless Motor Controller 4-35
MC3517 Conhl/inuorsly-Variable-?lc’pe Delta ) MC33034 DC Brushless Motor Controller 4-56
e odufator Dem°d“:‘°’ MC33035 DC Brushless Motor Controlier 476
3518 Continuously-Variable-Slope Delta *
Modulator/Demodulator MC33039 Clo'sed-Loop Brush!e-ss Motor Adépter 4-98
MC3523 Overvoltage Sensing Circuit 3-121 MC33060A Sw1g2rr17:%(|l%iF:;leit(e Width Modulation 3-200
MC3556 Dual Timing Circuit 1-41

“See Telecommunication Device Data (DL136)
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ALPHANUMERIC INDEX - CONTINUED

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 2:308 MC34060 Switchmode Pulse Width Modulation 3-188
Operational Amplifier Control Circuit
MC33072 Dual, High-Performance Single-Supply 2306 MC34060A | Switchmode Pulse Width Modulation 3-200
Operational Amplifier Control Circuit
MC33074 Quad, High-Performance Single-Supply 2306 MC34063 DC-to-DC Canverter Control Circuit 3-212
Operational Amplifier
) X . MC34063A DC-to-DC Converter Control Circuit 3-218
MC33077 Dual, Low-Noise Operational Amplifier 2-250 . o
) ) o 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
MC33120 Subscriber Loop Interface Gircuit : MC34066 High-Performance Resenant 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 3274 MGC34072 Dual, High-Performance Single-Supply 2-306
; Operational Amplifier
MC33160 Microprocessor Voltage Regulator and 3-279 ) )
Supervisory Circuit MC34074 Quad, High-Performance Single-Supply 2-306
i Operational Amplifier
MC33163 Power Switching Regulator 3-287 MC34080 2302
MC33164 Undervoltage Sensing Gircuit 3-207 High-Speed Decompensated (Aycl 2 2)
MC33166 b Switching R 3302 JFET Input Operational Amplifier
3316 ower Switc! u.ng egulator -30 MC34081 High-Speed JFET Input Operational 2-322
MC33171 Low-Power, Single-Supply Operational 2-270 Amplifier
Amplifi
piier - MC34082 Dual, High-Speed JFET Input Operational | 2-322
MC33172 Low-Power, Single-Supply Operational 2-270 Amplifier
Ampilifier
MCa3174 Low-P s Single-Sunoly O | 2270 MC34083 Dual, High-Speed Decompensated 2-322
ow-Power, Single-Supply Operational - > .
Amplifier rrxgnlﬁe_r 2) JFET Input Operational
MC33178 High-Output Current Low-Power 2-277 A . .
Operational Amplifier MC34084 Qufh;{;%:rSpeed JFET Input Operational 2-322
MC33179 High-Cutput Current Low-Power 2-277 e _
Operational Amplifier MC34085 Quad, High-Speed Decompensatec_j 2-322
) (AycL 2 2) JFET Input Operational
MC33181 Low-Power JFET Input Operational 2-333 Amplifier
Amplifier
i . 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 ppﬁ Operational Amplifi 2287 MC34117 Telephone Tone Ringer *
-Performance T .
MC33274 Hfgh perf an ope a;onal Amplfffer 5087 MC34118 Voice Switched Speakerphone Circuit *
- , m =
MCaamss J":QET; :r;‘a CTA pelf: fonal Amplifier - 206 MC34119 Low-Power Audio Amplifier 9-138
ional Am r -
MC33284 JFET Op ‘.on ‘A p\:e 2296 MC34129 High-Performance Current Mode Controller | 3-253
perational Ampitier : MC34151 High-Speed Dual MOSFET Driver 3-266
MC34001 JFET-Input Operational Amplifier 2-299 MC34152 High-Speed Dual MOSFET Driver 3-274
MC34002 JFET-Input Operational lifie 2-299
HCa008 et |"p“l op ' If‘m' :mp‘: ! s 229 MC34153 High-Speed Dual MOSFET Driver 3-274
-input Oper: -
F_’ peral lonav Fl’?pl er MC34160 Microprocessor Voltage Regulator and 3-279
MC34010 Electronic Telephone Circuit " Supervisory Circuit
MC34011A Electronic Telehpone Circuit " MC34163 Power Switching Regulator 3-287
M°§‘;ﬂ;§ Telephone Tone Ringer : MC34164 Undervoltage Sensing Circuit 3-297

~See Telecommunication Device Data (DL136)
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ALPHANUMERIC INDEX — CONTINUED

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
Ampiifier Operational Amplifier
MC34182 Oual, Low-Power JFET Input Operational 2-333 SAA1042, A Stepper Mator Driver 4-103
Amplifier SE592 Video Amplifier 2-342
MC34184 Ouaxj, L?;fl-Power JFET Input Operational 2-333 SG1525A Pulse Width Modulator Contro! Circuit 3-304
MG35001 JFETT:prZ)perat&onal — 2259 5G1526 Puise Width Modulator Control Gircuit 3.311
MC35002 JFET-Input Operational Amplifier 2.208 SG1527A Pulse Width Modulator Control Circuit 3-304
MC35004 JFET-Input Operational Amplifier 2.299 SG2525A Pulse Width Modulator Control Circuit 3-304
MC35060 Switchmode Pulse Width Modutation 3188 SG2526 Pulse Width Modulator Control Circuit 3-311
Control Circuit SG2527A Pulse Width Modulator Control Circuit 3-304
MC35060A Switchmode Pulse Widih Modulation 3-200 SG3525A Pulse Width Modutator Control Circuit 3-304
Controi Circuit SG3526 Pulse Width Modulator Control Circuit 3-311
MC35063 DC-to-DC Converter Control Circuit 3-212 SG3527A Pulse Width Modulator Control Circuit 3-304
MC35063A DC-to-DC Converter Control Circuit 3-218 SN75172 Quad EIA-485 Line Driver with 7-186
MC35071 High-Performance Single-Supply 2-306 Three-State Outout
Operational Amplifier SN75173 Quad EIA-485 Line Receiver with 7-188
MC35072 Dual, High-Performance Single-Supply 2306 Three-State Output
Operational Amplifier SN75174 Quad EIA-485 Line Driver with Three-State | 7-186
MC35074 Quad, High-Performance Single-Supply 2-306 Cutput
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 TCA0372 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 Peripheral Clamping Array 10-27
MC35085 Quad, High-Speed Decompensated 2.320 TDA1085A Un?versal Motor Speed Controller 4-108
(AyCL 2 2) JFET Input Operational TDA1085C 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
Operationai Amplifier TDA3303 TV Color Processor 9-169
MC35174 Quad, Low-Power, Single-Supply 2-270 TDA3330 TV Color Processor 9-183
Operational Amplifier TDA4601 Flyback Converter Regulator Control Circuit | 3-330
MC35181 Low-Power JFET-Input Operational 2-333 TLOB1 Low-Power JFET-Input Operational 2-359
Ampiifier 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 Color TV IF 9-147 TLO71 Low-Noise, JFET-Input Operational 2-367
MC44602 Current Mode Controller 3-303 Amplifier
MC44802 PLL Tuning Circuit With 1.3 GHz Prescaler | 9-153 TLo72 Duax'rrl{;.s)l‘i'flig\rmise‘ JFETnput Operatons) 2067
MC75107 Dual Line Receiver 7168 TLO74 Quad, Low-Noise, JFET-Input Operational | 2-367
MC75108 Dual Line Receiver 7-168 Amplifier
MC758110 Dual Line Driver 7-173 TLO81 JFET Input Operational Amplifier 2-374
MC75125 Seven-Channel 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-Channef Line Receiver 7-182 TL431,_A Programmable Precision References 517
MC75129 Eight-Channel Line Receiver 7-182 Series
MCC3334 High Energy Ignition Circuit 10-10 TLaga SW‘g’h"t‘ml’%.P”'?f Width Modulation 3-336
MCCF3334 High Energy Ignition Circuit 10-10 ontrol Giredt
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ALPHANUMERIC INDEX — CONTINUED

Device Device
Number Function Page Number Function Page
TL594 Switchmode Pulse Width Modulation 3-347 UC3845 High-Performance Current Mode Controller | 3-377
Gontrol Circuit ULN2001A Peripheral Driver Array 7-41
TL780 Three-Terminal Positive Voltage Regulator 3-358 ULN2002A Peripheral Driver Array 7-41
UAA1016B 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 Controfier 4140 ULN20688 | Quad 1.5 A Darlington Switch 7-193
UC2842A High-Performance Current Mode Controiler | 3-363 ULN2074B Quad 1.5 A Darlington Switch 7197
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
ucasas 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 LA78S40 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 1o
the Alphanumeric Index on pages 1-1 to 1-6.

Motorola Motorola Motorota Motorola
Direct Similar Direct Similar

Part Number Repl it Repl it 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 MC758110L 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 LM385Z-1.2 5-4
8216 MC8T26AL 7-27 AD589K (M385Z-1.2 5-4
8226 MC8T28L 7-32 ADS589L LM3852-1.2 5-4
9614DC MC75S110L 7-173 AD589M LM385BZ-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
9617D0C MC1489AL 7-54 ADDAC-08AD DAC-08AQ 6-5
9620DC MC75S110L 7-173 ADDAC-08CD DAC-08CQ 6-5
9620D0M MC75S110L 7-173 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 AM101D 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 LMI11H 2-54
9667DC MC1413L 7-41 AM201AD LM201AN 2-45
9667PC MC1413P 7-41 AM201AF LM20tAH 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
ADS505J 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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CROSS REFERENCE — CONTINUED

Motorola Motorola Motorola Motorola
Direct Similar Direct Similar

Part Number Replacement Replacement Page Part Number Replacement Replacement Page
AM26LS31CJ AM26LS31PC 7-21 CA082CS TLO82CJG 2-374
AM26LS31CN AM26LS31PC 7-21 CA082E TLO82CP 2-374
AM26LS31DS AM26L.S31DS 7-21 CA082S TLOB2MJG 2-374
AM26L.S32ACJ AM26LS32D 7-24 CAQB4AE TLOB4ACN 2-374
AM26LS32ACN AM26LS32APC 7-24 CAO84E TLO84CN 2-374
AM26L.S32P AM26LS32PC 7-24 CA084S TLO82MJ 2-374
AM26LS33DC MC3486L 7-139 CA101AT LM101AH 2-45
AM26LS33PC MC3486P 7-139 CA101T LM101AH 2-45
AM26S10DC MC26S10L 7-59 CA107T MC1741CG 2-170
AM301AD LM301AJ 2-45 CA108AS LM108AJ-8 2-49
AM301A 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 LM311J-8 2-54 CA1391E MC1391P 9-63
AM311H LM311H 2-54 CA139AG LM139AJ 2-66
AM592HC NE592K 2-342 CA139G LM139J 2-66
AM592HM SE592K 2-342 CA1458S MC1458CP1 2-133
AM592PC NES92N 2-342 CA1458T 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 2127 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 CA233E LM233N 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
CAQ081AS TLO81ACJG 2-374 CA3022 MC1590G 2-150
CA081CS TLO81CJG 2-374 CA3023 MC1590G 2-150
CAQ81E TLO81CP 2-374 CA3026 CA3054 9-9
CA081S TLOBIMJIG 2-374 CA3029A MC1709P1 2-158
CAQ082AE TLO82ACP 2-374 CA3029 MC1709P1 2-158
CA082AS TLO82ACJG 2-374 CA3030A MG1709P1 2-158
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NOTE: All "Motorola Direct Replacement” devices which have part numbers identicai 10 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 pl it Repl it Page Part Number Replacement Replacement Page
CA3030 MC1709P1 2-158 CA6741S MC1776G 2-189
CA3031 MC1733 2-162 CAB741T 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 CA741S 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
CA3056A 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
CA3078T7 MC1776CG 2-189 CS3471 MC3471P 7-123
CA3079 CA3079 49 D8216 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 DACO0800LCJ DAC-08EQ 6-5
CA308AS LM308N 2-49 DACO0800LCN DAC-08EP 6-5
CA308AT LM308AH 2-49 DAC0800LD 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 DACG802LCN 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 LM338AN 2-66 DACO0808LCN MC1408P8 6-15
CA339AG LM339AJ 2-66 DAC0808LD MC1508L8 6-15
CA339E LM339N 2-66 DM78224 MC1489AL 7-54
CA339G LM333J 2-66 DM7837J MC3437L 7-62
CA3401E MC3401P 2-198 DM8822J MC1489AL 7-54
CA6078AS MC1776G 2-189 DM8822N MC1489AP 7-54
CA6078AT MC1776G 2-189 DM8837N MC3437P 7-62
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Motorola Motorola Motorola Motorola
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Part Number Repl. it Repl. it Page Part P b Repl. Rep! LPage
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
0814894 MC1489L 7-54 1CB8741C MC1741CG 2-170
DS1489N MC1489P 7-54 ICH8500ATV MC1776CG 2-189
DS26LS3 1N AM26LS31P 3-21 ICH8500TV MC1776CG 2-189
DS26L.S32N AM26LS32P 3-24 ICL101ALNDP LM101AH 2-45
DS26S10CJ 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
DS34874 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 ICL8001MTZ M1t 2-54
DS3632H MC14720 7-45 ICL8007CTA MC1709CG 2-158
DS3632J MC1472U 7-45 ICL8007MTA MC1709CG 2-158
DS3632N MC1472P1 7-45 ICL8OO8CPA LM301AN 2-45
DS3650J MC3450L 7-83 ICL8008CTY LM301AN 2-45
DS3650N MC3450P 7-83 ICLBO13A MC1594L 11-12
DS3651J MC3430L 2-222 ICL8013B MC1594L 11-12
DS3651N MC3430P 2-222 ICL8013C MC1594L 11-12
DS3652J MC3452L 7-83 ICL8017CTW LM301AN 2-45
DS3652N MC3452P 7-83 ICL8O17MTW LM301AN 2-45
DS3653J MC3432L 2-222 ICL8021C MC1776G 2-189
DS3653N MC3432P 2-222 ICLBO21M MC1776G 2-189
DS3691 AM26LS30 7-10 ICL8022C MC1776G 2-189
DS55107W MC75107L 7-168 ICL8022M MC1776G 2-189
DS551104 MC75S110L 7173 {CL8043CDE MC1776G 2-189
DS751074 MC75107L 7-168 ICL8043CPE MC1776G 2-189
DS75107N MC75107P 7-168 ICL8043MDE MC1776G 2-189
DS75108J MC75108L 7-168 ICLB048CDE 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
DS752074 MC75107L 7-168 ICL8069DCZR LM385BZ-1.2 5-4
DS75207N MC75107P 7-168 1P1525AJ SG1526AJ 3-311
DS75208J MC75108L 7-168 IP1526J SG1526J 3-311
DS75208N MC75108P 7-168 IP1527AJ SG1527AJ 3-304
DS7837J MC3437L 7-62 P2525Ad SG2525AJ 3-304
DS7837W MC3437L 7-62 1P2526J SG2526J 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 IP3525AJ SG3525AJ 3-304
DS8837N MC3437P 7-62 IP3525AN SG3525AN 3-304
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Part Numb Repl nent Repl Page Part Number Replacement Replacement Page
1P3526J SG35264 3-311 LH2101AF MC1537L 2-105
1P3526N SG3526N 3-311 LH2201AD MC1537L 2-105
IP3527AJ SG3527AJ 3-304 LH2201AF MC1537L 2-105
IP3527AN SG3527AN 3-304 LH2301AD MC1437L 2-105
IP494ACJ TL594IN 3-347 LH2301AF MC1437L 2-105
IP434ACN TL594CN 3-347 LH740ACH LF355H 217
IP494AJ 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 MC1412pP 7-41 LM101J-14 LM101AJ 2-45
L203 MC1413P 7-41 LM107H MC1741 2-170
L583 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 MC340028G 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 MC7905CK 3171
LF355N LF3554 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 LM124A0 LM1244 2-60
LF357BN LF357BJ 2-17 LM125H MC1568G 3-109
LF3574G LF357J 217 LM126H MC1568G 3-109
LF357L LF357H 2-17 LM128H MC1568G 3-109
LF357N LF357J 2-17 LM1408J6 MC1408L6 6-15
LF357P LF357J 2-17 LM140847 MC1408L7 6-15
LHO004CHH MC1536G 2-101 LM1408J8 MC1408L8 6-15
LHO004CH MC1436G 2-101 LM1408N6 MC1408P6 6-15
LH0004H MC1536G 2-101 LM1408N7 MC1408P7 6-15
LHOO0ACD MC1776CG 2-189 LM1408N8 MC1408P 6-15
LHOO0ACF MC1776CG 2-189 LM1489AN MC1489AP 7-54
LHOO0ACH MC1776CG 2-189 LM1489J MC1489L 7-54
LHOO0AD MC1776G 2-189 LM1489N MC1489P 7-54
LHOOO0AF MC1776G 2-189 LM1496H MC1496G 8-13
LHOO0AH MC1776G 2-189 LM1496J MC1496L 8-13
LHO042CH 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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Motorola Motorola Motorola Motorola
Direct Similar Direct Similar

Part Numb Rep!: Repl it Page Part Numb Repl. Repl ent Page
LM158L LM158H 2-76 LM240LAZ-24 MC78L24ACP 3-148
LM1596H MC1596G 8-13 LM240LAZ-5.0 MC78LO5ACP 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 LM193H 2-82 LM271H MC1590G 2-150
LM193U LM193H 2-82 LM2901M LM2301D 2-66
LM1981 MC13020P 9-108 LM2902M LM2902D 2-60
LM201AJ-14 LM201Ad 2-45 LM2303M LM2903D 2-82
LM201AJG LM201AJ 2-45 LM2903P LM2903N 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 LM293H 2-82
LM207H MC1741C 2-170 LM293U LM293H 2-82
LM208AJ LM208AJ-8 2-49 LM301AJG LM301AJ 2-45
LM211JG LM211J-8 2-54 LM301AL LM301AH 2-45
LM211M LM211D 2-54 LM301AM LM301AD 2-45
LM212H MC1456U 2-127 LM301AP LM301AN 2-45
LM217H LM217H 3-21 LM3026 CA3054 9-9
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 3-171 LM3039KC LM309K 3-16
LM222H MC1556G 2-127 LM311D LM311D 2-54
LM224AF LM2244 2-60 LM311J-8 LM3114-8 2-54
LM224AJ LM224J 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 LM311N 2-54
LM239M LM239D 2-66 LM312H MC1456G 2-127
LM239N LM239N 2-66 LM3146A MC3346P 9-70
LM240LAH-12 MC78L12ACG 3-148 LM3146 MC3346P 9-70
{ M240LAH-15 MC78L15ACG 3-148 LM317KC LM317T 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 MC78LO8BACG 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 3-17 LM340LAZ-24 MC78L24ACP 3-148
LM320K-12 MC7912CK 3-171 LM340LAZ-5.0 MC78LOSACP 3-148
LM320K-15 MC7915CK 3-171 LM340LAZ-6.0 MC78LO5ACP 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 MC79L05ACP 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 MC7918CT 3-171 LM341P-6.0 MC78M0O6CT 3-154
LM320MP-24 MC7924CT 3171 LM341P-8.0 MC78M08CT 3-154
LM320MP-5.0 MC7905CT 3-171 LM342P-12 MC78M12CT 3-154
LM320MP-5.2 MC7905.2CT 3-171 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 3171 LM342P-5.0 MC78M05CT 3-154
LM320T-15 MC7915CT 3-171 LM342pP-6.0 MC78MO6CT 3-154
LM320T-5.0 MC7905CT 3-171 LM342P-8.0 MC78M08CT 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
LM324A4 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 5-4
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 LM393JG LM393N 2-82
LM3401N MC3401P 2-198 LM393M LM393D 2-82
LM340KC-12 LLM340T-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 LM551104 MC75S110L 7-173
LM340KC-8.0 MC7808CK 3-135 LM555CH MC1455G 11-5
LM340LAH-12 MC78L12ACG 3-148 LM555CN MC1455P1 11-5
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LM555H MC1455G 11-5 LM7812KC MC7812CK 3-135
LM556CD MC3456L 1-41 LM7815CK MC7815CK 3-135
LM556CJ MC3456L 11-41 LM7815CT MC7815CT 3-135
LMS56CN MC3456P 11-41 LM7815KC MC7815CK 3-135
LM556L MC3aseL il LM7818KC MC7818CK 3135
LM703LN MC1350P 9-19
[M709AH MC1709AG o158 LM7824KC MC7824CK 3-135
LM709AN-8 MO1709CP1 2158 LM78LOSACH MC78LOSACG 3-148
LM709CN MC1709CG 2158 LM78LOSACZ MC78LOSACP 3-148
LM709H MC1709G 2158 LM78LO5CH MC78L05CG 3-148
LM78L05CZ MC78LO5CP 3-148
LM723CD MC1723CJ 3-109
LM723CH MC1723CG 3-109 LM78LOSACH MC78L0BACG 3-148
LM723CJ MC1723CL 3-109 LM78LOBACZ MC78LOBACP 3-148
LM723CN MC1723CP 3-109 LM78L08CH MC78L08CG 3-148
LM723H MC1723G 3-109 LM78L08CZ MC78L08CP 3-148
LM78L12ACH MC78L12ACG 3-148
LM723J MC1723L 3-109
LM733GD MC1733CL 2162 LM78L12ACZ MC78L12ACP 3148
P! dlicons 2lez || ureLiack 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 2170
LM741EN MC1741CP1 2170 LM78L24CZ MC78L24CP 3-148
LM747CD MC1747CL 2181 LM78MO5CP MC78MO5CT 3-154
LM746CH MC1748CG 2185 | | | M7gmM12CP MC78M12CT 3-154
LM748CJ MC17480U 2185 LM78M15CP MC78M15CT 3-154
LM748CN MC1748CP1 2185 LM7905CK MC7905CK 17
LM748H MC1748G 2-185
LM748. MC1748U o185 LM7905CT MC7905CT 3171
LM75107AN MC75107P 7-168 LM7912CK MC7912CK 3-171
LM7912CT MGC7912CT 3171
LM75108AJ MC75108L 7-168 LM7915CK MC7915CK 3171
LM75108AN MC75108P 7-168 LM7915CT MC7915CT 3171
LM75110J MC75S110L 7-173
LM75110N MC758110P 7-173 LM79L05ACZ MC79L05ACP 3-180
LM75207L MC75107L 7-168 LM79L12ACZ MC79L12ACP 3-180
LM79L15ACZ MC78L15ACP 3-180
tnggggg‘ xg;g:ggt ;'lgg LM79MO5CP MC79MO5CT 3-185
LM75908N 731089 768 LM79M12CP MC78M12CT 3-185
mggggg xgggggﬁ ggg LM79M15CP MC79M15CT 3-185
LM837N MGC33079P 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 3-135 MC1458P MC1458P1 2-133
LM7812CT MC7812CT 3-135 MC1489N3 MC1489PDS 7-54
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MC1489N MC1489P 7-54 N8T95F MC8T95L 7-37
MC3440AP MC3440AP 7-65 N8T95N MC8T95P 7-37
MC3446J MC3446AP 7-69 N8T96B MC8T96P 7-37
MC3446N MC3446AP 7-69 N8T96F MC8T96L 7-37
MC3470N MC3470P 7-109 N8T96N MC8TI6P 7-37
MC3485J MC3485L 7-134 N8T97B MC8T97P 7-37
MC3485N MC3485P 7-134 N8TI7F MC8T97L 7-37
MC3486J MC3486L 7-139 N8TI7N MC8T97P 7-37
MC3486N MC3486P 7-139 N8T98B MC8T98P 7-37
MC3487J MC3487L 7-142 N8T98F MC8T98L 7-37
MC3487N MC3487P 7-142 N8T98N MC8T98P 7-37
MP5531CP MC1404U5 5-12 NES01A MC1733CL 2-162
MP5531DP MC1404U5 5-12 NE501K MC1733CG 2-162
MP5532CP MC1404U10 5-12 NE531G MC1439G 2-109
MP5532DP MC1404U10 5-12 NES31T MC1439G 2-109
N5556T MC1456G 2-127 NE531V MC1439P 2-109
N5556V MC1456P1 2-127 NES533G MC1776CG 2-189
NS5558F MC1458U 2-133 NES533T MC1776CG 2-189
N5558T MC1458G 2-133 NES533V MC1776CG 2-189
N5558V NC1458P1 2-133 NES537G MC1456G 2-127
N5595A MC1495L 11-26 NE537T MC1456G 2-127
N5595F MC1495L 11-26 NES540L MC1554G 2-123
N5596A MC1496L 8-13 NES50A MC1723CP 3-115
N5596K MC1496G 8-13 NES50L MC1723CG 3-115
N5709A MC1709CP1 2-158 NES55JG MC1455U 11-5
N5709T MC1709CG 2-158 NE555L MC1455G 1-5
N5709V NC1709CP1 2-158 NES55T MC1455G 11-5
N5723A MC1723CP 3-115 NES5561FE 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 OoP-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-01P MC1436P1 2-101
N5748T MC1748CG 2-185 OP-08A MC1776 2-189
N8T15A MC1488L 7-48 OP-088B MC1776 2-189
NB8T15F MC1488L 7-48 OP-08C MC1776 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
N8T26AJ MC8T26AL 7-27 OP-27CJ OP-27Cz 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
N8TI58 MCB8T95P 7-37 RC1437DP MC1437P 2-105
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RC1437D MC1437L 2-105 REF-01DZ MC1404U10 5-12
RC1458DN MC1458P1 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 RBM4136J MC3503L 2-208
RC4131T 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 RM4558JG 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 S$5596K MC1596G 8-13
RC747D MC1747CL 2-181 55709G MC1709U 2-158
RC747T MC1747CG 2-181 S5709T MC1709G 2-158
RC748T MC1748CG 2-185 S5723T MC1723G 3-115
RC75107ADP MC75107P 7-168 S$5733K 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 MC758110P 7173 SES01K MC1733G 2-162
RC75109D MC75S8110L 7-173 SES531G MC1539G 2-109
RC75110DP MC75S110P 7-173 SES31T MC1539G 2-109
RC75110D MC75S110L 7-173 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 SES37T MC1556G 2-127
REF-01DJ MC1404U10 5-12 SE550L MC1723G 3-115
REF-010P MC1404U10 5-12 SE5561FE MC35060L 3-188
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SE592A SE592L 2-342 SG1495D MC1495L 11-26
SE582K 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 SG1501AJ 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 LM1084 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 2-49 SG1556T MC1556G 2-127
SG111D LM111J 2-54 SG1558T MC1558G 2-133
SG111T LM111H 2-54 SG1568J MC1568L 3-109
SG117K M117K 3-21 SG1568T MC1568G 3-109
SG117R LM117K 3-21 SG1595D MC1595L 11-26
SGU7T LM117H 3-21 SG1596D MC1596L 8-13
SG118T MC1741SG 2-17§ SG1596T MC1596G 8-13
SG1217T MC1741SG 2-175 SG1660D LM301AH 2-45
8G1217 MC1741G 2-170 SG1660J L.M3084 2-49
SG123K LM123K 3-37 SG1660M LM308N 2-49
SG1244 LM1244 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 11-12 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
SG1436M MC1436U 2-101 SG201T LM201AH 2-45
SG1436T MC1436G 2-101 SG2074 MC1741C 2-170
SG1456CT MC1456CG 2-127 SG207M MC1741C 2-170
SG1456T 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
S$G208T LM208H 2-49 SG308AM LM308AN 2-49
SG209K LM209K 3-16 SG308AT LM308AH 2-49
SG209R LM209K 3-16 SG308J LM308J 2-49
$G209T LM209H 316 SG308M LM308N 2-49
SG2118AJ LM208AJ 2-49 SG308T LM308H 2-49
SG2118AM LM208AJ-8 2-49 SG309K LM309K 3-16
SG2118AT LM208AH 2-49 SG309P LM309K 3-16
S$G2118J LM208J 2-49 SG309R LM309K 3-16
SG2118M LM2084-8 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 3-21 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
SG223K LM223K 3-37 SG317P LM317T 3-21
SG224J LM224J 2-60 SG317R LM317T 3-21
SG224N LM224N 2-60 SG317T LM317H 3-21
8G2250T MC1776G 2-189 8G318J MC1741SCL 2-175
SG237K LM237K 3-43 SG318M MC1741CP1 2-170
SG237R LM237K 3-43 SG318T MC1741CG 2-170
SG237T LM237H 3-43 $G324J LM324J 2-60
SG2402N MC1494L 11-12 SG324N LM324N 2-60
SG2402T MC1494L 11-12 SG3250T MC1776G 2-189
SG2501AD MC1468L 3-109 SG337K LM337K 3-43
SG2501AT MC1468G 3-109 SG337P LM337T 3-43
SG2501D MC1468L 3-109 SG337R LM337T 3-43
SG2501J MC1468L 3-109 SG337T LM337H 3-43
SG2501N MC1468L 3-109 SG3402N MC1494L 11-12
SG2501T MC1468G 3-109 SG3402T MC1494L 11-12
S$G2502J) MC1468L 3-109 SG340K-05 LM340K-5.0 3-50
SG2502N MC1468L 3-109 SG340K-08 LM340K-8.0 3-50
SG2503M MC1403AU 58 SG340K-12 LM340K-12 3-50
SG2503T MC1403AU 58 SG340K-24 LM340K-24 3-50
SG2503Y TL4941) 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
S$G3502 MC1468L 3-109 SG748CN MC1748CP1 2-185
SG3502N MC1468L 3-109 SG748CT MC1748CG 2-185
SG3503M MC1403U 5-8 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 SG777J 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 1-41 SG7805T MC7805K 3-135
SG556CN MC3456P 11-41 SG7806ACP MC7806ACT 3-135
SG556J MC3456L 11-41 SG7806ACR MC7806ACT 3-135
8G723CD 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
SG7234 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 MC78MO08ACT 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 MC1741SG 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
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 3-171
SG7812K MC7812K 3-135 SG7908CR MC7908CT 3171
SG7815ACK MC7815ACK 3-135 SG7908CT MC7908CT 3174
SG7815ACP MC7815ACT 3-135 SG7912ACK MC7312ACK 3-171
SG7815ACR MC7815ACT 3-135 SG7912ACP MC7912ACT 3171
SG7815ACT MC7815ACT 3-135 SG7912ACR MC7912ACT 3-171
SG7815AK MC7815AK 3-135 SG7912ACT MC7912ACT 3171
SG7815AR MC7815AK 3-135 SG7912CK MC7912CK 3171
SG7815AT MC7815AK 3-135 SG7912CP MC7912CT 3171
S8G7815CK MC7815CK 3-135 SG7912CR MC7912CT 3-171
SG7815CP MC7815CT 3-135 SG7912CT MC7912CT 3-171
SG7815CR MC7815CT 3-135 SG7915ACK MC7915ACK 3171
SG7815CT MC7815CT 3-135 SG7915ACP MC7915ACT 3-171
SG7815K MC7815K 3-135 SG7915ACR MC7915ACT 3-171
SG7815R MC7815K 3-135 SG7915ACT MC7915ACT 3171
SG7815T MC7815K 3-135 SG7915CK 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 LM323K 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 SN751078N MC75107P 7-168
SG7824ACT MC7824ACT 3-135 SN75108AJ MC75108L 7-168
SG7824CK 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
SG7824R MC7824K 3-135 SN75110AN MC75S110P 7-173
SG7824T MC7824K 3-135 SN75121J MC3481/5L 7-134
8G7905.2CP MC7905.2CT 3-171 SN75121N MC3481/5P 7-134
5G7905.2CR MC7905.2CT 3-171 SN75122J MC75125L 7-178
5G7905.2CT 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 MC7905CK 3-171 SN75127J MC75127L 7-178
SG7805CP 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 SS8S8201AP LM201AN 2-45
SN75129N MC75129P 7-182 S$8S207J MC1741C 2-170
SN751504 MC1488L 7-48 888207P 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 SS88741BJ MC1741G 2-170
SN75160N MC3447P/P3 7-72 SSS8741CJ MC1741CG 2-170
SN75188J MC1488L 7-48 S8S8741GJ MC17418G 2-175
SN75188N3 MC1488PDS 7-48 SS8S741GP MC17418SG 2-175
SN75188N MC1488P 7-48 SSS7414 MC1741G 2-170
SN75189AJ4 MC1489ALDS 7-54 SSS747BP MC1747L 2-181
SN75189AJ MC1489AL 7-54 SSS747CK MC1747CG 2-181
SN75189AN MC1489AP 7-54 888747CM MC1747CF 2-181
SN75189J4 MC1489LDS 7-54 SSS747CP MC1747CL 2-181
SN751894 MC1489L 7-54 SS8747GK MC1747G 2-181
SN75189N3 MC1489PDS 7-54 SS8S747GP 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
SN752084 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 LM339D 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 9-1038 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
S881074 MC1741 2-170 TA78008AP MC7808CT 3-135
S8S107P 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
S$S8S1458J MC1458G 2-133 TA78LO05AP MC78L0O5ACP 3-148
SS8S150BA-8Z MC1508L8 6-15 TA78LO05P MC78L05CP 3-148
S$851558J MC1558G 2-133 TA78LO0SAP MC78L0BACP 3-148
S8S201AJ LM201AH 2-45 TA78L008P MC78L08CP 3-148
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TA78LO12AP MC78L12ACP 3-148 TLO22ML LM158H 2-76
TA78L012P MC78L12CP 3-148 TLO44CJ LM324N 2-60
TA78L015AP 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
TA78L024AP MC78L24ACP 3-148 TLO72BCD MC33282D 2-296
TA78L024P MC78L24CP 3-148 TLO72BCP MC33282P 2-296
TA78MO5P MC78MOS5CT 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 UC1525Ad SG1525AJ 3-304
TA79012P MC7912CT 3-171 uc1526J SG1526J 3-311
TA79015P MC7915CT 3-171 UC1527AJ SG1527AJ 3-304
TA79018P MC7918CT 3-171 uC217K LM217K 3-21
TA79024P MC7924CT 3-171 UC237K LM237K 3-43
TA79LO05P MC79L05CP 3-180 UC250K LM250K 3-66
TA79L012P MC79L12P 3-180 UC2525AJ SG2525Ad4 3-304
TA79L015P MC79L15P 3-180 uCc2526J SG2526J 3-311
TA79L018P 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 UC3525A4 SG3525Ad 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 3-31
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 6-39 ULN2002AN MC1412P 7-41
TLO22CJG LM358J 2-76 ULN2003AJ4 MC1413LDS 7-41
TLO22CL LM358H 2-76 ULN2003AJ MC1413L 7-41
TLO22CP LM358N 2-76 ULN2003AN3 MC1413PDS 7-41
TLO22MJG LM158J 2-76 ULN2003AN MC1413P 7-41
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ULN2004AJ4 MC1416LDS 7-41 11A0802DC-3 MC1408L 6-15
ULN2004AJ MC1416L 7-44
X MC1508L 6-15
ULN2004AN3 MC1416PDS 7-41 HA0B02DM-1
ULN2004AN MC1416P 7-41 HA0802PC-1 MC1408P 6-15
ULN2139D MC1439G 2-109 LLACB02PC-2 MC1408P 6-15
ULN2139G MC1439G 2-109 MC1408P 6-15
A0B02PC-
ULN2139H MC1439P2 2-109 HADB0ZPC-3 LM101AS 245
ULN2139M MC1439P1 2-109 HA101AD
ULN2151D MG1741CG 2-170 HA101AF LM101AJ 2:45
ULN2151H MC1741CP1 2-170 LAT01AH LM101AH 2-45
ULN2151M MC1741CP1 2170
LM101AJ 2-45
ULN2156D MC1456G 2127 HA101D
ULN2156G MC1456G 2127 HA101F LM101AJ 2-45
ULN2156H MC1456G 2127 LATOTH LM101AH 2-45
ULN2156M MC1456G 2127 HATO7H MC1741 2470
ULN2157K MC1456G 2927
ULN2264A MC13010P 9-103 HMA108AD LM108AJ 2-49
ULN2741D MC1741CG 2-170 UA108AF LM108AH 2-49
ULN2747A MC1747CL 2-181 HAT08AH LM108AH 2-49
ULN8126A SG3526N 3-311
LLA108D LM108J 2-49
ULN8126R $G3526J 3-311
ULQB126A SG2526N 3-311 HA108H LM108H 2-49
ULQ8126R SG35264 3-311 LAT09KM LM109K 3-16
ULS2139D MC1539G 2-109 A17KM LMI17K 321
ULS2139G MC1539G 2-109 H
UA1391PC MC1391P 9-63
ULS2139H MC1539L 2-109
ULS2139M MC1439P1 2-109 LLA1458CHC MC1458CG 2-133
ULS2151D MC1741G 2-170 MC1458CP1 2133
ULS2151M MC1741CP1 2170 HA1458CP MO145500 2133
ULS2156D MC1556G 2-127 UA1458CRC
UA1458CTC MC1458CP1 2-133
ULS2156G MC1556G 2-127
ULS2156H MC1556G 2-127 {LA1458E MC1458G 2-133
ULS2156M MC1556G 2-127
MC1558G 2-133
ULS2157A MC1558U 2-133 HA1458HC
ULS2157H MC1558U 2-133 UA1458P MC1458P1 2133
UA1458RC MC1458U 2-133
ULS2157K MC1558G 2-133
ULS8126R SG15264 3-310 MC1458P1 2133
ULX8161M MC34060P 3-188 HAT458TC Mot 5
UPC1373 MC3373P 973 HA1558E 58G 2133
UPD6950C MC10319 6-39 LLA1558HM MC1558G 2133
A201AD LM201AJ 2-45
uvC3101 MC10319 6-39 HAZD
XR082CP TLO82CP 2374
-45
XR082M TLO82MJG 2374 LA201AF LM201AJ 2
XR084CN TLOB4CJ 2-374 WA201AH LM20TAH 2-45
XR082CN TLOB2CJG 2374 {1A201D LM201AJ 2-45
LM201AJ 2-45
XR084CP TLO84CN 2.374 HAZ01F
XRO84M TLO84MJ 2-374
XR3470A MC3470AP 7-109 WA201H LM201AH 2-45
UA0802DC-1 MC1408L 6-15 UA207H MC1741C 2-170
UA0802DC-2 MC1408L 6-15 UA208AD LM208AJ 2-49
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UA208AF LM208AH 2-49 UA494PC TL494CN 3-336
WA208AH LM20BAH 2-49 UA555HC MC1455G 1-5
LA208D LM2084 2-49 UAB55TC MC1455P1 11-5
HA208H LM208H 2:49 LA556DC MC3456L 11-41
HA209KM LM209K 318 LAS56PC MC3456P 11-41
UA217UV LM217K 3-21 UA702DC MC1733C 2-162
UA2240DC MC1455U 15 LLA702DM MC1733 2-162
UA2240PC MC1455P1 1-5 UA702FM MC1733 2-162
LA3D1AD LM301AJ 2-45 LLA702ZHC MC1733C 2-162
HA301AH LM301AH 2-45 UA702HM MC1733 2-162
UA301AT LM301AN 2-45 UA702MJ MC1733 2-162
WA3026HM CA3054 9-9 MAT02ML MC1733 2162
LA3045 MC3346P 9-70 LLAZO9AHM MC1709AG 2.158
LA3046DC MC3346P 9-70 UAT09AMJG MC1709AU 2-158
UA3054DC CA3054P 99 LLA709AML MC1709AG 2-158
UA3064PC MC13010P 9-103 UA709CIG MC1709CU 2-158
HAZ07T LM307N 2-87 LA709CL MC1709CG 2158
UA308AD LM308AJ 2-49 UA709CP MC17038CP1 2-158
UA308AH LM308AH 249 LATO9HC MC1709CG 2-158
UA308D LM308J 2-49 WA70SHM MC1709G 2-158
HA308H LM308H 2-49 UA709MIG MC170sU 2-158
UA309KM LM309K 3-16 UAT09ML MC1709G 2158
UA311T LM311N 2-54 LLA709TC MC1709GP1 2-158
UA317KC LM317K 3-21 HA715DC MC17415CU 2175
UA317UC LM317T 3-21 LLA715DM MC1741SU 2175
UA3301P MC3301P 2-198 UA715HC MC1741SCG 2-175
WA3302P MC3302pP 2-66 HAT5HM MC17415G 2-175
UA3303P MC3303P 2-208 HA723CF MC1723CL 3115
|1A3401P MC3401P 2198 LIA723CJ MC1723CL 3-115
1A3403D MC3403L 2-208 JLA723CL MC1723CG 3-115
UA3403P MC3403P 2-208 HA723CN MC1723CP 3-115
UA4136DC MC4741CL 2-245 UA723DC MC1723CL 3-115
A4136DM MC4741L 2-245 LLA723DM MC1723L 3-115
HA4136PC MC4741CP 2.245 LAT23F MC1723L 3-115
HLA431AWC TL431CP 517 LA723HC MC1723CG 3-115
LA4558HC MC4558CG 2-241 {A723HM MC1723G 3-115
UA4558HM MC4558G 2-241 JLA723MJ MC1723L 3-115
LA4558TC MC4558CP1 2-241 HA723ML MC1723G 3-115
1A494DC TL494CY 3-336 HA723PC MC1723CP 3-115
UA494DM TL494MJ 3-336 UA725AHM LM108AH 2-49
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LA725EHC LM308AH 2-49 LA747M MC1747L 2-181
HA725HC LM308AH 2-49 LA747ML MC1747G 2-181
HA725HM LM108AH 2-49 HA747PC MC1747CP2 2-181
HA733CJ MC1733CL 2-162 UA748AHM MC1748G 2-185
UA733CL MC1733CG 2-162 UA748CJG MC1748CU 2-185
WA733CN MC1733CP 2-162 UA748CL MC1748CG 2-185
UA733DC MC1733CL 2-162 UA748CP MC1748CP1 2-185
HA733DM MC1733L 2-162 LAT48HC MC1748CG 2-185
UA733FM MC1733F 2-162 UA748HM MC1748G 2-185
UAT733HC MC1733CG 2-162 UA748MIG MC1748U 2-185
UA733HM MC1733G 2-162 HA748ML MC1748G 2-185
HA733MJ MC1733L 2-162 UAT748TC MC1748CP1 2-185
HA733ML MC1733G 2-162 UA757DC MC1350P 9-19
HA734DC LM311J 2-54 MA757DM MC1350P 9-19
LLA734DM LM311J 2-54 LA7T2 MC17418 2-175
WAT734HC LM311H 2-54 UA775DC LM338J 2-66
ULA734HM LM311H 2-54 HA775DM LM3384 2-66
HA740HC LF355H 2-17 UA775PC LM339N 2-66
HA741ADM MC1741L 2-170 HA7760C MC1776CG 2-189
HA741AHM MC1741G 2-170 LA776DM MC1776G 2-189
HA741CJG MC1741CU 2-170 UA776HC MC1776CG 2-189
UA741CL MC1741CG 2-170 UA776HM MC1776G 2-189
UA741CP MC1741CP1 2-170 UA776TC MC1776CP1 2-189
UA741EHC MC1741G 2-170 UA777CJG LM308AJ-8 2-49
UA741HM MC1741G 2-170 HA777CJ LM308AJ-8 2-49
UA741MIG MC1741U 2-170 UA777CL LM308AH 2-49
UA741ML MC1741G 2-170 UA777CN LM308AN 2-49
UA741RC MC1741CU 2-170 LA777CP LM308AN 2.49
UA741RM MC1741U 2-170 UA777DC LM308AJ-8 2-48
WA742DC CA3053 4-9 HA777HC LM308AH 2-49
UA747ADM MC1747L 2-181 UA777MIG LM108AJ-8 2-49
UA747AHM MC1747G 2-181 HA777MJ LM108AJ-8 2-48
UA747CL MC1747CG 2-181 UA777ML LM108AH 2-49
UA747CN MC1747CP2 2-181 UA777TC LM308AN 2-49
UA747DC MC1747CL 2-181 UA7805CKC MC7805CT 3-135
LLA747DM MC1747L 2-181 LLA7805KC MC7805CK 3135
UA747EDC MC1747CL 2-181 WA7805KM MC7805K 3-135
WA747EHC MC1747CG 2-181 UA7805UC MC7805CT 3-135
UAT747HC MC1747CG 2181 HA7805UV MC7805BT 3-135
HA747HM MC1747G 2-181 LATB0SCKC MC7808CT 3-135
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HATB0BKC MC7808CK 3-135 LLAZBLOSCLP MC78LO5CP 3-148
UA7806KM MC7806K 3-135 LA78LOSHC MC78LO5CG 3-148
HAT7806UC MC7806CT 3-135 HA78LOSWC MC78LO5CP 3-148
UAT7806UV MC7806BT 3-135 HA78LOBACIG MC78LOBACG 3-148
MAT7808CKC MC7808CT 3-135 LATBLOBACLP MC78LOBACP 3-148
UAT808KC MC7808K 3-135 HA78LOBAWC MC78LOSACP 3-148
HA7808KM MC7808K 3-135 HAT78LOBCJG MC78L09CG 3-148
UA7808UC MC7808CT 3-135 UA78LOSCLP MC78L08CP 3-148
HA7808UV MC7808BT 3-135 LA78L12ACJG MC78L12ACG 3-148
LLA7812CKC MC7812CT 3-135 LA7BLI2ACLP | MC78L12ACP 3-148
UAT7812KC MC7812CK 3-135 UAT78L12AHC MC78L12ACG 3-148
UA7812KM MC7812K 3-135 UA7BLI2AWC MC78L12ACP 3-148
HA7812UC MC7812CT 3-135 HA78L12CJG MC78L12CG 3-148
HATB12UV MC7812BT 3-135 WA78L12GLP MC78L12CP 3-148
UA7815CKC MC7815CT 3-135 NA78L12HC MC78L12CG 3-148
UAT7815KC MC7815CK 3-135 UA78L12WC MC78L12CP 3-148
LLA7815KM MC7815K 3-135 LLATBL15ACIG MC78L15ACG 3148
UA7815UC MC7815CT 3-135 LA7BLISACLP | MCTBLISACP 3-148
HAT815UV MC7815BT 3-135 HA78L15AHC MC78L15ACG 3-148
UA7818CKC MC7818CT 3-135 HA7BLISAWC MC78L15ACP 3-148
UA7818KC MC7818CK 3-135 UA78L15CIG MC78L15CG 3-148
UA7818KM MC7818K 3-135 MA78L15CLP MC78L15CP 3-148
UA7818UC MC7818CT 3-135 UA78L15HC MC78L15CG 3-148
HA7818UV MC7818BT 3-135 UA78L15WC MC78L15CP 3-148
UAT7824CKC MC7824CT 3-135 HA7BL1BAWC MC78L18ACP 3-148
WAT7824KC MC7824CK 3-135 MA78L24AHC MC78L24ACG 3-148
UAT7824KM MC7824K 3-135 UA78L24AWC MC78L24ACP 3-148
UAT7824UC MC7824CT 3-135 LA78MOSCKC MC78MOSCT 3-154
UA7824UV MC7824BT 3-135 UA78MOSCKD MC78MO5CT 3-154
MA78GHM LM117K 3-21 LLA7BMOSCLA MC78MO5CG 3-154
UA78GKC LM117K 3-21 LA7EMOSHC MC78MOSCG 3-154
UA78GKM LM117K 3-21 LLA78MO5HM MC78MO5CG 3-154
UA78GUIC LM317T 3-21 HA78MOSUC MC78MO5CT 3-154
UA78GUC LM317T 3-21 UA78MOBCKC MC78M06CT 3-154
LA78HOSKC MC7805CK 3-135 UA78MOBCKD MC78M06CT 3-154
HA78LOSACJG MC78LOSACG 3-148 UA78MOSUC MC78M06CT 3-154
UA78LOSACLP MC78LOSACP 3-148 UA78MOBCKC MC78M08CT 3-154
UA78LOSAHC MC78LOSACG 3-148 LLA78MOBCKD MC78M08CT 3154
MA78LOSAWC MC78LO5ACP 3-148 MA7BMOBCLA MC78M08CG 3-154
UA78LOSCJG MC78L05CG 3-148 UA78MOBHC 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 1-1 1o 1-6.

Motorola Motorola Motorola Motorola
Direct Similar Direct Simitar

Part Number Repl. Repl Page Part Number Repl Repl: Page
UA78MO8SHM MC78M08CG 3-154 UA7915KC MC7915CK 3-171
HA78M08UC MC78M08CT 3-154 UA7915KM MC7915CK 3-171
UA78M12CKC MC78M12CT 3-154 HA7915UC MC7915CT 3-171
HA78M12CKD MC78M12CT 3-154 HAT7918CKC MC7918CT 3-171
WA7BMI2CLA | MC78M12CG 3-154 (AT918UC MC7918CT 3-171
UA78M12HC MC78M12CG 3-154 UA7924CKC MC7924CT 3-171
A78M12HM MC78M12CG 3-154 HA7824UC MC7924CT 3171
UA78M12UC MC78M12CT 3-154 UA798DC MC1496L 8-13
UA78M15CKC MC78M15CT 3-154 LLA796DM MC1596L 813
HA78M15CKD MC78M15CT 3-154 UA796HC MC1496G 8-13
UA78M15CLA MC78M15CT 3-154 HA796HM MC1596G 8-13
WA78M15HC MC78M15CG 3-154 UA798HC MC3458G 2-230
HA78M15HM MC78M15CG 3-154 UA798HM MC3558G 2-230
HA78M15UC MC78M15CT 3-154 HA798RC MC3458U 2-230
UA78M18HC MC78M18CG 3-154 UA798RM MC3558U 2-230
HA78M18HM MC78M18CG 3-154 HLA798TC MC3458P1 2-230
UA78M18UG MC78M18CT 3-154 MAT99HC MC1741G 2-170
UA78M20CKC MC78M20CT 3-154 UA799HM MC1741G 2-170
[1A78M20CKD MC78M20CT 3-154 LA7ILOSAWGC MC79L05ACP 3-180
HA78M20UG MC78M20CT 3-154 MA79LOSHC MC79L05CG 3-180
UA78M24CKC MC78M24CT 3-154 UA79LOSWC MC79L05CP 3-180
HA78M24CKD MC78M24CT 3-154 HA7SL12AHC MC79L12ACG 3-180
HA78M24UC MC78M24CT 3-154 HA79L12AWC MC79L12ACP 3-180
UA78MGT2C LM317T 3-21 UA79L12HC MC79L12CG 3-180
HA78MGU1C LM317T 3-21 UA7SL12WC MC79L12CP 3-180
UA78MGUC LM317MT 374 LAZOLISAHC MC79L15ACG 3-180
UA7805.2CKC MC7905.2CT 3-171 HA7SL1SAWC MC79L15ACP 3-180
UA7905CKC MC7905CT 3-171 MA79L15HC MC79L15CG 3-180
UA7905KC MC7905CK 3-171 HA79L15WC MC79L15CP 3-180
HA7905KM MC7905CK 3-171 HA79MOSAUC MC79MOSCT 3-185
HA7905UC MC7905CT 3171 HAZOMOSCKC MC79MO5CT 3-185
NA7S06CKC MC7906CT 3-171 MA79MOBAUC MC7906CT 3-171
UA7906UC MC7906CT 3171 UA79MOBCKC MC7906CT 3171
MA7908CKC MC7908CT 3-171 MA79MOBUC MC7906CT 3-171
LLA7908KC MC7908CT 3-171 LLA7SMOBAUC MC7908CT 3-171
MA7912CKC MC7912CT 3171 UA79MOBCKC MC7908CT 3171
HAT7912KC MC7912CK 3-171 HA79MOBUC MC7908CT 3-171
LAT7912KM MC7912CK 3-171 HAZOM12AUC MC79M12CT 3-185
HA7912UC MC7912CT 3-171 HAZOM12CKC MC79M12CT 3-185
UA7915CKC MC7815CT 3-171 UA7SM1BAUC MC7918CT 3171
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CROSS REFERENCE ~ CONTINUED

Motorola Motorola Motorola Motorola
Direct Similar Direct Similar
Part Numb Repi 1 Rept it Page Part Number Replacement Replacement Page
UA79M18UC MC7918CT 3-171 UA79M24CKC MC7924CT 3-171
UA79M24AUC MC7924CT 3-171 UA79M24UC MC7924CT 3171
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In Brief ...

For over two decades, Motorola has continually
refined and updated integrated circuit technologies,
analog circuit design techniques and processes in
response to the ever-expanding needs of the market
place. The enhanced performance of present day oper-
ational amplifiers and comparators have come into
being through innovative application of these technol-
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
motor controls, instrumentation, aerospace, automo-
tive, telecommunication, medical and consumer
products.

Amplifiers
and Comparators
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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
[T Vio [TCvio{ N0 |Avol | (Ay=1) | (Ay=1) | Voltage
HA mV | uVrC 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 75 10 50 25 1.0 05 +3.0] =18 General Purpose H, N/626, J/693
LM308 7.0 75 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 0.3 +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
McC1709C 1.5 7.5 15 500 15 1.0 0.3 *3.0| =18 General Purpose G/601, P1, U
MC1748C 05 6.0 15 200 20 1.0 0.5 +3.0f =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) 22 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 | 05 1.0 0.2 80 1.0 0.3 +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 +3.0f =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 4.2 +4.0| £18 High Slew Rate G/601
MC1709 0.5 5.0 15 200 25 1.0 0.3 +3.0( +18 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 05 5.0 15 200 50 1.0 0.5 +3.0( x22 General Purpose G/601, U
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BW SR Supply
g Vio | TCvio | Lo | Avot | (Ay=1) | (Ay=1) Volitage
nA mV | uV/rec 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 50 [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
LF3568 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 | 50pA | 50 3.0 75 +5.0| =18 | Wideband FET Input H/601, J/693
LF3578 100 pA| 5.0 5.0 20 pA | 50 20 50 +501( £22 JFET Input H/601, /693
LF441C 100 pA| 5.0 10 50 pA | 25 20 6.0 *50]| +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 |25pA| 50 1.0 03 +3.0| =20 Precision H, N/626, J/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 20 +15 | =34 High Voltage G/601, U
MC1456 0.03 10 12 10 70 1.0 25 *3.0| =18 High Performance G/601, P1, U
MC1733C 30 — —_ 5.0 uA| 80 90 — +4.0 8.0 | 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 0.5 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 45 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 +5,0| =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| 20 10 0.05 25 4.0 10 +2.5| =18 | Low Power JFET Input P/626
OP-27F 0.055 | 0.06 0.3 50 1000 8.0 2.8 +4.0| =22 | Low Noise, Precision P/626
OP-27G 0.08 | 0.1 0.4 75 700 8.0 28 +4,0| 22 | Low Noise, Precision P/626
TLO61AC 200 pA| 6.0 10 100 pA| 4.0 2.0 6.0 +25| +18 | Low Power JFET Input P/626
TLOB1C 200 pA| 15 10 |200 pA| 4.0 20 6.0 +25| =18 | Low Power JFET Input P/626
TLO71AC 200 pA} 6.0 10 50 pA | 50 4.0 13 +5.0| =18 | Low Noise, JFET input P/626, JG
TLO71C 200 pA| 10 10 50 pA | 25 4.0 13 +50! 18 | Low Noise, JFET Input Pi626, 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| =22 { Low Noise, Precision 4
OP-27G 0.08 0.1 0.4 75 700 8.0 28 +4.0| =22 | Low Noise, Precision 4
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 4.5 10 20 50 1.8 2.1 +3.0| +44 Low Power, Single P/626
Supply
MC33181 0.1 nA} 2.0 10 0.05 25 4.0 10 +25| =18 | Low Power JFET Input P/626
TLOBTV 200 pA| 6.0 10 (100 pA[ 4.0 20 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) | Voltage
pA mV | uV/re nA (V/mV| MHz Vius v Package
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix
Internally Compensated
Military Temperature Range (—55°C to + 125°C)
MC1536 0.02 5.0 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 — — 3.0uA | 90 90 - +4.0{ 8.0 | Differential Wideband G/603, L
Video Amp
MC1741 0.5 5.0 15 200 50 1.0 0.5 +3.0f £22 General Purpose G/601, U
MC1741S 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 +5.0| =22 JFET Input G/601, U
MC35001B {100 pA| 5.0 10 50 pA | 50 4.0 13 *5.0) =22 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 4.5 10 +3.0| +44 Single Supply U
MC35080 (200 pA| 1.0 10 100 pA| 25 16 55 +5.0( =22 Decompensated U
MC35080A 200 pA| 0.5 10 100 pAl 50 16 55 +50| *22 MC35081 for A,=2 U
MC35081 200 pA| 1.0 10 100 pA| 25 8.0 30 +5.0 | =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 V)
MC35171 0.1 4.5 10 20 50 1.8 2.1 +3.0| +44 Low Power, Single U
Supply
MC35181 0.1 nA| 20 10 0.05 25 4.0 10 +2.5| +18 | Low Power JFET Input U
OP-278 0.055 | 0.06 [ 0.3 50 1000 8.0 2.8 +4.0| £22 | Low Noise, Precision z
OP-27C 0.08 0.1 0.4 75 700 8.0 28 +4.0) =22 | Low Noise, Precision 4
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
1B | Vio [TCvio| 10 |Avol|(Ay=1}]| (Ay=1)| Voltage
pA mV | uV/°C nA (V/imV| 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)
[mctas7 [ 15 [75[ 10 [ 500 [ 15 | 10 | 025 [=30] 218]  buaimcios | L Pieds
Military Temperature Range (—55°C to +125°C)
Mc1537 | 05 [60 [ 10 | 200 [ 25 | 10 | 025 |=30[=18]  DualMcizos | L
Internally Compensated
Commercial Temperature Range (0°C to +70°C)
LF353 200 pA| 10 10 100 pA| 25 4.0 13 +50! =18 JFET Input N/626
LF442C 100 pA| 5.0 10 50 pA | 25 2.0 6.0 +5.01 18 | Low Power JFET Input N/626
LM358 0.25 6.0 7.0 50 25 1.0 0.6 *156) €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 11 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 +30| =18 High Slew Rate G/601, P1, U
MC1747C 0.5 6.0 10 200 25 1.0 05 +=3.0| =18 Dual MC1741 G/603, L, P2
MC3458 0.5 10 7.0 50 20 1.0 0.6 +15) =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 v 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 +5.0, =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] =22 High Frequency G/601, U
MC35002 100 pA| 10 10 100 pA} 25 4.0 13 +5.0] £22 JFET Input G/601, 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} | Voltage
uA mV | uV/°C | 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 *5.0( 22 Decompensated u
MC35083A 200 pA| 1.0 10 100 pA| 50 16 55 +50] +22 MC35082 for A, =2 U
MC35172 0.1 45 10 20 50 1.8 21 +3.0) +44 Low Power, Single U
Supply
MC35182 |0.1nA| 3.0 10 0.05 25 4.0 10 +25] =18 | Low Power JFET Input V]
TLO62M 200 pA| 6.0 10 100 pA| 4.0 20 6.0 +2.5| =18 | Low Power JFET Input JG
TLO72M 200 pA| 6.0 10 50 pA | 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
s Vio {TCvio| o | Avoi | (Ay=1} | [Ay=1} | Voltage
pA mV | uV/rC nA |VimV| MHz Vius \" 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 pA} 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
LMm324 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| £18 Quad MC1741 J/632, N/646
MC3401/ 0.3 — — — 1.0 5.0 0.6 +15}) =18 Norton Input J/632, N/646
L3300 +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 +30| =18 Quad MC1741 L, P/646
MC34004 200 pA| 10 10 100 pA| 25 4.0 13 +50| £18 JFET Input L, P/646
MC34004B | 200 pA| 5.0 10 100 pA| 50 4.0 13 *50) =18 JFET Input L, P/646
MC34074 05 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 |100pA| 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 +5.0 | +22 | High Speed, JFET input P/646
MC34085 1200 pA| 12 10 100 pA| 25 16 55 *+5.0] =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 +251 £18 | Low Power JFET Input P/646
TLO64AC 200 pA| 6.0 10 100 pA} 4.0 2.0 6.0 +25| =18 | Low Power JFET Input N/646
TLOBAC 200 pA| 15 10 200 pA| 4.0 2.0 6.0 +251 £18 | Low Power JFET Input N/646
TLO74AC 200 pA| 6.0 10 50 pA | 50 4.0 13 +50( +18 | Low Noise JFET Input J/632, N/646
TLO74C 200 pA| 10 10 50pA | 25 4.0 13 +5.0] =18 | Low Noise JFET Input J/632, N/646
TLOB4AC 200 pA) 6.0 10 100 pA| 50 4.0 13 +50| =18 JFET Input J/632, N/646
TLO84C 400 pA| 15 10 1200 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 05 | 10 | — 50 | — 1.0 0.6 |=15] =13 Differential J/632, N/646
+3.0| +26 Low Power
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OPERATIONAL AMPLIFIERS (continued)

BW SR Supply
lig Vio |TCvio| ho | Avol | (Ay=1) | (Ay=1) | Voltage
A mV | uVPC | nA |VimV| MHz Vius v Package
Device Max | Max | Typ Max | Min Typ Typ Min Max Description Suffix
Automotive Temperature Range (—40°C to +85°C} (continued)
MC3301/ 0.3 e - — 1.0 40 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 4.5 10 75 25 4.5 10 +30( +44 High Performance, L, P/646
Single Supply
MC33074A |500 nA| 3.0 10 50 50 4.5 10 +3.0] +44 | Quad High Performance L, P/646
MC33079 |750nA| 2.5 2.0 150 | 31.6 9.0 7.0 +5.0| =18 Quad Low Noise N/646
MC33174 0.1 4.5 10 20 50 1.8 21 +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 +2.5| =18 | Low Input Offset JFET P/646
TLO64V 200 pA| 9.0 10 100 pA| 4.0 20 6.0 +2.5) =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 47511286 CMOS, Low Power, L, P/646
Drives Low-Impedance
Loads
MC143404 [ 1.0nA| 30 — ]200 pA|60 dB 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 +15| +18 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 *50]| =22 JFET Input L
MC35074 0.5 5.0 10 75 25 45 10 +3.0( +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 +6.0( 22 Decompensated L
MC35085A (200 pA| 6.0 10 100 pA| 50 16 55 +50) £22 MC35084 for A,=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 +251 £18 | Low Power JFET Input L
TLO64M 200 pA| 9.0 10 [100pA| 4.0 2.0 6.0 +25( 218 | Low Power JFET Input J/632
TLO74M 200 pA| 9.0 10 50 pA [ 35 4.0 13 +5.0| =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 pulse 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 usefu!
as pulse amplifier in tape, drum, or disc memory read
applications.

Operating Ay Bandwidth Veco/VEE
Temperature Range dB @ MHz 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 751D
— MC1490 — 50 10 +6.0 +18 626/P
35 100
MC1545 — MC1445 19 50 X 632/L
SE592 - NE592 52 40 +4.0 +8.0 603/H, 632/F
40 20 646/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
I }—' E I Inputs &
| E + + E |

Voo E 13] Vs

5 2

Inputs 2‘ [: * + l Inputs 3
Ia ol

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 I
Inputs 1 < j}:bj Inputs 4
( 3 12
vee| e 11 | vgg Gnd
Comp Op EE

2 Amp 2
(] o]
inputs 2 Inputs 3
6 k]
Qut2| 7 8[Out3

lsm‘»ﬂE 3‘32(3‘
hs Vio o Ayol Response Supply Voltage
pA 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
CMOSs
MC14573
MC14574 0.001 +30 0.0001 1.0 10* 3.0to 15 +15t0 =75 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)

VOLTAGE GAIN versus FREQUENCY (R = 16 OHMS)

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

1, FREQUENCY (Hz)
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Comparators

B |Vio| lho Ay | lo |Response Supply Temperature
pA | mV | pA | VV | mA Time Voltage Range Package
Device | Max | Max | Max | Typ | Min ns Vv 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 0.1 3.0 0.01 |200k| 8.0 200 +15, - 15 | from single supply ~25to +85 H, J-8
LM311 0.25 75 0.05 200k 8.0 200 +15, —15 0to +70 |H, N/626, J-8
CMOSs
MC14578 | 1.0 pA| 50 — — 1.1 — +3.5 to + 14| Requires only 10 pA from —-30to +70 D/7518,
single-ended supply P/648
Dual
BIPOLAR
LM193 0.1 5.0 | 0.025 |200k| 6.0 1300 +15to Designed for single or split |- 55 to +125 H
LM193A 0.1 2.0 | 0.025 {200k | 6.0 1300 *18 or supply operation, input ~55t0 +125 H
LM293 025 | 50 | 0.05 |200k] 6.0 1300 +3.0 to +36 | common mode includes —25to +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 0.25 2.0 0.05 [200k| 6.0 1300 Oto +70 H, N/626
LM2903 0.256 7.0 0.05 [200k| 6.0 1500 -40to +85 N/626
MC3405 0.5 10 0.05 |200k| 6.0 1300 *15t0 This device contains two Oto +70 L/632, P/646
MC3505 0.5 5.0 0.05 [200k| 6.0 1300 +7.50r op amps and two ~565to0 +125 L/632
+3.0to 15 | comparators in a single
package
CMOS
MC14575 | 0.001 | 30 |0.0001| 20k | 3.0 1000 +15to This device contains two —-40to +85 P/648
+7.50r op amps and two D/7518B
+3.0 to 16 | comparators in a single
package
Quad
BIPOLAR
LM139 0.1 5.0 | 0.025 [200k| 6.0 1300 +15to0 Designed for single or split | —55to +125 J
LM139A 0.1 2.0 | 0.025 [200k| 6.0 1300 *18or supply operation, input ~55to +125 J
LM239 0.25 50 | 0.05 [200k| 6.0 1300 +3.0 to +36 | common mode includes -25t0 +85 J, N/646
LM239A 0.25 2.0 0.05 |200k| 6.0 1300 ground (negative supply) —25to0 +85 J, N/64é
LM339 0.25 5.0 0.05 |200k| 6.0 1300 Oto +70 J, N/646
LM339A 0.25 2.0 0.05 {200 k| 6.0 1300 0to +70 J, N/646
LM2901 0.25 7.0 0.05 [100k| 6.0 1300 —40to +85 N/646
MC3302 0.5 20 0.5 30k | 6.0 1300 -40 to +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 | 16 33 +5.0, -5.0 | sense-amplifier Oto +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 LP
CMOS
MC14574 | 0.001 30 |0.0001| 20k} 3.0 10000 +15t0 Externally programmable —40to +85 P/648
+7.5 or power dissipation with one D/751B
+3.0 to + 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 Qperational Amplifiers ......... .. oo,
LF355,B Monolithic JFET Operational Amplifiers ......... ... ... oo,
LF356,B Monolithic JFET Operation Amplifiers ........... ... it
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 ......... ... oot
LM101A General Purpose Adjustable Operational Amplifier .......................
LM108,A Precision Operational Amplifiers ........... .. ... ... . il
LM124 Quad Low Power Operational Amplifier ............. ... .. ... .........
LM148 Quad MC1741 Operational Amplifier ........ .. ... ... i,
LM158 Dual Low Power Operational Amplifier ........ ... ... .. .. i,
LM201A General Purpose Adjustable Operational Amplifier .......................
LM208,A Precision Operational Amplifiers ......... .. i
LM224 Quad Low Power Operational Amplifier .......... ... ... ... i,
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
LM324,A Quad Low Power Operational Amplifiers ............ ... ... ... .o oo
LM348 Quad MC1741 Operational Amplifier .......... ... . ittt
LM358 Dual Low Power Operational Amplifier .......... .. .. ... i,
LVI833 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 ................ ... . .oiin,
MC1436.C High Voltage Operational Amplifiers ........ ... ... v i,
MC1437 Dual Operational Amplifier ....... ... .. i
MC1439 High Slew Rate Operational Amplifier ............ ... ... .. ... ... ...
MC1456,C High Performance Operational Amplifiers ........... ... ... .. ... ... ...
MC1458,C Dual Operational Amplifiers ......... ... i
MC1458S High Slew Rate Dual Operational Amplifier .............. ... ... oot
MC1480P Wideband Amplifier with AGC ... .. i it
MC1536 High Voltage Operational Amplifier ............ .. .. i i,
MC1537 Dual Operational Amplifier ....... ... ... i
MC1539 High Slew Rate Operational Amplifier ........... ... .. ... .. ... ... ...
MC1556 High Performance Operational Amplifier ......... ... .. ... oo,
MC1558 Low Noise Dual Operational Amplifier ............ .. ... ... i,
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 ....... ... i
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 ........ ... ... ... .. .. ...

MOTOROLA LINEAR/INTERFACE DEVICES

2-11



AMPLIFIERS

Operational Amplifiers (con’t)

Device Function Page
MC3458 Dual Low Power Operational Amplifier ................................. 2-230
MC3476 Programmable Operational Amplifier .................................. 2-236
MC3503 Quad Differential Input Operational Amplifier ........................... 2-208
MC3558 Dual Low Power Operational Amplifier ................... ... .......... 2-230
MC4558,AC,C Dual High Frequency Operational Amplifiers ............................ 2-241
MC4741,C Quad MC1741 Operational Amplifiers ................ ... ..o, 2-245
MC33071 High Performance, Single Supply Operational Amplifier .................. 2-306
MC33072 Dual High Performance, Single Supply Operational Amplifier ............. 2-306
MC33074 Quad High Performance, Single Supply Operational Amplifier ............. 2-306
MC33077 Dual Low Noise Operational Amplifier ................................. 2-250
MC33078 Low Noise Operational Amplifier ........... . ... .. ... .. ... iiuiin... 2-261
MC33079 Low Noise Operational Amplifier .......... ... . ... .. ... i, .. 2-261
MC33171 Low Power, Single Supply Operational Amplifier ........................ 2-270
MC33172 Dual Low Power, Single Supply Operational Amplifier.................... 2-270
MC33174 Quad Low Power, Single Supply Operational Amplifier ................... 2-270
MC33178 High Output Current, Low Power Operational Amplifier .................. 2-277
MC33179 High Output Current, Low Power Operational Amplifier .................. 2-277
MC33181 Low Power JFET Input Operational Amplifier ........................... 2-333
MC33182 Low Power JFET Input Operational Amplifier ........................... 2-333
MC33184 Low Power JFET fnput Operational Amplifier ........................... 2-333
MC33272 High Performance Operational Amplifier ............................... 2-287
MC33274 High Performance Operational Amplifier ............................... 2-287
MC33282 JFET Operational Amplifier ......... ... 2-296
MC33284 JFET Operational Amplifier ... i i 2-296
MC34001 JFET Input Operational Amplifier ............... ... ... ... . ... ... 2-299
MC34002 JFET Input Operational Amplifier ....... ... ... ... ... .. ... 2-299
MC34004 JFET Input Operational Amplifier ........ ... ... ... . i, 2-299
MC34071 High Performance, Single Supply Operational Amplifier .................. 2-306
MC34072 Dual High Performance, Single Supply Operational Amplifier ............. 2-306
MC34074 Quad High Performance, Single Supply Operational Amplifier ............. 2-306
MC34080 High Speed Decompensated (AycL = 2} JFET Input Operational

Amplifier ... 2-322
MC34081 High Speed JFET Input Operational Amplifier ........................... 2-322
MC34082 Dual High Speed JFET Input Operational Amplifier ...................... 2-322
MC34083 Dual High Speed Decompensated (Ayc| = 2} JFET Input

Operational Amplifier ...... ... . . 2-322
MC34084 Quad High Speed JFET Input Operational Amplifier ...................... 2-322
MC34085 Quad High Speed Decompensated (Aycy = 2} JFET Input

Operational Amplifier ........ .. . 2-322
MC34181 Low Power JFET Input Operational Amplifier ........................... 2-333
MC34182 Low Power JFET Input Operational Amplifier .......... ... ............. 2-333
MC34184 Low Power JFET Input Operational Amplifier ........................... 2-333
MC35001 JFET Input Operational Amplifier .......... ... .. ... .. ... ... 2-299
MC35002 JFET Input Operational Amplifier ............ .. ... .. . . . ... 2-299
MC35004 JFET Input Operational Amplifier ........ ... . .. ... .. .. . 2-299
MC35071 High Performance, Single Supply Operational Amplifier .................. 2-306
MC35072 Dual High Performance, Single Supply Operational Amplifier ............. 2-306
MC35074 Quad High Performance, Single Supply Operational Amplifier ............. 2-306
MC35080 High Speed Decompensated (AycL = 2) JFET Iinput Operational

Amplifier .. 2-322
MC35081 High Speed JFET Input Operational Amplifier ........................... 2-322
MC35082 Dual High Speed JFET Input Operational Amplifier ...................... 2-322
MC35083 Dual High Speed Decompensated (Aycp = 2) JFET Input

Operational Amplifier ....... ... . 2-322
MC35084 Quad High Speed JFET Input Operational Amplifier . ..................... 2-322
MC35085 Quad High Speed Decompensated (Aycy = 2) JFET Input

Operational Amplifier ......... .. . . 2-322
MC35171 Low Power, Single Supply Operational Amplifier ........................ 2-270
MC35172 Dual Low Power, Single Supply Operational Amplifier .................... 2-270

MOTOROLA LINEAR/INTERFACE DEVICES

2-12



AMPLIFIERS

High Frequency Amplifiers

Device

MC35174
MC35181
MC35182
MC35184
OP-27
TL061
TLO62
TLO64
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 Ampiifier ........................... 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 Amplifier ............................ 2-367
Low Noise JFET Input Operational Amplifier ............... ... ... .c..... 2-367
JFET Input Operational Amplifier ... ... 2-374
JFET Input Operational Amplifier ..., 2-374
JFET Input Operational Amplifier ........ ... . ... .. . . .. 2-374
IFAmMpPlfier. .o e See Chapter 9
Wideband Amplifier ....... .. . 2-117
Wideband Amplifier with AGC ........ ... ... i i 2-144
Wideband Amplifier ...... .. 2-117
Wideband Amplifier with AGC ......... . ... ... .. i, 2-150
Differential Video Amplifiers ....... ... i 2-162
Video Amplifier .. ... 2-342
Video Amplifier . ... ... 2-342

Miscellaneous Amplifiers

Device

MC1454G
MC1554G
MC3405
MC3505
TCA0372

Device

LM111
LM139,A
LM193,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 ... . i e 2-123
1-Watt Power Amplifier . ... .. i 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 . .............coooiiiiiiinennn.. 2-54
Quad Single Supply Comparators ...........c.coiiiriieiiiiiiiininnnnn. 2-66
Dual Comparators . ...... ...ttt e e 2-82
High Performance Voltage Comparator ............. ..., 2-54
Quad Single Supply Comparators . ..........c.oouuiiiivinnnninnnnnn.. 2-66
Dual Comparators . ... ... e 2-82
High Performance Voltage Comparator . ..., 2-54
Quad Single Supply Comparators ...........c..cvueuiniiiinnaninnnnnn.. 2-66
Dual Comparators . ... oottt e e e 2-82
Quad Single Supply Comparator ...........o.iiiiii i, 2-66
Dual Comparator . ... ... i 2-82
Dual Differential Voltage Comparator .............. ... iiiiinnan... 2-97
Dual Differential Voltage Comparator .............oviuiiinninninnennnn.. 2-97
Quad Single Supply Comparator ..........coitireinnniiin .. 2-66
Dual Operational Amplifier plus Dual Voltage Comparator ................ 2-214
High Speed Quad Comparator ............ .. iiiiiiiiiiiiiin. 2-222
High Speed Quad Comparator .............iiiiiiiniinninnnnnennn, 2-222
High Speed Quad Comparator ...........c.ouuiirniinniinia e 2-222
High Speed Quad Comparator .. .......ccieiiiiiininrinninennennannnnn. 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 .......... ...t 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 . ... i e MC3401

MOTOROLA LINEAR/INTERFACE DEVICES

2-14



MOTOROLA LF347

m SEMICONDUCTOR M LF351
TECHNICAL DATA LF353

FAMILY OF BIFET
JFET INPUT OPERATIONAL AMPLIFIERS OPERATIONAL AMPLIFIERS
SILICON MONOLITHIC

. . - . 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 internatly 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
MC1741, MC1458, and the MC3403/LM324 bipolar devices.

(LF351, LF353 Only)

D SUFFIX

PLASTIC PACKAGE
Q, CASE 751
8 - (S0-8)

e Input Offset Voltage of 5.0 mV Max (LF347B) 1 (LF351, LF353 Only)

o Low Input Bias Current - 50 pA Offset Null ."n Ne
Invt Input [3 Ve
e Low Input Noise Voltage — 16 nV/VHz Noninvt '"D“‘ [ output LF351

Vee 4 Flotisat Null  (Top View)
® Wide Gain Bandwidth ~ 4.0 MHz

® High Slew Rate — 13 V/us JOutput B | F353

}Inputs g (Top View)

e Low Supply Current - 1.8 mA per Amplifier

e High Input Impedance - 1012 0

N SUFFIX
X L PLASTIC PACKAGE
e High pommon-Mode and Supply Voltage Rejection CASE 646
Ratios - 100 dB {LF347 Only)
MAXIMUM RATINGS
out1 [ 14 Out 4
Rating Symbol Value Unit ! & B s
2 i3]
Supply Voltage Vee +18 v inputs 1 T . 2 Inputs 4
VEE -18 Bk 3
Differential input Voltage Vio +30 v Vee [3] i1 Vee
+
Input Voltage Range (Note 1) VIDR +15 \ Inputs 2 5 - Inputs 3
Output Short Circuit Duration (Note 2) ts Continuous 5=
Power Dissipation at Tp = + 25°C Po 900 mw Out 2 (2] Out 3
Derate above TA = +25°C 1oJA 10 mwrC (Top View)
Operating Ambient Temperature Range | Ta Oto +70 °C
Operating Junction Temperature Range Ty 115 °C ORDERING INFORMATION
Storage Temperature Range Tstg —-65to +150| °C Functi Device Package
NOTES: Single LF351D S0-8
A . o . Single LF351N Plastic DIP
1. Unless otherwise specified, the absolute maximum negative input voltage is
limited to the negative power supply. Dual LF353D S0-8
Dual LF353N Plastic DIP
2. Any amplifier output can be shorted to ground indefinitely. However, if more )
than one amplifier output is shorted simultaneously, maximum junction temperature guag ::ngzN Plasl!c D::
ratings may be exceeded. s 7 Plastic D

MOTOROLA LINEAR/INTERFACE DEVICES
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LF347, LF351, LF353

ELECTRICAL CHARACTERISTICS (Vcc = +15V, VEg = — 15V, Tp = 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) Vio 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 AV|o/AT — 10 — — 10 — uv/reC
Voltage
Rg =10k, 0°C < Tp < +70°C
Input Offset Current (Vepm = 0, Note 3) ho
TA = +25°C — 25 100 _ 25 100 pA
0°C<TA < +70°C — — 4.0 — — 4.0 nA
Input Bias Current (Vcpm = 0, Note 3) 1]}
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 1 +15 _ -1 +15 _ \
-12 -12
Large-Signal Voltage Gain (Vo = 10V, R = 20k | AyQL 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 — 3
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 D mA
LF347 — 7.2 11 — 7.2 m
LF351 —_ — — — 1.8 34
LF353 — — — — 3.6 6.5
Slew Rate (Ay = +1) SR — 13 — — 13 —_ Vius
Gain-Bandwidth Product BWp — 4.0 — — 4.0 — MHz
Equivalent input Noise Voitage 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 utifized during test.
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MOTOROLA

m SEMICONDUCTOR mns
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 Ve

Low Input Offset Current — 3.0 pA (Top View)

Low tnput Offset Voltage — 1.0 mV

Temperature Compensation of Input 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 LF355/355B — Low Power Supply Current Vgg 4 5 Offset Null
® |LF356/356B — 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
LF355BJ,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).

MOTOROLA LINEAR/INTERFACE DEVICES
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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 Vip +40 +30 \
Input Voltage Range (Note 1) VIDR +20 +16 \
Output Short-Circuit Duration Ts Continuous

Operating Ambient Temperature Range TA Oto +70 °C
Operating Junction Temperature T) 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
<]
1 5 . V7cc
a1
3 })
[e¥]
ss __(\/23
c2
: J8 i Q4
) J 10 pF** D1 \_‘ / cL
2 4 FDZ 25 out
Inv. Input — O
as R1 6
5
{+)
3 1|42
Non-Inv, VeE
Input
R2 R3
8
97 30 30 ©
, ]
]
c1
J10 a1 L
T, sRa RS A6 DaY Y
10pF" 10k 7 5.0k 5.0 k i
VEE

*C1 = 5.0 pF on LF357.
*4C2 = 2.0 pF on LF357.

MOTOROLA LINEAR/INTERFACE DEVICES
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LF355, LF356, LF357, LF355B, LF356B, LF357B

DC ELECTRICAL CHARACTERISTICS (Vcc = 151020 V, Vgg = —15to —20 V for LF355B/356B/357B; Vcc = 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 Q, Vcm = 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|0/AT — 5.0 —_ - 5.0 - uvree

Voltage

(Rg = 50 1)

Change in Average TC with V|g Adjust ATC/AVIQ| — 0.5 . — 0.5 - wvrc

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

{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) g

(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 Voitage Gain AvoL VimV

(Vo = =10V,R. = 20k Vcc = 15V,

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

(Ve = 18V, VEg = 15V, R = 10 k) +12 +13 — 12 +13 —

(Vcg = 15V, Vgg = =15V, R = 2kQ) +10 +12 — +10 +12 —

Input Common-Mode Voltage Range VicR * +15.1 - +10 +16.1 - \

(Vce = 15V, 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 — dB
Supply Current (TA = 256°C, Vgc = 15V, Ip mA

VEg = —15V)

LF355B/355 - 2.0 4.0 — 2.0 4.0

LF356B/3578 - 5.0 7.0 — - —

LF356/357 - — — — 5.0 10
AC ELECTRICAL CHARACTERISTICS (Voc = 15V, 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 Vips

(Ay = 1) LF355/356 — | 80| —|76] 12| —|—]| — | —

{Ay = 5) LF357 - -} -] =)=} —]3]5 | —
Gain-Bandwidth Product GBW — 25| — | — |50 —} — ] 20 | — MHz
Settling Time to 0.01% (Note 6) tg — |40 — | — (1B ]| — | —|16]| — s
Equivalent Input Noise Voltage en nV/IVHz

(Rg = 100 Q, f = 100 Hz) — |2 | - =15 —|—115]| —

(Rg = 100 Q, f = 1000 Hz) —l20|—-]—-112|—1—112]—
Equivalent Input Noise Current in pA/VHz

(f = 100 Hz) — 1001} — | — 001 — | — |00V} —

(f = 1000 Hz) — |00t — | —|0O1| — | — [001] —

Input Capacitance Ci — |30 | —}— |30} — | —|30] — pF
NOTES
(1) Unless otherwise specified, the absolute maximum negative input tudes increasing or decreasing sir ly, in d with

voltage is equal to the negative power supply.

(2) The temperature coefficient of the adjusted input offset voltage

changes only a small amount {0.5 xV/°C typically) for each mV of

dj from its original dj d value. Common-mode re-
jection and open loop voltage gain are also unaffected by offset
adjustment.

(3) The input bias currents approximately double for every 10°C rise in
junction temperature, T). Due to limited test time, the input bias
currents are correlated to junction temperature. Use of a heat sink
is recommended if input bias current is to be kept to a minimum.

(4) Supply voltage rejection ratio is measured for both supply magni-

common practice.

(5) The Min. slew rate limits apply for the LF356B and the LF357B, but
do not apply for the LF356 or LF357.

{8) Settling time is defined here, for a unity gain inverter connection
using 2.0 k resistors for the LF355/6. It is the time required for the
error voltage (the voltage at the inverting input pin on the amplifier)
to settle to within 0.01% of its final value from the time a 10 V step
input is applied to the inverter. For the LF357, Ay = —5.0, the feed-
back resistor from output to input is 2.0 k and the output step is 10
V {see settling time test circuit).
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{)g. INPUT BIAS CURRENT (pA) {yg. INPUT BIAS CURRENT (pA)

Ip. 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 1 — (LF355 SERIES)

100k L ook
=
10k } Dok
vcc:zov,vEEifzov < " vcc:zov,vEE:-zlov
1k + + ! il I
VCF-;ISV,LVEELI‘SV g VCC“E'Vr'VEE:’iiV
100 = 100 {
! Vee - 10V, Veg =-10V 2 Veg= 10V, Vee =10V,
10 + { + =0 1 T T
véc=5v,v55:-5v = ——V(gp=5V, VEg=-5V
1.0 b . N 10 + } Il
l r LF355 LF3567 l
0.1 L 0.1 L
-85 -25 50 35 85 70 55 .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 (LF3558/356B/357B)
80 40
f L
Vee=+15V
? T LF3567 2 '
60 Ta 250 Free A s Z 3 Lozl
R =50k ree Air L~ e Ta=259C
50 3
o //) LF35677 = . ~
With Heat Sink o
20 LF355 y // s P L~
Free Air
\ — A g //
20 o~ 5 v
i I A
10 —— LF355 with ] 2
o Heat Sink
0 0
-10 50 0 50 10 0 50 10 15 2
Vic. COMMON-MODE INPUT VOLTAGE (VOLTS) Vee. Vg, SUPPLY VOLTAGE (£ VOLTS)
SUPPLY CURRENT versus SUPPLY VOLTAGE
FIGURE 5 — (LF355 SERIES) FIGURE 6 — (LF356 AND LF357 SERIES)
40 80
- — = 70
3
30 > 60
> T =259C
g 50 /‘7
20 Te= 25 3; 10
B ., = s
30
LF355 LF356/7
10 - 20 - L
0 5.0 10 15 18 20 25 0 5.0 10 15 20 2%

Ve, VEE. SUPPLY VOLTAGE (:VOLTS)

FIGURE 2 — (LF356 AND LF357 SERIES)

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= +15V___ |

J T

Vgg = —15V

I~ |

Te=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
Ve, POSITIVE SUPPLY VOLTAGE (VOLTS)

FIGURE 11 — OPEN LOOP VOLTAGE GAIN

=

=
RL =2k

Rg =50

Tp = 250C

@
o

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

FIGURE 8 — POSITIVE CURRENT LIMIT

2 T
] Vee = +15V
2 VEg = —15V
2 Tc = 25°C
s 15 C
&
=
g n ™
- \
2
2 \
o
W 50
=
Z
g
g
0 5.0 10 15 20 2 30 35 40
Igink. OUTPUT SINK CURRENT (mA)
_ FIGURE 10 — NEGATIVE COMMON-MODE
(4 INPUT VOLTAGE LIMIT
S -2
=
]
5
S .15
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S -1 //
=
2 e
z “
S -50 A
s L7
=
<
[
E
e 50 -10 -15 -20
>

Vg, NEGATIVE SUPPLY VOLTAGE (VOLTS)

FIGURE 12 — OUTPUT VOLTAGE SWING
versus LOAD RESISTANCE

T 717

Vep =15V
T 28 [— Veg:-15V
2 Ta - 25°C |t
o —
H Pq
g 20
=
S 16 /
g /
5 /
g 12
2 L/
280

40
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Ry, OUTPUT LOAD RESISTANCE (k$2)
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Vg, OUTPUT VOLTAGE SWING FROM 0 V (VOLTS) BW,, GAIN-BANDWIDTH PRODUCT (MHz)

SLEW RATE NORMALIZED T0 259C

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS
GAIN BANDWIDTH PRODUCT

FIGURE 13 — (LF355 SERIES) FIGURE 14 — (LF356/357 SERIES)

50 . 85
LF355 = 50 N L]
4 E 8 T T T
\ 1 = LF357 Curves |dentical,
a0 ) 5 . 3 But Muliplied by 4
Vee =10V, Vgg=-10V 7.
\ e EE=-! g \ l 1
N g N |
& l l = LF356
30 } & 60
RN Vee 15V, Vee --15v z \\ Vee = 10V, VEg=-10V
/- } f z Vep =15V, VEp=-15V
20 T z w0 N
! 3 N
2 N
Z w0 ~
10
-55 -3 .15 50 25 45 65 85 105 125 55 <35 15 50 25 45 65 85 105 125
Ta. AMBIENT TEMPERATURE (9C) Ta, AMBIENT TEMPERATURE (0C)
INVERTER SETTLING TIME
FIGURE 15 — (LF355 SERIES) FIGURE 16 — (LF356 AND LF357 SERIES)
] 2 [T
= __4 Ta=250C
LF355 i. o veg=15V
10 t 1 FVEg=-15V
I I o EE
| 7 250¢ 0nv l/ = [ 10mv
Vee =18V / 1mv & | LF35, Ay = —1
50—t veg=-15v V4 ER T N TV
pog— H
0 e 0
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5 N 1 mv E o \\ 1mv
-5, oy 5 s
tomy N & 10mv
N 3
. HEAN 2 LTINS
>
0.1 02 05 10 20 5.0 10 0.1 02 05 10 20 50 10
tg, SETTLING TIME (us) tg, SETTLING TIME (s)
FIGURE 17 — NORMALIZED SLEW RATE FIGURE 18 — OPEN LOOP FREQUENCY RESPONSE
Vee =15V 2
16 cc = Vpp =
VEg=-15V = cc=15V
14 S o \\\\\ VEE=-15V
\ LF3567 w \\
1. <
[~ 5.0 > LF357
10 — — = \\‘
LF355 % 50 LF356
08 I=]
=]
0.6 2
04 S LF355
3 10
02 <
0 -10 l
65 -35 -15 50 25 45 65 8 105 125 0100 1k 10k 100k 1M 10M
T, AMBIENT TEMPERATURE (0C) f, FREQUENCY (Hz)
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GAIN (dB)

GAIN (dB)

GAIN (dB)

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS (continued)

BODE PLOT

FIGURE 19 — (LF355 SERIES)

11
10 — 1 100
LF355
50 —+ 75
0 Phase Vep=15V 50
Gain TN Veg=-15V 2
-5 i % =
- N a
-10 2k L=
15 N -5 8
F 3
-20 - 2 -50 &
-5 -78
-30 N -100
- L0l N 125
10 28 10 2 100
f, FREQUENCY (MH2)
FIGURE 20 — (LF356 SERIES)
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~ | % 8
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-50
N -5
-100
-126
-150
10 20 100
f, FREQUENCY (MH2)
FIGURE 21 — (LF357 SERIES)
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FIGURE 22 — (LF355 SERIES)

T T T

I
Il
it
»HH
EH

I

tr—t++
L] Veg=15V
Vee=-15V £3
T =25°C
ATt
181 -
111

100k ™ o™

f, FREQUENCY (Hz)

FIGURE 23 — (LF356 SERIES)
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FIGURE 24 — (LF357 SERIES)
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CMRR, COMMON-MODE REJECTION RATID (dB)

PSRR, SUPPLY VOLTAGE REJECTION RATIO (dB)

ey, EQUIVALENT INPUT NOISE VOLTAGE (nV//Rz)

FIGURE 25 — COMMON-MODE REJECTION RATIO

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS (continued)

FIGURE 26 — UNDISTORTED OUTPUT

VOLTAGE SWING
i 2 S
RL=2k A= 250C
Tk=25°c a on Vgp=15V
Vgp= 15V = \ L Veg=-15V
VEg=-15V 2 2 \\ 2'-:'1“
100 H 1 LF3%5 R | <% Dist.
T 1
] ™. 2 \ .
80 = T\ LFST T
N S 1”2 N\ \ A <5
o0 b NN\ s B AN A v
LF355%6 \\\\ LF3s7 5w \ \ }
40 >
N 2 ] \ NG
2 NG S 40 N i
0 I\ 0 [ [
0100 1k 10k 100k 1M 10M 10k 100k ™ 1M
f, FREGUENCY (H2) , FREQUENGY (Hz)
POWER SUPPLY VOLTAGE REJECTION RATIO
FIGURE 27 — (LF355 SERIES} FIGURE 28 — (LF356 AND LF357 SERIES)
g l
7 E
‘T/gc’fir;cv g 120 Tp = 250C
B = —+ =15V
120 VEg=-15V
Positive EE § 100 \ 1 VEg=-15V
Supol o A N Positive Suppl
100 upply 5 " \‘\ T ositi ; upply
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FIGURE 29 — (LF355/356/357 SERIES) FIGURE 30 (EXPANDED SCALE)
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL CIRCUIT CONNECTIONS

FIGURE 31 — DRIVING CAPACITIVE LOADS FIGURE 32 — LARGE POWER BANDWIDTH AMPLIFIER
5.0k
*LF355/6 R = 5.0 k
LF357 R =125k
Vee
R
-——
L roesen yﬁs ‘ B
Vin | |
2| 5.0kS | I 10.01 uF
+2.0V _"_ L I L |
20V VeE 5 e |

10V A~ ~ v [/ ) N\
Due to a unique output stage design these amplifiers have the -1.ov -1ov

ability to drive large capacitive loads and still maintain stability.

C(max) = 0.01 uF.

Overshoot < 20% For distortion < 1% and a 20 Vp-p Vot
Settling time (tg) = 5.0 us swing, power bandwidth is: 500 kHz.

FIGURE 33 — INPUT OFFSET VOLTAGE ADJUSTMENT FIGURE 34 — SETTLING TIME TEST CIRCUIT

20k,01%

1m0V r’ +15 V
) 2k,0.1%

*400, 0.1%
o VWA

LF355/6/7

Vee

5.0k, 0.1%<
*1.0k, 0.1%Q

v Summing
EE Node

5k, 0.1%
%%

+15V

® 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 Voo

® 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: 5.0 uV/°C £(0.5 uV/°C/mV

of adjustment.)

QOscilloscope

® FET used to isolate the probe capacitance

® Output = 10V step
*A, = -5 for LF357

FIGURE 35 — NONINVERTING UNITY GAIN FIGURE 36 — INVERTING UNITY GAIN FOR LF357
OPERATION FOR LF357
R2 R2
1 1
Rlc;(i’n)ts MHz) R2 R1C>(21r)(5 MHz)
c _R2+Rg c _R2
- o0 R1I-—— e O R1=~
RS LFas7 Ay(pe) = 1 i LFes7 Av(pe) = ~1
f_348 =~ 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
c2 R2 51k
l____. —O Vout
R2 [
fmax = 240 kHz
R1 10V
Vin 1 -1V +2V L CcL
C1z3z O 4 —_—F I 0.5 uF
L -2v L
= O Ve ® Overshoot 6%
S, tg = 10 us
¢ Power BW: fmax = 2 240 kHz ® When driving large CL. the V4, slew rate is determined by Cy

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

additional layout capacitance) interacts with fesdback elements and creates un- AVt lout _ 0.02 X
desirable high frequency pole. To compensate add C2 such that: R2C2 = R1C1. A L = o5 V/us = 0.04 V/us (with C_shown)
FIGURE 39 — 8-BIT D/A WITH OUTPUT CURRENT FIGURE 40 — PRECISION CURRENT MONITOR
Vee TO VOLTAGE CONVERSION s
13 $ —
MSB 5 14 R14 1
At O—é-' Vet I
A20~ 15 Vyef = 2.0 Voc Vee =
Aso? —O—MN——:LRM= R15 = 1.0k$2 System
R15 Rp = 5.0 k2
240751 Mc1408L-8 =0
AS O _L
A6 OF =
N
A7 O—‘12 2N4092
A8 v
LSB o Vo =5 R1/R2 (V/mA of i)
16 3 sk ® R1, R2 R3: 0.1% Resistors
15 po ® Use LF355 for —
pF Vee 4 Common-Mode Range to Supply Range
Theoretical Vg A Low g
v A1l A2 A3 A4 AS A6 A7 AB A
Ve = 'e'H [_*____ As L A% AS _*__,,_] Low Vo
O ma MO (T 5 76 32 T ea '8 " Toe 4 Low Supply Current

Adjust Vief. R14 or Rg so that Vo with all digital inputs at high
level is equal t0 9.961 volts.

R .| FIGURE 42 — HIGH IMPEDANCE, LOW DRIFT
v INSTRUMENTATION AMPLIFIER
=10V |—]=9961Vv +15VvV O

256 Al
+ 7 LF355

FIGURE 41 — LONG INTERVAL RC TIMER

O +15V
VR
A3
LM308A
4
S Re —O Vout
\‘ Clear 1BV i
Run 100 pF

Polystyrene Capacitor

cr
R5 % *Polycarbonate ar

Time (t) = R4CON (VR/VR-V|), Rz = Ry, Rg = 0.1 R6
IfR1=R2: t=0.693 RAC

® Vgut = R3RI2R2ZR1 + 1]

AV, VEE + 2V < Vi common-mode < Vcg
® System V|g Adjusted via A2 V|g Adjust
® Trim R3 to Boost up CMRR to 120 dB

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

® 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 available 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)
Low T.C. of Input Offset Volitage: 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
Function Device Range

Test Temperature
Package

Single LF411CD

0°C to +70°C SO-8
LF411CN

Piastic DIP

Dual

LF412CD
LF412CN

0°C to +70°C SO-8

Plastic DIP

LF411C

Offset Nuil [ 1] |8} NC
Invt Input
Noninvt input

VEE [4] [5] Offset Null
Single, Top View

LFa12C

|
Qutput 1 E E] vVee

{EE 3 Qutput 2
Inputs 1
E 2%23} Inputs 2

VEE E 5

{Duat, Top View)
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MAXIMUM RATINGS

LF411C, LF412C

Rating Symbol Value Unit

Supply Voltages Ve 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 C
Operating Ambient Temperature Range Ta 0to 70 C
Thermal Resistance LF411CN-412CN RuJA 100 C Watt
(Junction to Ambient) LF411CD:412CD 180

?orage Temperature Tstg 60 t¢ ~ 150 C
Maximum Power Dissipation Pp (Note 2) | mw

NOTES:
. Input voltages should not exceed Vee or VEg.

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

exceeded.

3. Measured with Vcc and Vgg simultaneously varied

{Each Amplifier)

REPRESENTATIVE CIRCUIT SCHEMATIC

Qutput
' i'VCC
N . i |
Q4 Qs l |
Q1

s A Sl |

Q6 I ||

~ 4 J2 | |

inputs ?_i | é |

+o— Q17 J | |

| |

‘\020 | 1 '

Q1s Q19 Q23 | i

| 24 | |

Q14 - | :

Q21 |

*) Q22924 | |

|

a2y Q13 016 ‘| |

Q10\L Qup” Qs Qs 025;

r’{ M N Y I

: |

o—+¢ 018\| | |

Offset )‘i |

Null 1 $ | |
LFa11C 3 3 | | Vee
only IL —o

o— | Bias Circuitry

Common to All
Amplifiers
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LF411C, LF412C

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

Characteristics Symbol Min Typ Max Unit
input Offset Voltage (Rg = 10 k(}, Vcpg = 0V, Vp = 0 V) Viol mV
LF41 — 0.5 2.0
LF412 — 1.0 3.0
Average Temperature Coefficient of Input Offset Voltage AVioAT pVieC
(Rg = 10k, Vem = 0V, Vg = 0 V) — 10 —
Input Offset Current {(Vgm = 0V, Vg = 0 V) Yo
LF411 Tp = 25°C — 20 100 pA
Ta = 0°C t0 70°C — — 2.0 nA
LF412 Tp = 25°C — 25 100 pA
Ta = 0°C to 70°C — — 2.0 nA
Input Bias Current (Vgpm = 0 V) IT:)
LF411 Tp = 25°C — 0.6 200 pA
Ta = 0°C to 70°C B — 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 kQ2) AvoL | vmVv
LF411 T = 25°C 25 80 —
Ta = 00Cto 70C 15 — —
LF412 Tp = 25°C 25 150 —
Ta =~ 0Cto70C 15 — —
Output Voltage Swing (Vip = = 1.0V, R = 10 k() v
LF411 Vo + 12 13.9 —
Vo - - -147 -12
LF412 Vo + 12 14 —
Vo- — -14 -12
Common Mode Input Voltage Range (Vg = 0V} VICR \
LF411 -1 +14 -1
— 14 —
LF412 +11 +15 -1
— ~12 —
Common Mode Rejection (Vcm = =11V, Rg = 10 kf2) CMR dB
LF411 70 90 -
LF412 70 100 —
Power Supply Rejection (Note 3) PSR dB
(VcCVEE = -15V -15Vito +50V -50V)
LF41 70 86 —
LF412 70 100 —
Power Supply Current (Vg = 0 V) s} mA
b LR — 25 3.4
| LFa12 — 2.8 6.8 J
AC ELECTRICAL CHARACTERISTICS (Ve = - 15V, VEg = —15V, Ta = 25°C unless otherwise noted)
Characteristics Symbol Min Typ Max Unit
Slew Rate (Vi = ~10Vto <10V, R = 2.0 k), Ay = - 1.0) SR Vius
LF411 8.0 25 —
LF412 8.0 13 —
Gain Bandwidth Product GBW MHz
LF411 2.7 8.0 —
LF412 2.7 4.0 —
Channel Separation (f = 1.0 Hz to 20 kHz, LF412) Cs — ~-120 — ds
Differential Input Resistance (Vcpm = 0 V) Rin — 1012 — i}
Equivalent Input Voltage Noise (Rg = 100 2, f = 1.0 kHz) ’ en nV.\ Hz
LF411 _— 30 —
LF412 — 25 —
Equivalent Input Noise Current (f = 1.0 kHz2) in pAN\Hz
LF411 —_ 0.01 —
LF412 — 0.01 —_
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MOTOROLA

m SEMICONDUCTOR mamaasasussmmm
TECHNICAL DATA

LOW POWER JFET INPUT
OPERATIONAL AMPLIFIER

These JFET input operational amplifiers are designed for low
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 voltage.

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
® Low Input Bias Current — 5.0 pA
® High Gain Bandwidth — 2.0 MHz
® High Slew Rate — 6.0 V/us
® High Input Impedance — 1012 Q
® Large Output Voltage Swing — +14 V
® Qutput Short Circuit Protection

ORDERING INFORMATION

Op Amp Tested
Function Device Temperature Range Package

n LF441CD S0-8
Single LF441CN Plastic DIP

LF442CD o S0-8
Dual LF442CN Oto +70°C Plastic DIP

Quad LF444CD S0-14
LF444CN Plastic DIP

LF441C
LF442C
LF444C

LOW POWER
JFET INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

» e

N SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751

(S0-8)

Offset Null [] [(]NC

Output 1[i]

[

Inputs 1 {E
Vee (]
(Dual, Top View)

1 1

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

(SO-14)

(Quad, Top View)
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LF441C, LF442C, LF444C

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (from V¢ to VEE) Vs +36 \
Input Differential Voltage Range (Note 1) VIDR +30 \
Input Voltage Range (Notes 1 and 2) VIR +16 v
Output Short-Circuit Duration (Note 3) ts Indefinite Seconds
Operating Junction Temperature (Note 3) Ty +150 °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.
3. Power dissipation must be idered to ensure maxi M junction temperature {T ) is not exceeded. (See Figure 1.}

EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER)

______ — o * 4 -OVce
—O—e 2
Inputs _] R4
+O- — A0 Output
+
Q3
a1
R1
[ e —— —O VEE

*Null adjustment pins for
LLF441 only.

5  15k0
1 a—AN—O VEE
100 kQ

LF441C input offset voltage
null adjust circuit
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LF441C, LF442C, LF444C

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

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Rg = 10 k2, Vo = 0 V) Vio mVv
Single
Ta = +25°C — 3.0 5.0
TA = 0°C to +70°C - — 75
Dual
TA = +25°C — 3.0 5.0
Ta = 0°C to +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 k{2, Vg = 0 V) AV|o/AT — 10 — uvrc
Input Offset Current (Vem = 0V, Vg = 0 V) ho
Ta = +25°C — 05 50 pA
TA = 0°Cto +70°C — — 15 nA
Input Bias Current (Vepm = 0V, Vg = 0 V) s
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 \
-1 -12 —
Large Signal Voitage Gain (Vg = =10V, R = 10 kQ) AyoL Vimv
TA = +25°C 25 60 —
TA = 0°Cto +70°C 15 — —
Output Voltage Swing (R = 10 kQ) Vo+ +12 +14 — \
Vo- - -14 -12
Common Mode Rejection (Rg < 10 k2, Vepm = VicR, Vo = 0 V) CMR 70 86 — dB
Power Supply Rejection (Rg = 100 2, Vem = 0V, Vg = 0 V) PSR 70 84 — dB
Power Supply Current {(No Load, Vg = 0 V) D nA
Single — 200 250
Dual - 400 500
Quad — 800 1000

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

Characteristic Symbol Min Typ Max Unit
Slew Rate (Vin = ~10Vto +10V, R = 10 kQ, C_ = 10 pF, Ay = +1.0) SR 0.6 6.0 — Vips
Settling Time To within 10 mV ts — 1.6 - us

{Ay = —1.0, Rl = 10kQ, Vg = 0Vto +10 V) 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 €, f = 1.0 kHz) en — 47 — nV/VHz
Equivalent Input Noise Current {f = 1.0 kHz) in - 0.01 — pA/VHZ
Input Resistance R — 1012 — Q
Channel Separation {f = 1.0 Hz to 20 kHz) cs — 120 — dB |
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LF441C, LF442C, LF444C

TYPICAL PERFORMANCE CURVES

FIGURE 1 — MAXIMUM POWER DISSIPATION versus
TEMPERATURE FOR PACKAGE VARIATIONS

2400

=

E 2000

=z

2 8 & 14 PIN PLASTIC PKG

= 1600 }

2

o .

& 1200 S0-14 PKG.

] N~ N

= 500 s08pK3 =

= 800 H-50-8 PKG:

3 S0 T

% N

E [~

;é ™~
0
—55-40 —20 0 20 40 60 80 100 120 140 160

Ta. AMBIENT TEMPERATURE (°C}

FIGURE 3 — INPUT BIAS CURRENT versus TEMPERATURE
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FIGURE 5 — POSITIVE INPUT COMMON-MODE VOLTAGE
RANGE versus POSITIVE SUPPLY VOLTAGE
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FIGURE 2 — INPUT BIAS CURRENT

versus INPUT COMMON-MODE VOLTAGE
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FIGURE 4 — SUPPLY CURRENT versus SUPPLY VOLTAGE
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FIGURE 6 — NEGATIVE INPUT COMMON-MODE VOLTAGE
RANGE versus NEGATIVE SUPPLY VOLTAGE
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LF441C, LF442C, LF444C

FIGURE 7 — OUTPUT VOLTAGE versus OUTPUT SOURCE FIGURE 8 — QUTPUT VOLTAGE versus OUTPUT SINK
CURRENT CURRENT
20 T -2 I S—
Voo = +15V Vee = +15V |
Vgg = —15V VEE = —15V

o
=
|
&

125°C

55 25°c\ Y
\

\

|

~ ~ 55°C

125°C 50(;\

|
o
o

V. OUTPUT VOLTAGE (VOLTS)
=

Vo, OUTPUT VOLTAGE (VOLTS)
|

0 0
0 10 200 30 40 50 60 70 80 0 20 40 60 80 10 12 14 16 18 20
I, OUTPUT SOURCE CURRENT (mA) ~ 1o, OUTPUT SINK CURRENT {mA)
FIGURE 9 — OUTPUT VOLTAGE SWING FIGURE 10 — OUTPUT VOLTAGE SWING
versus SUPPLY VOLTAGE versus LOAD RESISTANCE
4 -
RL = 10k 28
- ¥ — y a
= —55°C < Tp < 125°C £
g ¥ 2
5 % o z u
& - & 7
= e 22 ~
g e
= 15 5 20
&£ g Ve = +15V
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3 0 31 /7 Vgg = —15V
o =] Tp=25C .
=50 ~ = 16 J I ]
0 4
0 20 40 60 80 10 12 4 16 1.0K 20K 30K 40K 60K 80K 10K
Ve Vgl SUPPLY VOLTAGE (VOLTS) Rt LOAD RESISTANCE (2]
FIGURE 11 — NORMALIZED GAIN BANDWIDTH FIGURE 12 — OPEN-LOOP VOLTAGE GAIN AND PHASE
PRODUCT versus TEMPERATURE versus FREQUENCY
14
S | ~N
8 13 Veg = +15V _ 0 L %
g Ve = — 15V 2 . —
T 12 Ry = 10kQ E N 7
g €L = 100 pF g 1 < Phase 15 8
4o w 9 «
2 11 - Q N 2
2 . = a
FS - 5 ~N e
z 10 g 4 180 &
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3 Tty B -0 v = — 15y ™ 25 g
S 0.8 S A=k A o
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=" < - 201—Ty = 55°C 270
3 06 1 [
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LF441C, LF442C, LF444C

FIGURE 14 — TOTAL OUTPUT DISTORTION versus

FIGURE 13 — SLEW RATE versus TEMPERATURE FREQUENCY
80 25 T
Vee = +15V
_ VEg = —15V
70 = i Tp = 25
E I ]
= < =
w N S 15
g 60 ’ &
= \ =
@ K 210
+
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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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Vo, OUTPUT VOLTAGE (50 mV/DIV)

Vo, OUTPUT VOLTAGE (5.0 V/DIV)

o

LF441C, LF442C, LF444C

SMALL SIGNAL RESPONSE

FIGURE 23 — INVERTING FIGURE 24 — NON-INVERTING

Vo, OUTPUT VOLTAGE {50 mV/DIV)

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

LARGE SIGNAL RESPONSE

FIGURE 25 — INVERTING FIGURE 26 — NON-INVERTING

Vee = +15V

Vo, OUTPUT VOLTAGE (5.0 V/DIV}

t, TIME (2.0 us'DIV) t, TIME (2.0 us/DIV}
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MOTOROLA

m SEMICONDUCTOR s LM11C
TECHNICAL DATA LM11CL

PRECISION OPERATIONAL AMPLIFIERS PRECISION

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

viding the bfsst features of existir}g FET and Bipolaf op amps. lsl:ll‘i'lgger'IME%Ngggnllg

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
Offset balancing is provided, with the range determined by an 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 Satance
ideal for applications such as charge integrators, analog memo-
ries, electrometers, active filters, light meters and logarithmic |npuls{
amplifiers.
Vee
® Low Input Offset Voltage: 100 pv TTop View!
® Low Input Bias Current: 17 pA
oL ! Off: c . 0 A H SUFFIX
ow [nput Offset Current: .5 p. - METAL CAN
® Low Input Offset Voltage Drift: 1.0 pv/rrC J CASE 601
® Long-Term Stability: 10 puViyear soonge | _25¢ Connected To Vg
® High Common Mode Rejection: 130 dB vee
g 1
(6) Output
Inputs
Compensation
VEE
(Top View)
MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Ve to Veg 40 Vde
Differential Input Current (Note 1) D =10 mA “
Output 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 —85to +150
Plastic Package —55to +125

ORDERING INFORMATION

Operating Ambient
Device Temperature Range Package
LM11CLN, CN Plastic 8-Pin DIP TTop View?
LM11CLJ-8, CJ-8 010 +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 C circuit board layout.
. etal Can
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LM11C, LM11CL

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

LM11C LM11CL
Characteristics Symbeol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio —_ 0.2 0.6 — 0.5 5.0 mV
Tiow to Thigh — — 0.8 — — 6.0
Input Offset Current ho — 1.0 10 — 4.0 25 pA
Tiow t0 Thigh — — 20 — — 50
Input Bias Current lig — 17 100 — 17 200 pA
Tiow t0 Thigh — —_ 150 — — 300
Input Resistance T — 1011 — — 1011 — Q
Input Offset Voltage Drift AV|o/AT — 2.0 5.0 — 3.0 - uvrec
Tiow to Thigh
Input Offset Current Drift Aljo/AT - 10 — - 50 — fA/°C
Tiow t© Thigh
Input Bias Current Drift Alg/AT — 0.8 3.0 — 14 — pA/SC
Tiow t© Thigh
Large Signal Voltage Gain AyoL V/imV
Vg = 215V, Vgyt = =12V, 100 300 — 25 300 -
lout = 2.0 MA
Tiow to Thigh (Note 5) 50 — — 15 — —
Vg = 15V, Vout = =12V, ] 250 1200 —_ 50 800 -
lout = 0.5 mMA
Tiow 10 Thigh 100 — — 30 — _—
Common Mode Rejection Ratio CMRR ds
Vg = =15V, -13V=sVems14V 110 130 — 96 110 —_
Vg = =15V, -125 V=Vcm=<14V,
Tiow t© Thigh 100 — — 90 - —_
Power Supply Rejection Ratio PSRR dB
+256V=Vg=x20V 100 118 — 84 100 —
Tiow to Thigh 96 — — 80 — —
Power Supply Current D — 0.3 0.8 — 0.3 0.8 mA
Tiow t0 Thigh — — 1.0 — — 1.0
Output Short-Circuit Current los — +10 — — +10 — mA
Ty = 150°C, Output Shorted to Ground
NOTES:

1. 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 fatch-up

initiated by supply reversals.

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.

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

4. These specifications apply for VEg + 2.0 V=VgemsVee — 1.0 V (VEg + 25 V=sVem=sVce - 1.0 V for Tiow to Thigh) and £2.5V=Vg==20V
Tiow t0 Thigh: 0°C<Ty= +70°C for LM11C and LM11CL

5. Vout = =11.5V, all other conditions unchanged.

~

w
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LM11C, LM11CL

SCHEMATIC DIAGRAM
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Tcvip, TEMPERATURE COEFFICIENT OF
INPUT OFFSET VOLTAGE (uV/°C)

COMMON-MODE LIMITS (V)

AvoL. OPEN LOOP VOLTAGE GAIN (dB)

LM11C, LM11CL

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

FIGURE 4 — SPECTRAL NOISE DENSITY
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LM11C, LM11CL

FIGURE 9 — POWER SUPPLY REJECTION RATIO FIGURE 10 — SUPPLY CURRENT versus
versus FREQUENCY SUPPLY VOLTAGE
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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 problem 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

Compensation @ 5

4
VEeE ,

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

Cutput
tnput

Non-Inverting

Voltage Follower

R2

Output Output

Input
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LM11C, LM11CL

FIGURE 16 — INPUT PROTECTION
FOR SUMMING (INVERTING) AMPLIFIER

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.

FIGURE 17 — INPUT PROTECTION
FOR A VOLTAGE FOLLOWER

R1 Output
Input
10 k

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

Qutput
Input

c

I

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.

‘_”__

R1

Input 0—{[ iH
— O Output

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

FIGURE 13 — ADJUSTING INPUT OFFSET
VOLTAGE WITH BALANCE POTENTIOMETER

Vee

Inputs Output

Minimum
Adjustment Range R
(mV) Q
+0.4 1.0k
+1.0 30k
+2.0 10k
+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.
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MOTOROLA LM101A
m SEMICONDUCTOR 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 SILICON MONOLITHIC

. . P INTEGRATED CIRCUIT
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
® Class AB Output Provides Excellent Linearity CASE 626 CASE 693
® Output Short Circuit Protection (LM201A a"‘f LM301A)

® Guaranteed Drift Characteristics

FIGURE 1 - STANDARD COMPENSATION FIGURE 2 - DOUBLE-ENDED LIMIT

1 1
AND OFFSET BALANCING CIRCUIT DETECTOR
D SUFFIX
vee vee Q; PLASTIC PACKAGE
8 . CASE 751
Inverting VuT @———o—1+ (S0-8)

Input
Output

Noninverting
Input

Balance
Balance

10 MO $
p

Vee (Top View}
-_-L o VLT @——0— = vyt
Ve vy vyt H SUFFIX
Pins Not Shown Are Not Connected METAL PACKAGE
CASE 601

Compensation
FIGURE 3 - REPRESENTATIVE CIRCUIT SCHEMATIC

Balance ? Q Compensation

y‘ﬁ y] r—o Vce

- O
Inputs
fo—— 1

500 p—n ]
25 |Output VEE (Top View)
50 ORDERING INFORMATION
Temperature
P Device Range Package
LM101AH o Y Metal Can
450 T £ LM101AJ —55°Cto +125°C | oo amic DIP
w0k w0k do k LM201AD S0-8
LM201AH o o Metal Can
LM201AN ~25°Cto +85°C Plastic DIP
LM201AJ Ceramic DIP
1.
Sk220k 10k ok LM301AD s0-8
: b - VEE LM301AH " o Metal Can
250 Balance 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 Vdc
Input Differential Voltage Vip - +30 — Volts
Input Common-Mode Range (Note 1) VICR - +15 - Volts
Output Short-Circuit Duration ts +————— Continuous ————————p
Power Dissipation (Package Limitation) Pp
Metal Can - 500 > mw
Derate above Tp = +75°C - 6.8 » [ mWrC
Plastic Dual In-Line Package  (LM201A/ - 625 625 mw
Derate above Tp = + 25°C 301A) — 5.0 5.0 mwWrC
Ceramic Package - 750 > mwW
Derate above 25°C - 6.6 —» | mW/rC
Operating Ambient Temperature Range TA —55t0 +125 —25to +85 r 0to +70 °C
Storage Temperature Range Tstg 4—————— -65t0 +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.) Unless otherwise specified, these specifications apply
for supply voltages from +5.0 Vto £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 — — -
VCe/VEE = =15V - — — — 1.8 3.0
Large Signal Voltage Gain Ay 50 160 - 25 160 — vimv
(VCCVEE = = 15V, Vg = 210V,
R > 2.0 kQ)
The following specifications apply over the operating temperature range.
Input Offset Voltage (Rg < 50 k() Vio - — 3.0 — — 10 mvV
Input Offset Current o — — 20 — - 70 nA
Average Temperature Coefficient of AV|o/AT - 3.0 15 — 6.0 30 rvre
Input Offset Voltage
Talmin) < Tp < Talmax)
Average Temperature Coefficient of Alyo/AT nA/C
Input Offset Current
+25°C < TA < Ta{max) - 0.01 0.1 — 0.07 0.3
TA(min) < TA < 25°C — 0.02 0.2 — 0.02 0.6
Input Bias Current T — — 100 — - 300 nA
Large Signal Voltage Gain Ay 25 — — 15 - — Vimv
(VCCVEE = =15V, Vg = = 10V,
Rl > 2.0 k2)
Input Voltage Range \' v
Vce/VEE = 20V *15 — - - — —
VCC/VEE = =15V — — +12 - —
Common-Mode Rejection Ratio CMRR 80 96 — 70 90 — d8
Rg = 50 kQ
Supply Voitage Rejection Ratio PSRR 80 96 — 70 96 — dB
Rg < 50 kQ
Output Voitage Swing Vo \
VCcC/VEg = +15V, RL = 10 kQ, +12 +14 — 12 —
RL = 2.0k +10 +13 _ 10 —
Supply Currents (TA = Ta{max), Icc. e 1.2 25 — — —_ mA
VCC/VEE = +20 V)
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LM101A, LM201A, LM301A

TYPICAL CHARACTERISTICS
(Vcc = +16V, 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
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= A anges hd) Ranges B
£ | g, |
g [ LMI01A & ]
oo w
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S 80 3 80 R = 10k
5 p% : ~L
= e =3 »/\
£ 4 3 4 -
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L RL = 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
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FIGURE 8 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 9 — LARGE-SIGNAL FREQUENCY RESPONSE
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VIR, VOR, VOLTAGE RANGE (+ VOLTS|

VQR, OUTPUT VOLTAGE RANGE { + VOLTS)

LM101A, LM201A, LM301A

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

FIGURE 10 — VOLTAGE FOLLOWER PULSE RESPONSE FIGURE 11 — OPEN-LOOP FREQUENCY RESPONSE

+10 T T T +140 T T T
80 Single-Pole Compensation Feedforward Compensation
+8 +120
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. \ el / 2.
+20 Input T =77
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~40 > \\
F——-x_ <420
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0 4
|1
— 10— - -2

0 10 20 30 40 80 60 70 80 %0 10 100 1.0k 10k 100k 1.0M 10M  100M
t, TIME (ps) f, FREQUENCY {Hz)

FIGURE 12 — LARGE-SIGNAL FREQUENCY RESPONSE FIGURE 13 — INVERTER PULSE RESPONSE
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TYPICAL COMPENSATION CIRCUITS

FIGURE 14 — SINGLE-POLE COMPENSATON FIGURE 15 — FEEDFORWARD COMPENSATION
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MOTOROLA LM108, LM108A
m SEMICONDUCTOR mum 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 Is':LICON MONOL':cﬁ
a special Super Beta processing technology. This series of am- TEGRATED CIR
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- H sU
pensation techniques to maximize slew rate without compromis- METAL P:'(::lz AGE COMPEN
ing other performance criteria. CASE 601 8
The LM108A/LM208A/LM308A Series offers extremely low input COMPEN vee
offset voltage and drift specifications allowing usage in even the A
most critical applications without external offset nulling. OUTPUT
® Operation From a Wide Range of Power Supply Voltages INPUTS
@ Low Input Bias and Offset Currents Vee Ne
® Low Input Offset Voltage and Guaranteed Offset Voltage Drift 81 (Top View)
Performance
e High Input Impedance J SUFFIX
CERAMIC PACKAGE
CASE 632
FREQUENCY COMPENSATION "
Standard Compensation Moadified Compensation
a2 A2 NC 1 14 NC
, COMPEN A 2 13 NC
Inverting nverting W *GUARD 3 12 COMPEN B
Input npu 1V
_ Output Non- Output 4 cc
In\%orring Compen Inveorang Compen INPUTS 5 10 QUTPUT
Input 8 Input 8 *GUARD 6 9 NC
P 1 10PF T veg 7 8 NC
Cf =30 ( Rz) = €€
T RY (Top View)
Standsrd Feedforward Feedforward Compensations for N SUFFIX
Compensation Decoupling Load Capacitance PLASTIC PACKAGE
10k Rg > 10k 100 k CASE 626
Input Input (LM208, LM208A) g
FL«J 4 G2 10pF (LM308, LM308A Only) ;
0.0t uF
p-o Output
J-8 SUFFIX
oL CERAMIC PACKAGE
10 pF == 75 pF to CASE 693 8
= Compen A= =001 uF 1
. 5 x 105
€2 >—p—#F D SUFFIX
PLASTIC PACKAGE Q’
ORDERING INFORMATION C/(Agg ;)51 8N
Device Temperature Range Package
LM108AH, H _ o Metal Can
LM108AJ, J, AJ-8, J-8 5510 +125°C Ceramic DIP cowpen g COMPEN
LM208AH, H Metal Can INPUTS 2 7 Veo
LM208AJ, J, AJ-8, J-8 25 to +85°C Ceramic DIP 3 6 OUTPUT
LM208AN, N ° Plastic DIP Veg 4 5 NC
LM208AD, D S0-8 (Top View)
LM308H, H Metal Can
LM308AJ, J, AJ-8, J-8 N 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 Volts
Input Differential Current (See Note 2) [[Ts) -+ +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 | «=———————— 6510 + 150 ————————p °C
Junction Temperature Ty °C

Metal, Ceramic Package
Plastic Package

+175

+150

Note 1. For supply voltages less than =15 V, the maximum input voltage is equal to the supply voltage.
Therefore, i
in excess of 1.0 V is applied between the inputs unless some limiting resistance is used.

Note 2. The inputs are shunted with back-to-back diodes for over-voltage pr

current will flow if a differential input voltage

ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V < V¢g <
+20Vand ~50V =VEg = 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 20 mV
Input Offset Current o — 0.05 0.2 — 0.005 0.2 nA
Input Bias Current B —_ 0.8 2.0 — 0.8 2.0 nA
Input Resistance r 30 70 — 30 70 — Megohms
Power Supply Currents Iccee — +0.3 *0.6 — +0.3 +0.6 mA
Vec = +20V, VEg = —20V ¥
Large Signal Voltage Gain AvoL 80 300 - 50 300 — V/imV
Vece = IVEgl = +15V, Vg = =10V,
RL = 10 kQ
The following specifications apply over the operating temperature range.
Input Offset Voltage Vio —_ — 1.0 — — 3.0 mV
Input Offset Current o — — 04 — — 0.4 nA
Average Temperature Coefficient of AV|o/AT — 1.0 5.0 — 3.0 15 wvrc
Input Offset Voltage
TAlmin)<TaA<Ta(max)
Average Temperature Coefficient of Aljo/AT — 0.5 25 — 0.5 25 pA/°C
Input Offset Current
Input Bias Current IT:] — - 3.0 — — 3.0 nA
Large Signal Voltage Gain AvoL 40 — — 25 — — V/imV
Vee = IVEgl = +16V, Vg = =10V,
Ry = 10k
Input Voltage Range VIR *135 — — +135 — — \
Vee = IVEel = +15V
Common-Mode Rejection Ratio CMRR 96 110 — 85 100 — dB
Power Supply Voltage Rejection Ratio PSRR 96 100 — 80 96 — dB
Output Voltage Range Vor +13 *14 — +13 +14 - v
Vee = IVEEl = +15V, Rl = 10 kQ
Supply Current (TA = Talmax]) lcc e — +0.15 | +04 — +0.15 | *0.4 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 < Vcc <

+15Vand —5.0V=Vgg = —15V, Tp = +25°C)
LM308A LM308
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - 0.3 0.5 - 20 75 mV
Input Offset Current o — 0.2 1.0 —_ 0.2 1.0 nA
Input Bias Current B — 1.5 7.0 . 1.5 7.0 nA
Input Resistance T 10 40 . 10 40 — Megohms
Power Supply Currents Icclee — +0.3 +0.8 — +0.3 +0.8 mA
Vec = +15V,VEg = —15V
Large Signal Voitage Gain AyoL 80 300 — 25 300 — V/imV
Vee = +15V,VEg = —16V, Vg = =10V,
RL = 10 kQ
The following specifications apply over the operating temperature range.
Input Offset Voltage Vio —_ - 0.73 — — 10 mV
Input Offset Current llo — — 1.5 - -— 1.5 nA
Average Temperature Coefficient of AV|o/AT — 1.0 5.0 — 6.0 30 wvrc
Input Offset Voltage
Talmin) < TA < Ta(max)
Average Temperature Coefficient of Aljo/AT - 20 10 —_ 20 10 pA/°C
Input Offset Current
Input Bias Current B — _ 10 — — 10 nA
Large Signal Voitage Gain AvoL 60 — — 15 — - VimV
Vec+15V, VEg = =15V, Vg = =10V,
RL = 10 kQ
Input Voltage Range VIR +14 - — +14 — — \
Vee = +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 — ds
Rg =< 50 kQ
Output Voltage Range VOR +13 +14 — +13 +14 - \
Vee = +15V, VEg = 15V, R = 10k

REPRESENTATIVE CIRCUIT SCHEMATIC
COMPENSATION A © COMPENSATION 8

oVce
35k 5.6k 7.5k
15 pF
174k 174k
75k

J Ul 200
65  Output

- -
»O
x X

L7

1.0k 10k
- 150
VEE
2.0k 80 K
1
nputs 2.0 k3
+o- N 20 k
N
rA‘IOk 362 1.2k$ $50k
y y 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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LM108, LM108A, LM208, LM208A, LM308, LM308A
SUGGESTED DESIGN APPLICATIONS

FIGURE 7 — FAST (1) SUMMING AMPLIFIER WITH LOW
INPUT CURRENT

R cs (2
S i

Inpav" " ;\4—

150k . VWA~
1€

¢ 150
L0002 L pF
uF

VWA~

0.002 pF

LM108,A ~
{ R2 6
N Series 2 L o

.‘3’.' 3 + Output

LM101A(3)
or equiv

AVl

+

<

Compen B j

F =

1: 300 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
@ ="z
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 lower 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

Vce

™
Input A
a1
Sample

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
designed to facilitate guarding, since the pins adjacent
to the inputs are not used (this is different from the
standard MC1741 and LM101A pin configuration).

FIGURE 10 — CONNECTION OF INPUT GUARDS

Inverting Amplifier
R1 R2
Input
Output
R3 (1) Input
= c1

(1) Used to compensate for large source resistances.

Follower

Non-Inverting Amplifier

R2

W

R3 (1)

Output
Output
R1

H—AAA
1wy

c Input c1

Note: 1 A2 be an imped,
ote: R1+R2must € an impedance.
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MOTOROLA
TECHNICAL DATA

= SEMICONDUCTOR s

HIGHLY FLEXIBLE VOLTAGE COMPARATORS

The ability to operate from a single power supply of 5.0 to 30 volts
or =15 volt split supplies, as commonly used with operational ampli-
fiers, makes the LM111/LM211/LM311 a truly versatile compara-
tor. Moreover, the inputs of the device can be isolated from system
ground while the output can drive loads referenced either toground,
the Ve or the VEE supply. This flexibility makes it possible to drive
DTL, RTL, TTL, or MOS logic. The output can also switch voltages to
50 volts atcurrents to 50 mA. Thus the LM111/LM211/LM311 can
be used to drive relays, lamps or solenoids.

LM111
LM211
LM311

HIGH PERFORMANCE
VOLTAGE COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Split Power-Supply with
Offset Balance

3.0k

Vee

RL

Output

TYPICAL COMPARATOR DESIGN CONFIGURATIONS

Single Supply

‘&RL

L:)utput

H SUFFIX
METAL PACKAGE
CASE 601

Vee

Ground-Referred Load

Vee

Output
RL P

VEE

Input polarity is reversed when
Gnd pin is used as an output

Load Referred to
Negative Supply

Vee

Output

VEE

input polarity is reversed when
Gnd pin is used as an output.

Load Referred to
Positive Supply

Strobe Capability
vVee

L

AL
Output

)

TTL
Strobe

VEE
(Top View)
N SUFFIX
PLASTIC PACKAGE
8 CASE 626
1 (LM311 Only)
J-8 SUFFIX

CERAMIC PACKAGE

CASE 693

D SUFFIX
‘¢ PLASTIC PACKAGE
8 - CASE 751
! (S0-8)
(LM2111LM311 Only)

Gnd 1 8 Vee
n 2 7 Output
puts 3 6 Balance/Strobe
VEE 4 5 Balance
{Top View}

ORDERING INFORMATION

Device Temperature Range Package
LM111H o o Metal Can
LM111J-8 “SE'C10 +125°C | ¢ amic DIP
LM2110 S0-8
LM211H —25°C to +85°C Metat Can
LM211J-8 Ceramic DIP
LM311D $0-8
LM311J-8 0°C to +70°C Ceramic DIP
LM311N Plastic DIP
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LM111, LM211, LM311

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

Value
. mM111 .
Rating Symbol LM211 LM311 Unit
Total Supply Voltage Vee +IVEE! 36 36 Vdc
Output to Negative Supply Voltage Vo - VEE 50 40 Vdc
Ground to Negative Supply Voltage VEE 30 30 Vdc
Input Differential Voltage Vip *30 +30 Vdc
Input Voltage {Note 2) Vin *15 +15 Vdc
Voltage at Strobe Pin — Veg to Vee-5 Vce toVee-5 Vdc
Power Dissipation and Thermal Characteristics
Metal Package Pp 680 mwW
Derate above Tp = +256°C 1//76)A 5.5 mw/°C
Plastic and Ceramic Dual In-Line Packages Pp 625 mw
Derate above Tp = +26°C 1/64A 5.0 mw/°C
Operating Ambient Temperature Range Ta °C
-55to +125 —
-25 to +85 —
— Oto +70
Operating Junction Temperature TJ(max) +150 +160 °C
Storage Temperature Range Tstg -65 to +150 -65 t0 +150 °C

ELECTRICAL CHARACTERISTICS (Vcc = +15 V, VEg = -15 V, Tp = +26°C unless otherwise noted [Note 1].)

" LM111
Characteristi Symbol [ LM211 : i Unit
aracteristic mbo ni
v Min | Typ | Max | Min | Typ | Max
{nput Offset Voltage (Note 3) i Vio mv
Rg < 50k, Ta = +25°C — 0.7 3.0 — 2.0 75
Rg<BOKQ, TiowsTa< Thigh' — _— 40 — — 10
Input Offset Current (Note 3) Ta = +25°C ho — 1.7 10 — 1.7 50 nA
Tiow < TA < Thigh” — — 20 — — 70
Input Bias Current, Tp = +25°C IT:] - 45 100 — 45 250 nA
Tiow < TA < Thigh” -~ — 150 — — 300

Voltage Gain Ay 40 200 — 40 200 — V/mvV

Response Time (Note 4) — 200 — — 200 — ns

Saturation Voltage VoL \

Vip<-5.0mV, Ig =50 mA _ oko — 0.75 1.5 - - —
Vip< -10mV, Ig =50 mA f 'A=*28°C - - - - 075 15
Vee =45V, VEg = 0, Tiow < TA < Thigh*
Vip< -6.0 mV, Igjpk < 8.0 mA — 0.23 0.4 — — —
VIp< -10 mV, Igink < 8.0 mA — — — —_ 0.23 0.4
Strobe “On"* Current (Note 5) Is - 30 — — 3.0 — mA
Output Leakage Current
VIp=5.0mV,Vg=35V{Ta=+25°C — 0.2 10 —_ — — nA
Vip=10mV, Vg =35V §lgtrobe = 3.0 mA — — — — 0.2 50 nA
ViD= 5.0 mV, Vg = 35 V, Tjow < TA < Thigh"* — 0.1 05 — - — uA
Input Voltage Range (Tjow < TA < Thigh") VIR -145 | -14.710 13.0 -145 |-147t0 | 130 \
138 138
Positive Supply Current Icc — +2.4 +6.0 — +2.4 +7.5 mA
Negative Supply Current EE — -1.3 -5.0 — -13 -5.0 mA
NOTES:

* Tiow= -55°C for LM111 Thigh = +125°C for LM111 3. The offset voltages and offset currents given are the maximum
=-25°C for LM211 =+85°C for LM211 values required to drive the output within a volt of either supply with
=0°C for LM311 =+70°C for LM311 a1.0mAload. Thus, these parameters define an error band and take

1. Offset voltage, offset current and bias current specifications apply for into account the “worst case’ effects of voltage gain and input

asupply voltage range from a single 5.0 volt supply up to* 15 volt supplies. impedance.

2. This rating applies for 15 volt supplies. The positive input voltage 4. The response time specified is for a 100 mV input step with 5.0 mV

limit is 30 volts above the negative supply. The negative input volt- overdrive.
age limitis equal to the negative supply voltage or 30 volts below the 5. Do not short the strobe pin to ground; it should be current driven at
positive supply, whichever is less. 3.0105.0 mA.
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LM111, LM211, LM311

FIGURE 1 — CIRCUIT SCHEMATIC
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TYPICAL PERFORMANCE CHARACTERISTICS

FIGURE 2 — INPUT BIAS CURRENT versus
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LM111, LM211, LM311

TYPICAL PERFORMANCE CHARACTERISTICS

FIGURE 6 — RESPONSE TIME FOR VARIOUS

FIGURE 7 — RESPONSE TIME FOR VARIOUS
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LM111, LM211, LM311

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

FIGURE 12 — OUTPUT LEAKAGE CURRENT
versus TEMPERATURE

FIGURE 13 — POWER SUPPLY CURRENT
versus SUPPLY VOLTAGE
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APPLICATIONS INFORMATION

FIGURE 15 — IMPROVED METHOD OF ADDING
HYSTERESIS WITHOUT APPLYING POSITIVE
FEEDBACK TO THE INPUTS

FIGURE 16 — CONVENTIONAL TECHNIQUE FOR
ADDING HYSTERESIS

— O +15V

—0O
Output
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LM111, LM211, LM311

APPLICATIONS INFORMATION

Techniques for Avoiding Oscillations in Comparator Applications

When a high-speed comparator such as the LM111 is used
with high-speed input signals and low source impedances, the
output response will normally be fast and stable, providing the
power supplies have been bypassed{with 0.1 uF disc capacitors),
and that the output signal is routed well away from the inputs
{Pins 2 and 3) and also away from Pins 5 and 6.

However, when the input signal is a voltage ramp or a slow
sine wave, or if the signal source impedance is high {1.0 kQl to
100 k(), the comparator may burst into oscillation near the
crossing-point. This is due to the high gain and wide bandwidth
of comparators like the LM111 series. To avoid oscillation or
instability in such a usage, several precautions are recom-
mended, as shown in Figure 15.

The trim pins(Pins 5 and 6) act as unwanted auxiliary inputs. if
these pins are notconnected to a trim-pot, they should be shorted
together. If they are connected to a trim-pot, a 0.01 uF capacitor
{C1) between Pins 5 and 6 will minimize the susceptibility to ac
coupling. A smaller capacitor is used if Pin § is used for positive
feedback as in Figure 15.

Certain sources will produce a cleaner comparator output
waveform if a 100 pF to 1000 pF capacitor (C2) is connected
directly across the input pins. When the signal source is applied
through a resistive network, R1, it is usually advantageous to
choose R2 of the same value, both for dc and for dynamic (ac)
considerations. Carbon, tin-oxide, and metal-film resistors have
all been used with good results in comparator input circuitry, but
inductive wirewound resistors should be avoided.

When comparator circuits use input resistors (e.g., summing
resistors), their value and placement are particularly important.
In all cases the body of the resistor should be close to the device
or socket. in other words, there should be a veryshortlead iength
or printed-circuit foil run between comparator and resistor to
radiate or pick up signals. The same applies to capacitors, pots,
etc. Forexample, if R1= 10k, as little as 5 inches of lead between
the resistors and the input pins can result in oscillations that are
very hard to dampen. Twisting these input leads tightly is the
best alternative to placing resistors close to the comparator.

FIGURE 17 — ZERO-CROSSING DETECTOR DRIVING
CMOS LOGIC

Since feedback to almost any pin of a comparator can resuitin
oscillation, the printed-circuit fayout should be engineered
thoughtfully. Preferably there should be a groundplane under the
LM111 circuitry (e.g., one side of a double layer printed circuit
board). Ground, positive supply or negative supply foil should
extend between the output and the inputs, to act as a guard. The
foil connections for the inputs should be as small and compact as
possible, and should be essentially surrounded by ground foil on
all sides, to guard against capacitive coupling from anyfast high-
level signals{such as the output). If Pins 5 and 6 are not used, they
should be shorted together. If they are connected to a trim-pot,
the trim-pot should be located no more than a few inches away
from the LM111, and 2 0.01 uF capacitor should be installed
across Pins 5 and 6. If this capacitor cannot be used, a shielding
printed-circuit foil may be advisabie between Pins 6 and 7. The
power supply bypass capacitors should be located within a
couple inches of the LM111.

A standard procedure is to add hysteresis to a comparator to
prevent oscillation, and to avoid excessive noise on the output.
In the circuit of Figure 16, the feedback resistor of 510 k() from
the output to the positive input will cause about 3.0 mV of
hysteresis. However, if R2 islarger than 100 (), such as 50 k), it
would not be practical to simply increase the value of the positive
feedback resistor proportionally above 510 k() to maintain the
same amount of hysteresis.

When both inputs of the LM 111 are connected to active signals,
or if a high-impedance signal is driving the positive input of the
LM111 so that positive feedback would be disruptive, the circuit
of Figure 15 isideal. The positive feedback is appliedto Pin 5 (one
of the offset adjustment pins). This will be sufficientto cause 1.0
to 2.0 mV hysteresis and sharp transitions with input triangle
waves from a few Hz to hundreds of kHz. The positive-feedback
signal across the 82 () resistor swings 240 mV below the positive
supply. This signalis centered around the nominal voltage at Pin
5, so this feedback does not add to the offset voltage of the com-
parator. As much as 8.0 mV of offset voltage can be trimmed out,
using the 5.0 k2 pot and 3.0 k{) resistor as shown.

FIGURE 18 — RELAY DRIVER WITH STROBE CAPABILITY

Ve =+15V

3.0k

Balance
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10k

Balance

Input

Output
to CMOS Logic

VEE = -5V

2N2222
or Equiv

*Zener Diode D1
pratects the comparator
from inductive kickback

e and voltage transients

Strobe ©M the Vcc2 supply line.
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MOTOROLA
TECHNICAL DATA

QUAD LOW POWER OPERATIONAL AMPLIFIERS

The LM124 Series are low-cost, quad operational amplifiers
with true differential inputs. These have several distinct advan-
tages over standard operational amplifier types in single supply
applications. The quad amplifier can operate at supply voltages
as low as 3.0 Volts or as high as 32 Volits with quiescent currents
about one fifth of those associated with the MC1741 (on a per
amplifier basis). The common mode input range includes the neg-
ative supply, thereby eliminating the necessity for external biasing
components in many applications. The output voltage range also
includes the negative power supply voltage.
® Short Circuited Protected Outputs

o True Differential Input Stage

m SEMICONDUCTOR mamaamsssms

LM124, LM224,
LM324, LM324A
LM2902

QUAD DIFFERENTIAL
INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

J SUFFIX N SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

{LM224, LM324,
LM2902 Only)

® Single Supply Operation: 3.0 to 32 Volts
® Low Input Bias Currents: 100 nA Max (LM324A) 1o PLAS[;'IEL:::Z)I((AGE
® Four Amplifiers Per Package i CASE 751A
® Internally Compensated (S0-14)
o Common Mode Range Extends to Negative Supply
® Industry Standard Pinouts PIN CONNECTIONS
Out 0 7 Out
MAXIMUM RATINGS (T = +25°C unless otherwise noted) 1 4
LM124 inputs ] q | Inputs
LM224 1 G 2] 4
Rating Symbol LM324,A LM2902 Unit Vee E o VEE,
Power Supply Voltages Vdc Gnd
Single Supply Vee 32 26 Inputs { [5} T Inputs
Split Supplies Vee, VEE +16 *13 2 &l 3) 3
Input Differential Voltage Range (1) VIDR +32 +26 Vdc Out Gl ) Out
Input Common Mode Voltage Range | V|CR -03t032 | ~0.3t026 | Vdc 2 3
Input Forward Current (2) ¢ 50 — mA {Top View)
V< -03V)
Output Short Circuit Duration tg Continuous ORDERING INFORMATION
J “"Cﬁc’anempe' ature T °C Device Temperature Range Package
Ceramic Package 175 1240 - <Dl
Plastic Packages 150 —585to +125°C Ceramic DIP
Storage Temperature Range Tstg oC LM2902D 4010 4108 59-14
Ceramic Package —65to +150 LM2902N Plastic DIP
Plastic Packages -55t0 +125 LM2802J —40 to +85°C Ceramic DIP
Operating Ambient Temperature TA °C LM224D S0-14
Range LM224J ~25t0 +86°C Ceramic DIP
LM124 ~55t0 +125 — N
LM224 2510 +85 _ LM224N Plastic DIP
LM324 Oto +70 — LM324AD SO-14
tm;ﬁgg Oto +70 - LM324AN Plastic DIP
9 _ —
40to +105 LM324D 0to +70°C S0-14
NOTES: -
(1) Split Power Supplies. LM324J Ceramic DIP
(2) This input current will only exist when the voltage is negative at any of the input leads. LM324N Plastic DIP

Normal output states will reestablish when the input voltage returns to a voltage greater

than —0.3 V.
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LM124, LM224, LM324,A, LM2902
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+125°C for LM124
+105°C for LM2902
{2) The input common-mode voltage or either input signal voltage

+85°C for LM224
= +70°C for LM324,A

Thigh
2-61

—~55°C for LM124
—40°C for LM2902
= —25°C for LM224

0°C for LM324,A

should not be allowed to go negative by more than 0.3 V. The

upper end of the common-mode voltage range is Vg — 1.7 V.
and eventual destruction. Destructive dissipation can resuit from

simultaneous shorts on all amplifiers.
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(3) Short circuits from the output to Ve can cause excessive heating

NOTES:
(1) Tiow




LM124, LM224, LM324,A, LM2902

REPRESENTATIVE CIRCUIT SCHEMATIC
(One-Fourth of Circuit Shown)

Bias Circuitry

Common to Four
Qutput

Amplifiers
‘o vee
.] o«sf !
Q22 |
Q16 k—— kﬁ Q14 - |
Q13 — ]
40 k |
Q19 1
5 pF Q12 Q24 :

i@

1 25 Q23 l
|
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' |
Q18 Q20 |
Inputs
Qs |
{011 I
o Q17 Q21 K ; |
Qs Q25 |
|
Q2 }—— as ! |
4
b ﬂ 1 o
Q3 Qa4 Q26 las }\l |
:o VEE/Gnd

LARGE SIGNAL VOLTAGE
FOLLOWER RESPONSE

I I

+ Vee = 156 Vde

T RL=-2kQ

T Ta = 25°C
s I
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CIRCUIT DESCRIPTION

The LM124 Series is made using four internally com-
pensated, two-stage operational amplifiers. The first stage

SINGLE SUPPLY

3.0 V to Vgc(Max.)
—'—4”_@ Vce

1

2

ISR

3

B 0

b———————38 Vge/Gnd

29999%9%

of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and
the differential to single ended converter Q3 and Q4.
The first stage performs not only the first stage gain
function but also performs the level shifting and trans-
conductance reduction functions. By reducing the trans-
conductance a smaller compensation capacitor (only 5 pF)
can be employed, thus saving chip area. The transcon-
ductance reduction is accomplished by splitting the col-
lectors of Q20 and Q18. Another feature of this input
stage is that the input common-mode range can include
the negative supply or ground, in single supply operation,
without saturating either the input devices or the dif
ferential to single-ended converter. The second stage con-
sists of a standard current source load amplifier stage.

Each amplifier is biased from an internai-voltage regu-
lator which has a low temperature coefficient thus giving
each amplifier good temperature characteristics as well as
excellent power supply rejection.

SPLIT SUPPLIES

L
= 1.5 V to Voo (Max.)

11

=15V to VEE(Max.)
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LM124, LM224, LM324,A, LM2902

TYPICAL PERFORMANCE CURVES

FIGURE 1 — INPUT VOLTAGE RANGE FIGURE 2 — OPEN LOOP FREQUENCY
2
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FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER
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FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE (Non-Inverting)
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LM124, LM224, LM324,A, LM2902

APPLICATIONS INFORMATION

FIGURE 7 — VOLTAGE REFERENCE

R1

R1
Vo =25V(1 +—=
o=2 ( F‘2)

FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER

s

FIGURE 8 — WIEN BRIDGE OSCILLATOR

Vret &

1
Vref =3 Vce

50 k
AvAvAv
5.0k
\'
10k ~ cc
MV m
LM »—.vo
+324
fo- o
27 RC
Av":'ﬁl( For fo=1kHz
) 2 JA R=16kQ
Rg AxC C=0.01puF

FIGURE 10 — COMPARATOR WITH HYSTERESIS

R2 Hysteresis
VoH
AAA "1 )
Sh1 aR1 Vief @—AAA—4 Vo 1
>
$ ° '
AN Vin Vo !
b R1 v -
- oL VinL ! VinH
O Vref
Rt
e2 O VinL = g5 Rz (VoL ~ Vref) * Vref
R1
= VinH =577 Rz (YOH ~ Vret! + Vret
e =C(1+a+b)(e2-el) R1
H=——(Voy - V
Ri+Az YoH~ Vol
FIGURE 11 — BI-QUAD FILTER
AAA '
A A fo -
R 27 RC
100 k
c1 K i€ M- R1=QR
\i'" i¢ AAA ¢ ¢ R2=LA1 v f=1VCC
@ 1 Wy R Ter re 2
MW 14 100 &
o LM A A R3=T\ A2
1/4
324 o c1=10c
324
s -
Vot For fo = 1kHz
a=10
v ¢———@ Bandpass R3 Viref
ref e Output Tgp =1
2R1 -
R2 *b Tny=1
‘v‘v‘v c1
b J——e@nowhoutput g -0k
O C = 0.001 uF
R1=1.6MQ
Veef Where Tgp = Center Frequency Gain R2=1.6 MQ
Twn = Passband Notch Gain A3 = 1.6 M§2
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LM124, LM224, LM324,A, LM2902

APPLICATIONS INFORMATION (continued)

FIGURE 12 — FUNCTION GENERATOR FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER

1 Triangie Wave R2
Vret = 3 Vee Output @ AAA— =
300 k
R1
Vet O Vin &—WW\
O
O ——o
Square
I€ Wave
LAY Output 1
< < Vief Vret = 3 Vce
Rt
¢ R1 +RC a3 R2 R1
- i =
4 CR¢ R1 R2 + R1
f

Given fo = Center Frequency
A(fy) = Gain at Center Frequency

Choose Vaiue f,, C

Then
R3 =
mi C
R3
Al ="
2 A(f)
2 R1R3
R2 =
402 R1 - R3

For less than 10% error from operational amplifier

QO 'D
W <01 Where f, and BW are expressed in Hz.

If source impedance varies, filter may be preceded with voltage

follower buffer to stabilize filter parameters.
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MOTOROLA

m SEMICONDUCTOR s
TECHNICAL DATA

QUAD SINGLE SUPPLY COMPARATORS

These comparators are designed for use in level detection, low-
level sensing and memory applications in Consumer Automotive
and Industrial electronic applications.
® Single or Split Supply Operation
® Low Input Bias Current — 25 nA (Typ)
® Low Input Offset Current — +5.0 nA (Typ)
® Low Input Offset Voltage — +1.0 mV (Typ LM139A Series)
® Input Common-Mode Voltage Range to Gnd
® Low Output Saturation Voltage — 130 mV {Typ) @ 4.0 mA

LM139, A
LM239, A LM2901
LM339, A MC3302

QUAD COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

® TTL and CMOS Compatible PLA';"I"I’CS;‘:\F('):I'();GE
MAXIMUM RATINGS CASE 646
Rating Symbol Value Unit
Power Supply Voltage LM139, A/LM239, A/ Vee +36or =18 Vdc
LM339A/LM2901 J, L SUFFIX /
MC3302 +30 or =15 CERAMIC PACKAGE i
Input Differential Voltage Range VIDR Vdc CASE 632 "
LM138, A/LM239, A/LM339, A/LM2901 36
MC3302 30 D SUFFIX
Input Common Mode Voltage Range VICR -03toVee | Vde ‘ PLAE-ESCEP;ﬁl/(\AGE
Output Short-Circuit to Gnd {Note 1) Isc Continuous " 150-18)
Input Current (Vj,, < —0.3 Vdc) (Note 2) lin 50 mA
Power Dissipation @ Ta = 25°C Pp
Ceramic Package 1.0 Watts
Derate above 25°C 8.0 mw/rC PIN CONNECTIONS
Plastic Package 1.0 Watts o Cumut
Derate above 25°C 8.0 mwW/rC el [12) 7"
Junction Temperature Ty °C Output Output
Ceramic & Metal Package 175 2 13] a
Plastic Package 150 | .
v 3h
Operating Ambient Temperature Range TA °C e E A ‘—2-] Gnd
LM138, A —-55t0 +125 input Input
LM239, A -25t0 +85 = E E a+
MC3302 -40to +85 Input Input
LM2901 —40to + 105 1+ E E a-
LM339, A 0to +70 Input E E Input
Storage Temperature Range Tstg -65t0 +150 | °C 2- 3+

FIGURE 1 — CIRCUIT SCHEMATIC (Diagram shown is for 1 comparator)

o} ? o
Vee +Input - Input Output

:

Yy y .

H

6 Gnd

input :} tnput
8
2+ ? 3-

(Top View)

ORDERING INFORMATION

Temperature

Device Range Package
LM1394, AJ —55°C to +125°C Ceramic DIP
L{M239D, AD S0-14
LM239J, AJ —25°C to +85°C Ceramic DIP
LM239N, AN Plastic DIP
LM339D, AD S0-14
LM339J, AJ 0°C to +70°C Ceramic DIP
LM339N, AN Plastic DIP
LM2901D " . S0-14
LM2901N —40Cto +105°C | b ctic DIP
MC3302L . . Ceramic DIP
MC3302P ~40°Cto +85°C Plastic DIP
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LM139,A, LM239,A, LM339,A, LM2901, MC3302

“1ga1dAl s} Su QOE ‘sjeuBis 106.18| J04 "BALPIBAD AW 0°G YMm ders Indut Aw Q0L © 10} SI payioeds swy ssuodsal 8yl ‘g

“91815 INGINO BY} jO JuBpuadapu) ‘JUBISUDD AJJENUIA St JUBLIND Siy 1 ‘8Bels Indur dNd @Y 01 9np SINdU) 8y} JO INO SMO| UBLIND SBIG BY) G
(OPA G'L ~ DA 01 pA 0) 9BUEI BPOLI-UOWILIOD (I} 84) 18AC SINdu| 241 YUM ‘OPA 0 S IIA = IPA 0'G ‘U 001 = SH ‘9PA #'L = OA ‘wiod youms indino eyi 1y p
24601 + = B4y ‘9,00 = MOl — o6z
9,88+ = UBI| 5 op— = MOl — z0eEDW 2.68+ = B 3,67 = MOI| —— yEEZ/BEZNT
2.0+ = UBNL "0 = MOI; — veee/EENT 2,521+ = UBM| ‘0,66 = MOI| — yBEL/BELINT €
‘Ajddns aaneBeu 10 punciB = 8wWooeq SINAUI BY) UBYM JBA0DS ||IM S6381Is IndIno jewsou pue Bunes xew ey) o}
PelILLI| UBYM 821IABD 8y} A0NISEP 10U {|IM SIYL ‘8ANEBeU uBALp s Indu! ue jey) Bwn 8yl Buunp (ebiey 11pJeA0 1 punolB Jo) |9as} aBejjoa DDA 8yt 01 0B 01 si01BIBdWOD
8y} jO 8BE1|OA INGING BY) SSNEO UBD YIIYM UONIE JOISISUES JlIseIed dNJ [BI1e| B OS|e 1 eiay] ‘epoip dwep jndur ue se Bujide ‘peseiq piemioy Buiwodeq uoiduni eseq
-10199(102 dNd Indul 8Y) 03 enp sy s1y) -eBeI0A Ajddns eAneBeu ey} JO punoiB uey) 8ANEBBU 8I0W UBALID BIE SPBB| BY) §I IND3O AJUO (1M JUBLIND Indut Jo spnyuBew syt 7
‘uonaninsep
|enluaAs pue Buneay sAIssaoxa esnea ues DA 03 siNo Loys Inding "0 jo epniuBew ey jo Juepusdepul ‘Yw 07 Se YBIY Se g Aew UBLND INdINO WNWIXeW 8y |
‘S310N
PAOZIAUY
A WA | — | — |9 - — | - | = || - — 1% — — [ — — Qip eBe310A Indu| [enuasayq
9pA 0F = OA “0 = (-)IA 9PA 01+ Z (1)IA
v ot — - oL - - ol - — f ot - —f ot - - oL - - 10y euny eBexes Inding
vw ot TS0 = (+)IA 9PA 0" L+ Z(-IA
AW 00L - - 00L - - 00L - - 00L - — | 0oL - - 00L — - .S, oBeljoA uoneimes
0z~ oz- oz~ oz~ oz- oz
A DAL — | o |9 — [ o [POj— [ o ]Pn| - 0P| ~ o ¥ - | o HOIA aBuey aBeljoA apow-uowwo indu
wu [ooex| — | — Joozz| — | — fosiz{ — | — Joois| — | —Josi¥] — | — JooF] — | — ol (¥ @10N) 1ue1IND 185440 Indu|
(eBuey seaun ut JnAINQ)
wu oooL | — — Joos| — — Joovr | — — fooe | — —Joor | — — Jooe| — - ay (G "p SeI0N) IueunD seig 1ndu)
opAW orF d b SI¥ — - 06+ - - 06+ - — JOv+ - - ovF - - [N (b a10N) 36e1joA 135H0 1ndu|
xepw | dAp | uin | xew | dAL | wiw w | dAL | wiy [ xepy [ dAL | g | xew | dAL | ww | xenw | dAL | wy
u, e — A,
wn ZOEEON 062 6E£/65ZAT G V6EE/VEEZWT VEELWT foquis oHsueIeRIend
(fc 210N] 4B 01 MO = V) “9pA 05+ = OOA) SDILSINILIVHVHO IDNVINHOIYID
9PA 0'g+=OA 0= (-#A9PA O'L+ 2140
wu - 1o - - (¥4 -—f — 10 - - to - - o et - 1o — 10, weun) eBayee inding
vw o'y > M| 0 = (+)A 9PA O'L+ € 1-FA
AW 00$ | oEl — | oov | o€l —Joor | OEL — | 00v | OEL — foov | OEL — Joov | oL - 1es, aBe)|oA uonRINIeS
WAL SON0=(APAO L+ €1 IA
vw — |ot]oo] — |9 o9] — | ot {oo] — o1 |oo| — |t ]oo} — | 9 |o09 sy LD yuig inding
U 1°G = Ty 9PA 0'g = TA
s - £l - - €1l -1 - €1 - - €1l - - Et - - €t - - {g eloN) swi) esuodsey
vrrg=Ty
‘9PA 0'G = THA ‘9pA 7L = 1A
‘Buimg 018071 111 = IA
su — Jooe| = | — [ooe| —]— fooe} — ) — Jooe| — ] — jooe | — ] — |o0E| — = un esuodsey jeubls e6ie)
PAGL=DOAUIGLE Y
AW/A - 0t [4 - 0oL sz — 00T — — 00T - - 00T 0% - 002 0s Ay uieg) 8BaioA
— | — | {9z |or -1-f{-t-1-1-1-1-1-"1{1-"1-|-1- 9pA 0g =N ‘== Ty
yw 0T | 80 - oz | 80 —1]0¢ 80 - oz | 80 —]ot 80 - 0T | 80 - (si01848dW0) (I 04} o = Ty
o) weun) Alddng
gl §1- gi- - Sl- gi-
A MNp | — o Al — ol®a | — 0o |a} — o 1) — o o) — o Hdip abuey aBeljoA spOY-UCWWIOY Indu)
wu 00LF |OEF - 08F | 06+ ~—|os+ |ogsF - sZF |0€eF — Jos* |0+ - ST+ | OEF - Ol (p 810N} B.LIND 19840 Induy
(eBugy sesur Ut IndInQ)
wu oos | sz | — josz | sz —Josz | sz | — Joor | sz | — Josz [ sz | — Joor] sz [ — ah (g 'p S910N) we.INJ Sw1g Indu|
OPAW 0ZF |OEx b oL¥ | 0ZF — josF jozF - 0sF 0T+ — jJozx |OlF - 0TF | O'IF - Olp (¥ M0N) 8Be3joA 19810 induj
xew | dAy | win | xew | dAL i [xepy [ dAg | uiw | xep | dAL | win | xew | dAL | wiy | xew | dAL | wiw A
o FEL 06z GEE/ 65N SELWT V6EE/VEETNT VEELWT rawts LHsunoRIsD

(peiou esimisyIo SselUN DoGZ = Y1 '9PA 0'G+ = IOA) SDILSINIALIVHVHO TVIIHLOINI

MOTOROLA LINEAR/INTERFACE DEVICES

2-67



LM139,A, LM239,A, LM339,A, LM2901, MC3302

FIGURE 2 — INVERTING COMPARATOR WITH HYSTERESIS

+Vee

R3

>
10k b3
10k
V|N°—'\/W———J* :,0

Rref Vo
+ VCC O——AAA +

NORMALIZED OFFSET VOLTAGE

R2
Vref V-
S ™
10 kiﬂ‘l
= _ Vge Rl
Vret = ——Rref Y
R3 = R1// Rpet//R2
R1// Rref

VH = om———————— (V. -V )
H R1‘//Rref T R2 Omax Omin

R2>> Ryef//R1

FIGURE 3 — NON-INVERTING COMPARATOR WITH

HYSTERESIS
+Vee
Rref
Vref
10k
R1
= R2 —O Vo
VN O—VA—Y
N 10k
“R3 Ve R1
Veof = —SC
—W\——1M ref Rref * A1

A2 = R1//Ryef

Amount of Hysteresis Vi

R2

V= —2
HTR2+ R3

(Vomax - VOmin!

TYPICAL CHARACTERISTICS
(Vee = +15 Vdc, Ta = +25°C (each comparator) unless otherwise noted. )

FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE
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FIGURE 5 — INPUT BIAS CURRENT
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FIGURE 6 — OUTPUT SINK CURRENT versus
OUTPUT SATURATION VOLTAGE
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FIGURE 7 — DRIVING LOGIC

Vee

Rg = Source Resistance

R1~ Rg

Vee RL
LOGIC DEVICE | Volts k2
cmos |1/amcrao01| +15 100
TTL 1/4 MC7400 +5 10

FIGURE 8 — SQUAREWAVE OSCILLATOR

Vee »a Vv

E‘IOK
100 k

A5l

T1=T2=0.69 RC

7.2
fx ——
C (uF)
R2 =R3 = R4
R1 =~ R2//R3//R4

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide
bandwidth characteristics. This gives the device oscil-
lation tendencies if the outputs are capacitively coupled
to the inputs via stray capacitance. This oscillation man-
ifests itself during output transistions (VoL to VQH). To
alleviate this situation input resistors < 10 kQ should
be used. The addition of positive feedback (<10 mV) is

FIGURE 9 — ZERO CROSSING DETECTOR
(Single Supply)

+15 V

1Bk
R3 ¢
L

D1 prevents input from going negative by more than 0.6 V.

R1+ R2=R3

R3 < nT'f) for small error in zero crossing

also recommended.

It is good design practice to ground all unused input
pins.

Differential input voltages may be larger than supply
voltages without damaging the comparator’s inputs.
Voltages more negative than —300 mV should not be
used.

FIGURE 10 — ZERO CROSSING DETECTOR
{Split Supplies)

ViNmin ~0-4 V peak for 1% phase distortion (40).

Vin ViINmin
Vee
-
-—/ ©
4
310k
L—0\'0
Vece T f
|
|
= Vo = ©
Vee |
—| |20
1
VEE L
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TECHNICAL DATA

The LM148 series is a true quad MC1741. Integrated on a single
monolithic chip are four independent, low power operational
amplifiers which have been designed to provide operating charac-
teristics identical to those of the industry standard MC1741, and
can be applied with no change in circuit performance. In addition,
the total supply current for all four amplifiers is comparable to
the supply current of a single MC1741. Other features include input
offset currents and input bias currents which are much less than

(QUAD MC1741)
OPERATIONAL AMPLIFIERS

the MC1741 industry standard.

The LM148 can be used in applications where amplifier matching
or high packing density is important. Other applications include high

impedance buffer amplifiers and active filter amplifiers.

LM148
LM248
LM348

® Each Amplifier is Functionally Equivalent to the MC1741
® Low Input Offset and Input Bias Currents
® (Class AB Output Stage Eliminates Crossover Distortion
® Pin Compatible with MC3503 and LM124
® True Differential Inputs
® Internally Frequency Compensated
® Short Circut Protection
® Low Power Supply Current (0.6 mA/Amplifier)
EQUIVALENT CIRCUIT SCHEMATIC
(1/4 of Circuit Shown)
vee
—0
G
T J
NON-mannu ~ LN
45k
,__{i b3
¥KkS 1
e N - Ll I lourput
°© v 14-i¢ )
|
LN
2 50
l—_‘ N 1
j >
L y 3 b —‘t
10k 3 50k 10k S0k o > 50
——0O0

(QUAD MC1741)
DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS
SILICON MONOLITHIC
INTEGRATED CIRCUIT
J SUFFIX
CERAMIC PACKAGE
CASE 632
14
1
N SUFFIX
PLASTIC PACKAGE
CASE 646 14
1
D SUFFIX
PLASTIC PACKAGE
14 CASE 751A
1 (SO-14)
PIN CONNECTIONS
01ut [1— S e O‘ut
=] 2]
inputs _‘ 4 Inputs
1 + 4
(] 2]
veo £ e
E] > ]
Inputs Inputs
2 3
(] 2]
O Out
NE B8
(Top View)
ORDERING INFORMATION
Device Temperature Range Package
LM148J —5510 +125°C Ceramic DIP
LM248J o Ceramic DIP
LM248N ~25to +85°C Plastic DIP
LM348D S0-14
LM348J 0to +70°C Ceramic DIP
LM348N Plastic DIP
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LM148, LM248, LM348

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

Rating Symbol LM148 LM248/LM348 Unit
Power Supply Voltage Vee +22 +18 Vdc
VEE -22 -18 Vdc
Input Differential Voltage Vip +44 +36 Volts
Input Common Mode Voltage VicM +22 +18 Volts
Output Short Circuit Duration ts Continuous
Operating Ambient Temperature Range TA —-55t0 +125 | —25to +85| Oto +70 °C
Storage Temperature Range Tstg °C
Ceramic Package -651t0 +150
Plastic Package -5510 +125
Junction Temperature T °C
Ceramic Package 175
Plastic Package 150
ELECTRICAL CHARACTERISTICS (Ve = +15 V, VEE = =15 V, T = 25°C unless otherwise noted)
LM148 LM248/348
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - 1.0 5.0 - 1.0 6.0 mV
(Rg < 10 k)
Input Offset Current [ITe) - 4.0 25 - 4.0 50 nA
Input Bias Current lig - 30 100 - 30 200 nA
Input Resistance ri 0.8 2.5 - 0.8 2.5 — MQ
Common Mode Input Voltage Range VICR +12 - - £12 — - Vv
Large Signal Voltage Gain Ay 50 160 - 25 160 - VimV
(RL>20kVp=£10V)
Channel Separation — — -120 - - -120 - dB
(f = 1.0 Hz to 20 kHz)
Common Mode Rejection Ratio CMRR 70 90 - 70 90 - dB
(Rg < 10k)
Supply Voltage Rejection Ratio PSRR 77 96 - 77 96 - dB
(Rg < 10k)
Output Voltage Swing Vo A\
(RL>10k) +12 +13 — +12 +13 -
(R > 2k) £10 +12 - £10 £12 -
Output Short-Circuit Current los - 25 = - 25 - mA
Supply Current — (All Amplifiers) Ip - 24 3.6 - 24 45 mA
Small Signal Bandwidth (A = 1) 8w - 1.0 - - 1.0 - MHz
Phase Margin (A, = 1) ¢m - 60 - - 60 - degrees|
Slew Rate (A, = 1) SR - 0.5 - - 0.5 - V/us
ELECTRICAL CHARACTERISTICS (Vg =+15V, VEE =-15V, TA = *Thigh 10 Tjow unless otherwise noted)
Input Offset Voltage Vio — - 6.0 - - 7.5 mV
(Rg < 10 kQ)
Input Offset Current ho nA
LM148 - — 75 - - -
LM248 - - - - - 125
LM348 - — - — — 100
Input Bias Current U] 3 nA
LM148 — - 325 - — -
LM248 — - - - — 500
LM348 — - — - — 400
Common Mode Input Voltage Range VicR +12 - - +12 - - \
Large Signal Voltage Gain Ay 25 - - 15 - - VimV
RL =2k Vp=210V)
Common Mode Rejection Ratio CMRR 70 90 - 70 90 - dB
(Rg < 10 k)
Supply Voltage Rejection Ratio PSRR 77 96 - 77 96 - dB
{Rg < 10 k)
Output Voltage Swing Vo v
(R >10k) +12 +13 - 12 +13 -
(R =2k) +10 +12 - +10 +12 -

*Thigh = 125°C for LM148, 85°C for LM248, and 70°C for LM348. T,y = ~55°C for LM148, -25°C for LM248, and 0°C for LM348,
NOTE: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted
or the maximum junction temperature will be exceeded.
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LM148, LM248, LM348

TYPICAL CHARACTERISTICS
(Ve = +15 Vde, VEg = -15 Vdc, T = +25°C unless otherwise noted).

FIGURE 1 — POWER BANDWIDTH
{LARGE SIGNAL SWING versus FREQUENCY)

FIGURE 2 — OPEN LOOP FREQUENCY RESPONSE
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FIGURE 6 — OUTPUT VOLTAGE SWING versus
LOAD RESISTANCE (Single Supply Operation)
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FIGURE 7 — OPEN LOOP VOLTAGE GAIN

FIGURE 6 — NONINVERTING PULSE RESPONSE versus SUPPLY VOLTAGE
05
B | —— !
100 E
g g
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: 1 \nu PUT . P
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3 y N, 58
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INPUT z 8
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FIGURE 10 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER

APPLICATIONS INFORMATION

FIGURE 8 — VOLTAGE REFERENCE

FIGURE 9 — WIEN BRIDGE OSCILLATOR

50 k
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—l \"2 3
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FIGURE 11 — COMPARATOR WITH HYSTERESIS
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ref 2 Vcc

LM148, LM248, LM348

FIGURE 12 — HIGH IMPEDANCE INSTRUMENTATION BUFFER/FILTER

FIGURE 13 — FUNCTION GENERATOR

Triangle Wave R2
1 Output @ AN

Vref

b—@ Square Wave

Output
FIGURE 14 — BI-QUAD FILTER
M- 1
A R o=
R 27 RC
100 k
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+
Vet
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rof S Output
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R2 3
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R1=1.6M0 Vref = 5 Vee
R2=1.6MQ Vet Where Tgp = Center Frequency Gain
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TN = Passband Notch Gain
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LM148, LM248, LM348

FIGURE 15 — ABSOLUTE VALUE DVM FRONT END
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TECHNICAL DATA

DUAL LOW POWER OPERATIONAL AMPLIFIERS

Utilizing the circuit designs perfected for recently introduced
Quad Operational Amplifiers, these dual operational amplifiers
feature 1) low power drain, 2) a common mode input voltage range
extending to ground/VEE, 3) Single Supply or Split Supply operation
and 4) pin outs compatible with the popular MC1558 dual operational
amplifier. The LM158 Series is equivalent to one-half of an LM124.

LM158, LM258,
LM358, LM2904

DUAL DIFFERENTIAL
INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

e . - VCC
These amphher.s have seyeral distinct advanta‘gesvover standard Cutput A 'é Output 8
operational amplifier types in single supply applications. They can O )
operate at supply voltages as low as 3.0 Volts or as high as 32 Volts
with quiescent currents about one-fifth of those associated with the @) (&)
MC1741 (on a per amplifier basis). The common mode input range Inputs A 'V v’ Inputs 8
includes the negative supply, thereby eliminating the necessity for ) (5)
external biasing components in many applications. The output voltage H SUFFIX ) O, j Top Views
N . /Gn o iew!
range also includes the negative power supply voltage. METAL PACKAGE EE i
. . C 601
® Short Circuit Protected Outputs ASE
® True Differential [nput Stage
® Single Supply Operation: 3.0 to 32 Volts J SUFFIX
® Low Input Bias Currents r CERAMIC PACKAGE
® Internally Compensated 8 CASE 693
® Common Mode Range Extends to Negative Supply 1
@ Single and Split Supply Operation N SUFFIX
R CKAGE
® Similar Performance to the Popular MC1558 PLASTIC PA
P CASE 626 K
D SUFFIX !
, PLASTIC PACKAGE
8 CASE 751
MAXIMUM RATINGS (T = +25°C unless otherwise noted) (SO-8)
LM158
LM258 18] vee
Rati M. 2904 Unit
ating Symbol LM358 LM290 ni Output B
Power Supply Voltages Vdc
Smgle Supgly Vee 32 26 Inputs B
Spiit Supplies Vee. VEE 16 *13
Input Differential Voltage Range (1) VIDR +32 t26 Vdc (Top View)
Input Common Mode Voitage Range (2) VicR -0.3t032 | -0.31026 Vdc
Input Forward Current (3) Y3 50 - mA ORDERING INFORMATION
(V<-03V) Temperature
Output Short Circuit Duration ts Continuous Device Range Package
Junction Temperature T, °c LM158H Metal Can
. ~55to +125°C
Ceramlc and Metal Packages 175 L M158J Ceramic DIP
Plastic Package 150
Storage Temperature Range Tstg °c LM2504D —40to +105°C S(?-S
Ceramic and Metal Packages -65 to +150 LM2304N Plastic DIP
Plastic Package -55 to +125 LM2904J . Ceramic DIP
Operating Ambient Temperature Range Ta oc LM2904H ~4010 +85°C Metal Can
LM158 -55t0 +125 -
LM258 -25 to +85 - LM258D S0
- LM258H Metal Can
LM358 0to+70 ~251t0 +85°C
LM2904 — —40 to+ 105, LM258J Ceramic DIP
NOTES: LM258N Plastic DIP
(1) Split Power Supplies. LM358D S0-8
(2) For Supply Voitages less than 32 V for the LM158/258/358 and 26 V for the LM2904,
the absotute maximum input voltage is equal to the supply voitage, LM358H 0 o Metal Can
; ; N to +70°C
(3) This input current wiil only exist when the voltage is negative at any of the input leads. LM358J Ceramic DIP
Normal output states will reestablish when the input voltage returns to a voltage greater
than -0.3 V LM358N Plastic DIP
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LM158, LM258, LM358, LM2904

ELECTRICAL CHARACTERISTICS (Vo =50V, VEE=Gnd, T = 259C unless otherwise noted}

—40°C for LM2904
—25°C for LM258

0°C for LM358

LM158/L.M258 LM358 LM2904
Characteristic Symbol {Min { Typ | Max { Min | Typ | Max | Min | Typ Max | Unit
input Offset Voltage Vio mV
Vee = 5.0 Vo 30V (26 V for LM2904),
Vic=0VtoVgc-17V,Vg=~14V,Rg=00
Ta = 25°C ~ 20|80} - 20|70 - |20]|70
TA = Thigh 10 Tiow (Note 1) - - 701 - - 190% - - 10
Average Temperature Coefficient of Input Offset Voltage AV po/AT| — 7.0 - - 7.0 - - 70 — |uv/oC
Ta = Thigh to Tiow (Note 1)
Input Offset Current Lo — 30 | 30 - 50 | 50 - 50 | 50 nA
TA = Thigh to Tiow (Note 1) — — 100 | - - 150 - 45 | 200
Average Temperature Coefficient of Input Offset Current Aljp/aT | — 10 - - 10 - - 10 = pA/°C
TA = Thigh to Tiow (Note 1)
Input Bias Current B — |-45 [-150f — | -45 [-250] — | -45 [-250| nA
TA = Thigh to Tiow (Note 1) - -50 |-300f] — | -50 [-500}] — | -50 |-500
Input Common-Mode Voltage Range (Note 2) ViIcR Vv
Vee = 30 Vv {26 V for LM2904) 0 = 28.3 0 - 283 0 - 243
Vee =30V (26 V for LM2904), Ta = Thigh 10 Tiow o |- {28 ]o0 - 128 ] o - |24
Differential Input Voltage Range VIDR - - Iveel - - |Veel - - |Vee v
Large Signal Open-Loop Voltage Gain AyOL V/imV
R =20k, Vce =15V, For Large Vg Swing, 50 |100 | — 25 1100 | — - |100 | —
TA = Thigh to Tiow (Note 1) 25 - - 15 - — - -
Channel Separation - - 120 - - {-120 - =120 - d8
1.0 kHz < f € 20 kHz, Input Referenced
Common-Mode Rejection Ratio CMRR 70 85 - 65 70 - 50 70 - dB
Rg < 10 k€2
Power Supply Rejection Ratio PSRR 65 | 100 - 65 | 100 - 50 | 100 - dB
Output Voitage Range VOR 0 - 3.3 0 — 3.3 0 - 3.3 Vv
RL =2 kQ (R = 10 k§2 for LM2904)
Output Voltage—High Limit {TA = Thigh t0 Tjow! (Note 1) VOH v
Vge =30V (26 V for LM2904), R = 2 kQ2 26 - - 26 - - 22 - -
Vee =30V (26 V for LM2904), R = 10 kQ 27 28 ~ 27 28 - 23 24 -
Output Voitage—Low Limit VoL - 5.0 20 - 5.0 20 — 5.0 20 mV
Ve =50V, R = 10 k2, Tp = Thigh to Tiow (Note 1)
Qutput Source Current lo+ 20 40 - 20 40 - 20 40 - mA
Vip=+10V,Vgc=15V
Qutput Sink Current io-
Vip=-10V,Vcc=15V 10 20 - 10 20 - 10 20 — mA
Vip=-10V,Vqg =200 mVv 12 50 - 12 50 - - — - HA
Output Short Circuit to Ground (Note 3) los - 40 60 — 40 60 — 40 60 mA
Power Supply Current (T = Thigh to Tigw! (Note 1} Icc mA
Vee =30V (26 V for LM2904), Vo =0 V, R == - 15 3.0 — 15 30 - 15 3.0
Vec =5V, Vp =0V, R = ~ Joz |12] - o7 |12] - o7 |12
NOTES:
(1} Tjow = —56°C for LM158 Thigh = +125°C for LM158

+105°C for LM2904
+85°C for LM258

= +70°C for LM358

{2) The input common-mode voltage or either input signal voltage
should not be allowed to go negative by more than 0.3 V. The
upper end of the common-mode voltage range is Vcc — 1.7 V.

(3) Short circuits from the output to V¢ can cause excessive heating
and eventual destruction. Destructive dissipation can result from
simultaneous shorts on all amplifiers.

3.0 V to V¢ (Max)

SINGLE SUPPLY

n
1

Vee

7797

)

L——————=2 vge/Gnd

SPLIT SUPPLIES

Vce

1.5 V to V¢ (Max)

o
+—0

77979

= 1.5V to Veg (Max)

— ]

Vee
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LM158, LM258, LM358, LM2904

REPRESENTATIVE CIRCUIT SCHEMATIC aias Circuntry
(One-Half of Circuit Shown) OQutput corx:g:‘nf‘lgrs o

. '

¢ ors ) e
1

Q22 |

Qe '\‘;_ Q14 . !

,__Ko 13 =l |

40 |

Q19 I

5 pF Q12 Q24 !

T

p 25 Q23 |

|

|

° |
Qs Q20 |

inputs
Qs

Con {

o— Q17 Q21 !
a6 : Q25 1

I-’J ‘

02}_ as [ !
< 1 ) oo 24k |

Q3 Qa Q26 108 —’1 !

: VEeg/Gnd

LARGE SIGNAL VOLTAGE

FOLLOWER RESPONSE

s Vee = 15 Vdc
-+ RL=2kQ -
T Ta = 25°C

1 V/Div.

5.0 us/Div.

CIRCUIT DESCRIPTION

The LM158 Series is made using two internally com-
pensated, two-stage operational amplifiers. The first stage
of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and
the differential to single ended converter Q3 and Q4.
The first stage performs not only the first stage gain
function but also performs the level shifting and trans-
conductance reduction functions. By reducing the trans-
conductance a smaller compensation capacitor (only 5 pF)
can be employed, thus saving chip area. The transcon-
ductance reduction is accomplished by splitting the col-
lectors of Q20 and Q18. Another feature of this input
stage is that the input common-mode range can include
the negative supply or ground, in single supply operation,
without saturating either the input devices or the dif-
ferential to single-ended converter. The second stage con-
sists of a standard current source load amplifier stage.
" Each amplifier is biased from an internal-voltage regu-
lator which has a low temperature coefficient thus giving
each amplifier good temperature characteristics as well as
excellent power supply rejection.
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2-78

ERFACE DEVICES



LM158, LM258, LM358, LM2904

TYPICAL PERFORMANCE CURVES

FIGURE 1 ~ INPUT VOLTAGE RANGE

+20

+18
& 18
E 14 ///
2 P
Wy
2.0 v | PN
bl 4
g a0 \ A
g A
Z 260 v
- // Positive
> 40 /

+2.0 ¥

0

0 :20 +40 +60 80 £10 12 =*14 16
Vee/VEE, POWER SUPPLY VOLTAGES (VOLTS)

18 20

FIGURE 3 - LARGE-SIGNAL FREQUENCY RESPONSE

"

T
z \
g 4 Rp = 2kQ
2 veg= 15V
: \ Vge=Gnd
g GAIN =-100
= Rl =1k
S 0 RF =100 k2
b
g \
5 40 N
e N
& 20 N
E N

0

10 10 100 1000

1, FREQUENCY {kHz}

FIGURE 5 — POWER SUPPLY CURRENT versus

POWER SUPPLY VOLTAGE

24

]
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03

1cc, POWER SUPPLY CURRENT (mA)
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Ve, POWER SUPPLY VOLTAGE (VOLTS)
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FIGURE 2 — OPEN LOOP FREQUENCY

8

[T T
vee=15V
VEE =Gnd

= 269
N Ta = 25°C

T

=
3
i

3

AvoL. LARGESIGNAL
OPEN-LOOP VOLTAGE GAIN (d8)

-20
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FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER
PULSE RESPONSE
{Non-inverting)

vee=30V
VEE =Gnd
I"‘ R Ta = 259C
i CL = 50 pF

Vg, GUTPUT VOLTAGE (mV)
A
S
o

~
o8

0 10 20 30 40 50 60 10 8¢
t, TIME (us)

FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE

T
s
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@
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=
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LM158, LM258, LM358, LM2904

APPLICATIONS INFORMATION

FIGURE 7 - VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR
50 k
R1 AAA

VWA

MC1403

R1
Vo=25v(+ 8l
o R2’

FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 — COMPARATOR WITH HYSTERESIS

Hysteresis

Vou r._-'
R1 [
Vref ® Vo i
t
O 1
I
Vin O Vo |

\%
oL VinL ! VinH
Vret

R1
VinL = 577 RS (VoL — Vret) * Vret

R1
VinH = g7 Rz (VOH ~ Vret) * Vet

e =C (1 +a+b)(e2-eM)

H ) (v Vour!
“RTvAz (VoH VoL

FIGURE 11 - BI-QUAD FILTER

AAA

VA~ B
AAA f. = —
o R ° 2mRC
I\ 100 k
o 1€ S [§ AV R1=QR
v c c R1 1
PN o2 > R2= o Vref = 5 Vee
® 1€ VWA % N Ter
LM358 MWA v 100 k Ra-T
) LM358 AAA- R N R2
4 LM358 ci1=10cC
* For fo=1kHz
Vret o
Q=10
¢———@ Bandpass A3 Vref
Vref B Output Tgp=1
A2 s Tn=1
VWA c
O ——-K——. Notch Output R=160k
O C =0.007 uF
R1=16MQ
Veef Where Tgp = Center Frequency Gain R2=1.6 MQ
Tn = Passband Notch Gain R3= 1.6 M2
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LM158, LM258, LM358, LM2904

APPLICATIONS INFORMATION (continued)

FIGURE 12 — FUNCTION GENERATOR

1 Triangle Wave R2
Vret = 3 Vce Output @ ANA—
Vref O Square
o Wave
Output
O —o
I
X
C
R1+R
- C it R3-=

" aCR{R1

FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER

Y|
Al
[g]

R1
Vin &—AN—e——1 Co
Vo

Co

cp-10C

1
Vret * 5 Vce

Vret

fo = Center Frequency

Given
A(ty) = Gain at Center Frequency

Choose Value fg, C

Then
Q
R3 = ——uw
mfs C
1= R3
2 Alfg)
R1R3

R2=—5 -T2
4Q2R1 - R3
For less than 10% error from operational amplifier

Qo fo
W <01 Where fo, and BW are expressed in Hz.
If source impedance varies, filter may be preceded with voltage

follower buffer to stabilize filter parameters.
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LM193 LM193A

MOTOROLA
m SEMICONDUCTOR maass—m— tmggg tmggg:

TECHNICAL DATA
LM2903

SINGLE SUPPLY, LOW POWER, LOW OFFSET VOLTAGE DUAL COMPARATORS
DUAL COMPARATORS

SILICON MONOLITHIC
The LM193 series are dual independent precision voltage INTEGRATED CIRCUIT

comparators capable of single-or split-supply operation. These
devices are designed to permit a common made range-to-ground
level with single-supply operation. Input offset-voltage

specifications as low as 2.0 mV make this device an excellent

selection for many applications in consumer automotive, and

industrial electronics. MET:LSL,:??AGE
® Wide Single-Supply Range — 2.0 Vdc to 36 Vdc CASE 601

® Split-Supply Range — +1.0 Vdc to +18 Vdc
® Very Low Current Drain Independent of Supply Voltage — 0.4 mA 74 /4 Output 8
® Low Input Bias Current — 25 nA

® Low Input Offset Current — 5.0 nA

® Low Input Offset Voltage — 2.0 mV (max) LM193A/293A/393A
— 5.0 mV (max) LM193/293/393

® Input Common Mode Range to Ground Level
@ Differential Input Voltage Range Equal to Power Supply Voltage

Inputs B

® Output Voitage Compatible with DTL, ECL, TTL, MOS and CMO$ Ton view
Logic Levels
N SUFFIX
PLASTIC PACKAGE
FIGURE 1 — CIRCUIT SCHEMATIC 8 CASE 626
(Diag h is for 1 p ) 1
D SUFFIX
Vee +Input -input Output PLASTIC PACKAGE Q
CASE 751 8
I T (SO-8) ¥
R2
2.1k
R4
Q3 v
2k -
(Top View)
F1
ORDERING INFORMATION
Temperature
Device Range Package
LM193AH H —55t0 +125°C Metal Can
ai LM293AH,H Metal Can
—25to +85°C
Q2 LM293D S0-8
4 6'1( 3 LM393AH,H Metal Can
LM393D 0to +70°C SO-8
LM393AN,N Plastic DIP
LM2903D S50-8
—40to +105°C -
LM2903N Plastic DIP
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LM193,A, LM293,A, LM393,A, LM2903

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Volitage Vee +36 or £18 Vdc
Input Differential Voltage Range VIDR 36 Vdc
Input Common Mode Voltage Range VicR -0.3 to +36 Vdc
Input Current (2) lin 50 mA
{Vin < —0.3 Vdc)
Output Short Circuit-to-Ground Isc Continuous mA
Output Sink Current (1) Isink 20
Power Dissipation @ Ta = 25°C
Plastic DIP Pp 570 mwW
Derate above 25°C 1/Rgua 57 mW/°C
Metai Can Pp 830 mwW
Derate above 25°C 1/RgyA 6.64 mW/°C
Operating Ambient Temperature Range Ta °C
LM193, 193A ~55to +126
LM293, 293A —-25to +85
LM393, 393A 0to +70
LM2903 —40to +105
Maximum Operating Junction Temperature TJ(max) °C
LM393, 393A, 2903 125
LM193, 193A, 293, 293A 150
Storage Temperature Range Tg_g -65 to +150 °C
- ELECTRICAL CHARACTERISTICS (Vcc =50 Vdc; *Tiow < TAS Thigh unless otherwise stated.)
LM193A LM293A, LM393A
Characteristic Symbol | Min Typ Max Min Typ Max Unit
Input Offset Voltage (3) vVio mvV
Ta = 25°C — +1.0 +2.0 — +1.0 +20
Tiow < TA < Thigh — — 40 - — 40
Input Offset Current o nA
Ta=25°C — +3.0 +25 - +50 +50
Tiow < TA < Thigh — — +100 — — +150
tnput Bias Current (4) i nA
Ta=25°C — 25 100 — 25 250
TiowsS TAS Thigb —_ — 300 — — 400
Input Common Mode Voltage Range (5} VICR Volts
Ta=25°C 0 — Vee-16 0 — Vee-1.5
Tiow < TA < Thigh 0 — Vee -2.0 0 — Vee -20
Voltage Gain AvoL 50 200 — 50 200 — v/mv
RL > 15 kQ), Vg = 15 Vde, TA = 25°C
Large Signal Response Time — — 300 — — 300 — ns
Vin = TTL Logic Swing, Vref = 1.4 Vdc
VRL = 5.0 Vdc, R|_= 5.1 kQ1, Tp = 25°C
Response Time (5) TLH — 1.3 — — 1.3 — us
VRL = 5.0 Vdc, R_=5.1 kQ, Tp = 25°C
Input Differential Voltage (7) Vip — — Vee — — Vee \
All Vj, = Gnd or V- Supply (if used)
Qutput Sink Current lgink 6.0 16 — 6.0 16 _ mA
Vin- = 1.0 Vdc, Vjn+ =0 Vde, Vo < 1.5 Vdc
Ta = 25°C
Output Saturation Voltage VoL mV
Vin- = 1.0 Vdc, Vin+ = 0, lsink < 4.0 mA, Tp = 25°C — | 150 400 150 400
Tiow < TAS Thigh - - 700 — - 700
Output Leakage Current oL uA
Vin_= 0V, Vin+ 2 1.0 Vdc, Vg = 5.0 Vdc, Tp = 25°C — | o1 — — | 01 —
Vin_= OV, Vins 2 1.0 Vdc, Vg = 30 Vde, — — 1.0 — — 10
Tiow S TA< Thigh
Supply Current Icc mA
R(_ = o Both Comparators, Tp = 26°C — 04 1.0 - 04 10
R = o Both Comparators, Vcc = 30 V — 1.0 25 — 1.0 25

*LM193/193A — Tiow
LM293/293A — Tiow
LM393/393A — Tiow

LM2903 — Tiow

~58°C, Thigh = +125°C
~25°C, Thigh = +85°C
0°C, Thigh = +70°C

—40°C, Thigh = +105°C

o
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LM193,A, LM293,A, LM393,A, LM2903

ELECTRICAL CHARACTERISTICS

(Vee=50Vde; *Tiow< TA < Thigh unless otherwise stated.)

iM193

LM2903

Characteristic Symbol [ Min | Typ

Max

LM293, LM393

Min | Typ Max Min | Typ Unit

Input Offset Voltage (3)
Ta = 25°C
Tiow < TA < Thigh

Vio

5.0
9.0

mvV
+50
9.0

120
9.0

Input Offset Current
Ta = 25°C
Tiow < TA < Thigh

ho

+

+25

100

nA
+50
*150

+5.0
150

+50
+200

Input Bias Current (4)
Ta = 25°C
Tlow < TA < Thigh

B
25 1

00

300

nA
250
400

25
200

250
500

Input Common Mode Voltage
Range (4)
Ta = 25°C
Tows<TA< Thigh

VIcR

Vee-1.8
Vee -2.0

Volts

Vee-1.5
Vee -2.0

Vee-1.5
Vee -2.0

[eXe}

Voltage Gain 50 200
RL> 15k, Voe = 15 Vdc,

Ta = 25°C

AvoL

50 | 200 25 200 V/mv

Large Signa! Response Time 300

Vin = TTL Logic Swing,
Vrief = 1.4 Vdc

VRL = 5.0 Vdc, R_= 5.1 k1,
TA=25°C

300 300 ns

Response Time (6)
VRL = 5.0 Vde, R_= 5.1 k(},
Ta = 25°C

TLH

us

Tnput Differential Voltage (7)
All Vjn = Gnd or V- Supply
{if used)

Vip

Vee

Vee Vee

Output Sink Current 6.0
Vin- 2 1.0 Vdc, Vijn: = 0 Vdc,

VO < 1.5 Vde T = 25°C

Isink

6.0 6.0 mA

Output Saturation Voltage
Vin- > 1.0 Vdc, Vjn+ = 0,
lsink < 4.0 mA, Tp = 25°C
Tiow < TA < Thigh

VoL

400

700

mV
150 400

200 700

Output Leakage Current
Vin-=0V, Viq+ = 1.0 Vdc,
Vo =5.0Vdc, Tp = 25°C
Vin-=0V, Viq+ = 1.0 Vdc,
Vo =30 Vdc,
Tlow < TA< Th»gh

loL

1000

nA

0.1 01

1000

Supply Current
R| =% Both Comparators,
Ta = 25°C
R|_ =< Both Comparators,
Vee=30V

lcc
0.4

1.0

25

mA

0.4 1.0 0.4 1.0

25 25

*LM193/193A — Tjoy = -55°C, Thigh = +125°C
LM293/293A — Tjgy, = ~25°C, Thigh = +85°C
LM393/393A — Tjow = 0°C, Thigh = +70°C

NOTES:

(1) The max. output current may be as high as 20 mA, independent of
the magnitude of V¢, output short circuits to Vg can cause ex-
cessive heating and eventual destruction.

(2) This magnitude of input current will only occur if the input leads are
driven more negative than ground or the negative supply voltage.
This is due to the input PNP collector base junction becoming for-
ward biased, acting as an input clamp diode. There is also a lateral
PNP parasitic transistor action on the IC chip. This phenomena can
cause the output voltage of the comparators to go to the Vg voltage
level (or ground if overdrive is large) during the time the input is
driven negative. This will not destroy the device and normal output
states will recover when the inputs become > —0.3 V of ground or
negative supply.

(3) At output switch point, Vg = 1.4 Vde, Rg = 0 Q with Vcc from 5.0
Vde to 30 Vdc, and over the full input common-mode range (0 volts
to Vge = —1.5 volts)

(4) Due to the PNP transistor inputs, bias current will flow out of the
inputs, this current is ially inds dent of the output
state, therefore, no loading changes will exist on the input lines.

(5) Input common mode of either input should not be permitted to go
more than 0.3 V negative of ground or minus supply. The upper limit
of common mode range is Voo ~ 1.6 V.

(6) Response time is specified with a 100 mv step and 5.0 mV of ov-
erdrive. With larger magnitudes of overdrive faster response times
are obtainable.

(7) The comparator will exhibit proper output state if one of the inputs
become greater than V¢, the other input must remain within the
common mode range. The low input state must not be less than
—0.3 volts of ground of minus supply.
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LM193,A, LM293,A, LM393,A, LM2903

TYPICAL PERFORMANCE CHARACTERISTICS

LM193,A/293,A/393,A LM2903
FIGURE 2 — INPUT BIAS CURRENT versus FIGURE 5 — INPUT BIAS CURRENT versus
POWER SUPPLY VOLTAGE POWER SUPPLY VOLTAGE
80 80 I T
70 70 Tp = -40°C
= T
260 S 60 | |
= Ta = -55°C z |
g 50 g 50 Tp=09C
=2 - n° o —_— 1
o 40 Ta -0 2 40 Tp = +25°C —
s Tp = +25° [ R S =
= 30 Ta = <70°G 5 30 1 t
= — = 1p = +85°C [
= —t—1 = —
2 ¥ s 2 0=
10 10
0 0
0 50 10 15 20 25 30 3% 40 50 10 15 20 25 30 3% 40
Vg, SUPPLY VOLTAGE (Vdc) Vg, SUPPLY VOLTAGE (Vdc)
FIGURE 3 — OUTPUT SATURATION VOLTAGE FIGURE 6 — OUTPUT SATURATION VOLTAGE
versus OUTPUT SINK CURRENT versus OUTPUT SINK CURRENT
10 T / / l 10 T
Out of Out of
Saturation / I — 1 SaturationK
g 10 } £ 0
3 Ta = +125°C d/ 3 /1
= N = Ta = +85°C
E 0.1 S o1 } 2
- z Ta = +25°C
g Tp = +25°C 2 |A | /
I3 i 3 = <
< 0.01 - 560 = 001
3 Tp = -55°C &
E / E <
T = -40°C
0.001 0.001 : !
0.01 0.1 1.0 10 100 0.01 0.1 1.0 10 100
Isink- OUTPUT SINK CURRENT {mA) Isink. OUTPUT SINK CURRENT (mA)
FIGURE 4 — POWER SUPPLY CURRENT versus FIGURE 7 — POWER SUPPLY CURRENT versus
POWER SUPPLY VOLTAGE POWER SUPPLY VOLTAGE
10 T 13 /J/I
Tp = -65°C 12 Tp = -40°C
08 = Tp=0°C c
~ U — - a -Tp = 0°
z | L 75 = r250C | <(E o 1 Lot Tp )
= o ] = L— | Ta=+25°
& U T 4
g PRSI B =R ]
> — = | ]
g 04 ETp = +1259C ] T [————F Tp = +85°C |
é _____,__.--———" A é 08 /__,_———
0.2 RL=x R =0
-
0 0.2
50 10 15 20 25 30 35 40 0 5.0 10 15 20 25 30 35 40
Vg, SUPPLY VOLTAGE (Vdc) Vee. SUPPLY VOLTAGE (Vde)
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LM193,A, LM293,A, LM393,A, LM2903

APPLICATIONS INFORMATION

These dual comparators feature high gain, wide bandwidth It is good design practice to ground all unused pins.
characteristics. This gives the device oscillation tendencies if Differential input voltages may be larger than supply voitage
the outputs are capacitively coupled to the inputs via stray without damaging the comparator’s inputs. Voltages more
capacitance. This oscillation manifests itself during output negative than —0.3 V should not be used.
transitions (VoL to VoH). To alleviate this situation input re-
sistors < 10 kQ should be used. The addition of positive feed-
back (< 10 mV) is also recommended.

FIGURE 8 — ZERO CROSSING DETECTOR
(Single Supply)
+15 Vv
O

FIGURE 9 ~ ZERO CROSSING DETECTOR
(Split Supplies)

ViNmin =0.4 V peak for 1% phase distortion (2@).

*Vee

10k

\7
Vin °
LM193 Vee r
|
|

— Vo
D1 prevents input from going negative by more than 0.6 V. -Vee |
— [w—re)
R1+ R2= R3 Ve |

R3 < ?‘(5) for small error in zero crossing

FIGURE 10 — FREE-RUNNING SQUARE-WAVE OSCILLATOR FIGURE 11 — TIME DELAY GENERATOR

1MQ vee vee vee
AAA '

~ 0.001uF
LM193

vee
+
51k
j% 51k

H_\l °
)
5

AAA
_ VW

51k vee

“ON" fort =tp + At
vo where: v
at=RC fn(_Vref_,
Vee

—_—t——

FIGURE 12 — COMPARATOR WITH HYSTERESIS

vce
RS < AL
LM193
N
Vref
R1 R2
RS = R1|/R2
(VCC - Vref) R1
YT = Vet R+ AL
(Vref - V0 Low) R1
= Vyef — ol ~ 0OV 7
Vihe = Vref -~ TR
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MOTOROLA

® SEMICONDUCTOR

TECHNICAL DATA

INTERNALLY COMPENSATED
MONOLITHIC OPERATIONAL AMPLIFIER

A general purpose operational amplifier series wel! suited for
applications requiring lower input currents than are available with
the popular MC1741. These improved input characteristics permit
greater accuracy in sample and hold circuits and long interval
integrators.

o Internally Compensated

o Low Offset Voltage: 7.5 mV max

o Low Input Offset Current: 50 nA max
o Low Input Bias Current: 250 nA max

LM307

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

TYPICAL APPLICATION
HIGH IMPEDANCE BRIDGE AMPLIFIER

N SUFFIX
PLASTIC PACKAGE
CASE 626

PIN CONNECTIONS

Ne [7] 8] NC

2] Vee
Inputs l
3] [6] Output
p
VEg 4] 5] NC

(Top View)

ORDERING INFORMATION

R1 R4
R2 R3
CIRCUIT SCHEMATIC
7
vee
— 2 —
Inputs 3
+ _—
% g
o Output
=30 pF
50

\
7

pall

bR

250 : 4

Ve

Temperature
Device Range Package
LM307N 0°C to +70°C Plastic DIP
EQUIVALENT CIRCUIT

Pins 1,5, and 8
no connection.
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LM307

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

Rating Symbol LM307 Unit
Power Supply Volitages Vee +18 Vde
VEE -18
Differential Input Signal Voltage Vip +30 Volts
Common-Mode Input Swing (Note 1) VICR +15 Volts
Output Short-Circuit Duration ts Indefinite
Power Dissipation (Package Limitation) (Note 2) Pp 500 mw
Operating Temperature Range Ta Oto +70 °C
Storage Temperature Range Tstg ~-65 to + 150 °C
ELECTRICAL CHARACTERISTICS (T5 = +25°C unless otherwise noted, see Note 3)
LM307
Characteristics Symbol | Min | Typ | Max Unit
Input Offset Voltage Vio mV
Rg <50 kQ, Tp = + 25°C - 20 75
Rg <50k}, T = Tiow to Thigh — — 10
Input Offset Current lio nA
Ta = +25°C — 3.0 50
Ta = Tiow to Thigh — — 70
Input Bias Current lig nA
TA = +25°C — 70 250
Ta = Tiow o Thigh — | = | 300
Input Resistance fi 0.5 2.0 — MQ
Supply Current D — 1.8 3.0 mA
Vg = #15V,Tp = +25°C
Large-Signal Voltage Gain Ay VimV
Vg = £15V,Vg = =10V, R > 2.0kQ, Tp = +25°C 25 | 160 | —
Vg = =15V,Vg = 10V, R = 2.0k, TA = Tiow 15 — —
Average Temperature Coefficient of Input Offset Voltage TCVio — 6.0 30 uvrC
Tiow S TA < Thigh
Average Temperature Coefficient of Input Offset Current TCho nA/’C
+25°C < Tp < Thigh — | 00t | 03
Tiow =< TA < +25°C — 0.02 0.6
Output Voltage Swing (Tp = Tjgw to Thigh! Vo \
Vg = =15V, RL = 10 kQ} *12 +14 —_
RL = 2.0 kQ +10 [ +13 —
Input Voltage Range (T = Tjow to Thigh) VICR +12 — — v
Vg = =15V
Common-Mode Rejection Ratio (Tp = Tjg to Thigh! CMRR 70 920 — dB
Rg =< 50 kq
Supply-Voltage Rejection Ratio (Tp = Tiow to Thigh! PSRR 70 96 — dB
Rg =< 50 kQ
Symbols conform to JEDEC Engineering Bulletin No. 1 when applicable.
NOTES:
1. For supply voltages less than =+ 15 V, the absolute maximum input The H package is derated based on a thermal resistance of + 150°C/
voltage is equal to the supply voitage. W, junction to ambient, or +45°C/W, junction to case.
2. Foroperating at elevated temperatures, the device must be derated 3. Unless otherwise noted, these specifications apply for:
based on a maximum junction temperature of 100°C for the LM307. *+5.0V = VCC/VEE = =15V, Tiow = 0°C, Thigh = +70°C
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LM307

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

FIGURE 1 — MINIMUM INPUT VOLTAGE RANGE FIGURE 2 — MINIMUM OUTPUT VOLTAGE SWING
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FIGURE 3 — MINIMUM VOLTAGE GAIN FIGURE 4 — TYPICAL SUPPLY CURRENTS
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LM307

TYPICAL CHARACTERISTICS (continued)

FIGURE 7 — VOLTAGE FOLLOWER PULSE RESPONSE

3

+80
g +60
Q —— -, ——
= +40 A\ r
g input |
§+20 \\ : /
w Output
g o A
=
8 -20 N\
[ =4 \
g —40
%-s,o N\
)

-0y

0 10 20 k] 50 60 70

40
1, TIME (s)

MOTOROLA LINEAR/INTERFACE DEVICES

2-90




MOTOROLA

B SEMICONDUCTOR mum

TECHNICAL DATA

LM833

DUAL OPERATIONAL
AMPLIFIER
DUAL, LOW NOISE, AUDIO
OPERATIONAL AMPLIFIER SILICON MONOLITHIC
INTEGRATED CIRCUIT
The LM833 is a standard low-cost monolithic dual general-
purpose operational amplifier employing Bipolar technology with
innovative high-performance concepts for audio systems appli-
cations. With high frequency PNP transistors, the LM833 offers
fow voltage noise (4.5 nV/\/Hz), 16 MHz gain bandwidth product,
7.0 Vius slew rate, 0.3 mV input offset voltage with 2.0 uV/°C
temperature coefficient of input offset voltage. The LM833 output
stage exhibits no deadband crossover - distortion, large output
voltage swing, excellent phase and gain margins, low open-loop 8
high frequency output impedance and symmetrical source/sink 1
ac frequency response. N SUFFIX
The LM833 is specified over the vehicular temperature range PLASTIC PACKAGE
and is available in the plastic DIP and SO-8 packages (P and D CASE 626
suffixes). For an improved performance dual/quad version, see
the MC33079 family.
® Low Voltage Noise: 4.5 nV/VHz %
e High Gain Bandwidth Product: 15 MHz 8 1
@ High Slew Rate: 7.0 V/us
oL t . 0. D SUFFIX
ow input Offset Voltage: 0.3 mV PLASTIC PACKAGE
® Low T.C. of Input Offset Voltage: 2.0 uV/°C CASE 751
® Low Distortion: 0.002% (50-8)
® Excellent Frequency Stability
L] | Supply O ti
Dual Suppty Operation PIN ASSIGNMENTS
S

Output 1 E E vee
[2: j Qutput 2

Inputs 1 {
& &)
}Inputs 2
MAXIMUM RATI
Ui TINGS VEE E 5
Rating Symbol Value Unit
Supply Voltage (V¢ to VEg) Vg +36 Voits Dual, Top View
Input Differential Voltage Range VipR 30(1) Voits
Input Voltage Range VIR +15(1) Volts
Output Short-Circuit Duration{2) 1 ts indefinite | Seconds
Operating Ambient Temperature Range TA ~40to +85 °C ORDERING INFORMATION
Operating Junction Temperature Ty +150 °C Device Temperature Range Package
Storage Temperature Tst —60to +150 °C LM833N Plastic DIP
- — S0 —40to +85°C
Maximum Power Dissipation{2) Pp 500(3) mwW LM833D S0-8
NOTES:
1. Either or both input voltages must not exceed the magnitude of V¢g or VEE
2. Power dissipation must be considered to ensure i j ion temperature (T)) is not

exceeded (See power dissipation performance characteristic).
3. Maximum value at Tp < 85°C.
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LM833

DC ELECTRICAL CHARACTERISTICS (Ve = +15V, VEE = ~15V, TA = 25°C unless otherwise noted).

Characteristics Symbo} Min Typ Max Unit
Input Offset Voltage (Rg = 100, Vg = 0 V) Vio — 0.3 5.0 mV
Average Temperature Coefficient of Input Offset Voltage AVio/AT — 20 — uvre
R =100,Vg =0V, Ta = Tiow to Thigh
Input Offset Current (Vepg = 0V, Vg = 0 V) ho — 10 200 nA
Input Bias Current (Vopm = 0V, Vg = 0 V) B — 300 1000 nA
Common Mode input Voltage Range VicrR — +14 +12 v
~12 -14 —

Large Signal Voitage Gain (Rl = 2.0 kQ, Vg = =10 V) AyoL 90 110 — dB
Qutput Voltage Swing: R = 2.0k, Vip = 1.0V Vo+ 10 13.7 - v

RL = 20kQ, Vip = 1.0V Vo - — ~14.1 -10 v

RL = 10kQ, Vip = 1.0V Vo+ 12 13.9 — v

Rl = 10k, Vip = 1.0V Vo - — ~147 | -12 v
Common Mode Rejection (Vi = +12 V) CMR 80 100 — dB
Power Supply Rejection (Vg = 1610 5.0 V, ~ 15 to —5.0 V) PSR 80 115 — d8
Power Supply Current (Vg = 0 V, Both Amplifiers) Ip — 4.0 8.0 mA
AC ELECTRICAL CHARACTERISTICS (Vgg = +15V, VEg = —15V, Tp = 25°C unless otherwise noted).

Characteristics Symboi ‘Min Typ Max Unit

Slew Rate (Vjy = ~10Vto +10V, Ry = 2.0kQ, Ay = +1.0) SR 5.0 7.0 — Vius
Gain Bandwidth Product (f = 100 kHz) GBW 10 15 — MHz
Unity Gain Frequency (Open Loap) fu — 2.0 — MHz
Unity Gain Phase Margin {Open Loop) Bm — 60 — Deg
Equivalent input Noise Voltage (Rg = 100 Q, f = 1.0 kHz) en — 45 — nV/vVHz
Equivalent Input Noise Current (f = 1.0 kHz) in — 0.5 — pANHz
Power Bandwidth (Vg = 27 Vp-p: RL = 2.0 kQ, THD < 1.0%) BWP — 120 — kHz
Distortion (Rl = 2.0 k@, f = 20 Hz to 20 kHz, Vg = 3.0 Vems: Ay = +1.0) THD — 0.002 — %
Channel Separation (f = 20 Hz to 20 kHz) — — -120 — dB

Pp, MAXIMUM POWER DISSIPATION (mW)

FIGURE 1 — MAXIMUM POWER DISSIPATION

FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE

1
Ta AMBIENT TEMPERATURE {°C}

Ta, AMBIENT TEMPERATURE (°C)

versus TEMPERATURE
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LM833

FIGURE 3 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE
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FIGURE 5 — DC VOLTAGE GAIN versus TEMPERATURE

10 1 I
Veg = +15V

@ Vgg = —15V
@
=105 RL= 20k
=
<C
<o
w
@ S S
= 100 o
o
S /
Q
o
—
2 % d
E /

9%

73 —2% 0 25 50 75 0w 15

Ta, AMBIENT TEMPERATURE (°C)

FIGURE 7 — OPEN-LOOP VOLTAGE GAIN AND PHASE
versus FREQUENCY

120

S 0

- N

B 10 N

= ~ 7]

% \\ \ s 5
80 P N 2

w ~

<] ~ =}

= i u

< 60 PHASE %0z

a

5 Voo = +15V \ @

R Vge = — 18V N &

g RL = 20kQ ~ =

S Ta = 55°C %<

<R GAIN

>

<

180

)

0 10 100

1.0K 10K
f, FREQUENCY (Hz}

100K 1M 10M

5, SUPPLY CURRENT {mA}

FIGURE 4 — SUPPLY CURRENT versus SUPPLY VOLTAGE

10 ee l
T
Rl ===
80 Th = 25°C
6.0 Yo
40 L
Vee

20

0

0 50 10 15 20

Vee, IVEE, SUPPLY VOLTAGE (VOLTS)

FIGURE 6 — DC VOLTAGE GAIN versus SUPPLY VOLTAGE

AvoL DC VOLTAGE GAIN (dB}

GBW, GAIN BANDWIDTH PRODUCT (MHz)

110
RL = 200
Tp = 5°C
100 ===
90
80
5.0 10 15 20
Ve, [VEgl, SUPPLY VOLTAGE (VOLTS)
FIGURE 8 — GAIN BANDWIDTH PRODUCT
versus TEMPERATURE
20
\\
15
\\~
10 =
Vee = +15V
Vegg = —15V
50 EE
f = 100 kHz
0
—55 =25 0 50 7% 100 125

Ta. AMBIENT TEMPERATURE {°C)

MOTOROLA LINEAR/INTERFACE DEVICES

2-93




LM833

FIGURE 9 — GAIN BANDWIDTH PRODUCT versus

SUPPLY VOLTAGE FIGURE 10 — SLEW RATE versus TEMPERATURE
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LM833

FIGURE 21 — INVERTING AMPLIFIER FIGURE 22 — NON-INVERTING AMPLIFIER SLEW RATE

Vo, OUTPUT VOLTAGE (5.0 V/DIV)
Vo, OUTPUT VOLTAGE (5.0 V/DIV)

JL

t, TIME (2.0 us/DIV t, TIME (2.0 s DIV)

FIGURE 23 — NON-INVERTING AMPLIFIER OVERSHOOT

Vo, OUTPUT VOLTAGE (10 mV/DIV)

1, TIME {200 ns DIV)
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LM2900, LM3900 For Specifications, See MC3301 Data.
LM2901 For Specifications, See LM139 Data.

LM2902 For Specifications, See LM124 Data.

I-M2903 For Specifications, See LM193

LM2904 For Specifications, See LM158

MC1414
MC1514

DUAL DIFFERENTIAL VOLTAGE COMPARATOR

... designed for use in level detection, low-level sensing, and
memory applications.
e Two Separate Outputs
e Strobe Capability
e High Output Sink Current
2.8 mA Minimum (Each Comparator) for MC1514
1.6 mA Minimum (Each Comparator) for MC1414
o Differential Input Characteristics
Input Offset Voltage = 1.0 mV for MC1514
= 1.5 mV for MC1414
3.0 uV/°C for MC1514
5.0 uV/°C for MC1414
® Short Propagation Delay Time — 40 ns Typical
e Output Compatible with All Saturating Logic Forms
Vo = +3.2Vto -0.6V Typical

Offset Voltage Drift

]

MAXIMUM RATINGS (TA = 25°C uniess otherwise noted.)

DUAL
DIFFERENTIAL
COMPARATOR

(DUAL MC1710)

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 632

P SUFFIX

Rating Symbol Value Unit
Power Supply Voltages vee +14 Vdc
VEE -7.0
Differential Mode Input Voltage Range VIDR +5.0 Vde
Common Mode Input Voltage Range VICR +7.0 Vdc
Peak Load Current L 10 mA
Power Dissipation (Package Limitation) Pp
Ceramic Dual In-Line Package 1000 mw
Derate above Tp = 25°C 6.0 mW/°C
Plastic Dual In-Line Package 625 mw
Derate above Tp = 25°C 5.0 mw/°C
Operating Temperature MC1514 Ta -55t0 +125 °C
MC1414 0to +75
Storage Temperature Range Tstg —65to +150 °C
CIRCUIT SCHEMATIC
Vee Strobe Strobe
3 2 9 109 Vee
Rx
37k 28k 1 28k 37k
am San
11 kdl ALL‘I k
7405 3740
:: K é
e | 2V "
13 KoV 62vE 6
12 5
Non]rpvue'mns '\| 1.0k |\ 10k Non.l:‘;:{ung
r ) 4
200 100 100 200
7 1" 1 8 14,
Vge Gnd Outputs Veg
Rx = Low Resistance Vaiue, usually < 100 02, not specified.

PLASTIC PACKAGE
CASE 646
(MC1414 Only)

D SUFFIX
PLASTIC PACKAGE @
CASE 751A R
(S0-14) woe
(MC1414 Only)

PIN CONNECTIONS

Output [j 14 vee
Strobe g E llrrn/:i,;lmg
v Non-Invertin
ccl3 E Input 9
e[ [71) Gnd
Non-Inverting
SH> [10) vee
:%i:tmg 3 J>— :sﬂ Strobe
VEE E E Output
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MC1414, MC1514

ELECTRICAL CHARACTERISTICS (Vece = +12Vdc, VEg = -6.0 Vdc, TA = 25°C unless otherwise noted.) (Each Comparator)

MC1514 MC1414
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio mVdc
(Vo = 1.4 Vdc, Tp = 25°C) - 1.0 2.0 —_ 1.5 5.0
(Vo = 1.8 Vdc, Ta = Tiow*) — — 3.0 — - 6.5
Vo = 1.0 Vde, Tp = Thign*) — — 3.0 — — 6.5
Temperature Coefficient of Input Offset Voltage AV)o/AT — 3.0 — — 5.0 — nvrc
Input Offset Current o nAdc
(Vo = 1.4 Vdc, Tp = 25°C) — 1.0 3.0 — 1.0 5.0
(Vg = 1.8Vdc, Ta = Tiow) — — 7.0 — — 7.5
(Vo = 1.0 Vdc, Ta = Thigh) — - 3.0 -~ — 7.5
Input Bias Current B nAdc
(Vo = 1.4 Vdc, Tp = 25°C) — 12 20 — 15 25
(Vo = 1.8Vdc, TA = Tiow! - — 45 — 18 40
(Vo = 1.0 Vdc, TA = Thigh) — — 20 — - 40
Open Loop Voltage Gain Avol v
(TA = 25°C) 1250 1700 — 1000 1500 —_
(TA = Tiow 10 Thigh! 1000 — — 800 — —
Output Resistance Ro 200 — — 200 —_ Ohms
Differential Voltage Range VIDR +5.0 - — +5.0 —_ — Vde
High Level Output Voltage VOoH 25 3.2 4.0 5 3.2 4.0 Vdc
(Vip = 5.0 mV, 0 < Ig < 5.0 mA)
Low Level Output Voltage VoL Vdc
(Vip = 5.0 mV, lgg = 2.8 mA) -1.0 -05 0 — — —
(Vip = -5.0 mV, igg = 1.6 mA) — — — -1.0 —-05 0
Output Sink Current los 2.8 34 — 16 25 —_ mAdc
(Vip= -5.0mV, Vg <04V,
TA = Tiow 10 Thigh)
Input Common Mode Voltage Range VICR +5.0 — — +5.0 — — Vde
(VEg = —7.0 Vdc)
Common-Mode Rejection Ratio CMRR 80 100 — 70 100 — dB
(VEE = —7.0 Vdc, Rg < 200 Q)
Strobe Low Level Current i — — 25 — — 25 mA
Vi, = 0)
Strobe High Level Current IH — — 1.0 — — 1.0 HA
(VIH = 5.0 Vdc)
Strobe Disable Voltage ViL — — 0.4 — — 0.4 Vdc
(VoL < 0.4 Vdc)
Strobe Enable Voltage ViH 3.5 - 6.0 35 — 6.0 Vde
(VOH = 2.4 Vdc)
Propagation Delay Time (Figure 1) tPLH - 20 — - 20 — ns
tPHL - 40 - - 40 -
Strobe Response Time (Figure 2) tso - 15 - - 15 - ns
tgr — 6.0 — — 6.0 —
Total Power Supply Current, Both Comparators Icc — 128 18 - 128 18 mAdc
(Vo <0) IEE — 1 14 — 1 14
Total Power Consumption, Both Comparators Pp —_ 230 300 - 230 300 mwW
*Tiow = —55°C for MC1514, 0°C for MC1414
Thigh = +125°C for MC1514, +75°C for MC1414
FIGURE 1 — PROPAGATION DELAY TIME FIGURE 2 — STROBE RESPONSE TIME
ein Strobe
€out \
<10 ns 10 ns 51 30V
=y 95 mv 100 mV = 3
1T b Input  10% - iStrobe 50%
- - - ov >20 mv Y tor ov
Vp = 95mV - V|g 51 SO
VoH = o v —— VoH
utput ~
Output 14V VoL p! ov VoL
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MC1414, MC1514

TYPICAL CHARACTERISTICS
(Each Comparator)

FIGURE 3 — VOLTAGE TRANSFER CHARACTERISTICS FIGURE 4 — INPUT OFFSET VOLTAGE versus TEMPERATURE
40, T 30
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MC1414, MC1514

FIGURE 9 — RESPONSE TIME FIGURE 10 — POWER DISSIPATION versus TEMPERATURE
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MOTOROLA

m SEMICONDUCTOR

TECHNICAL DATA

HIGH VOLTAGE, INTERNALLY COMPENSATED
OPERATIONAL AMPLIFIER

.. . designed for use as a summing amplifier, integrator, or amplifier
with operating characteristics as a function of the external feedback
components.

® Maximum Supply Voltage - + 40 Vdc (MC1536)

® Output Voltage Swing —
*30 Vpk(min) (Vcc = +36 V, VEE = -36 V) (MC1536)
+22 Vpk(min) (Vcc = 28 V, VEg = -28 V)

Input Bias Current — 20 nA max (MC1536)

Input Offset Current — 3.0 nA max (MC1536)

Fast Slew Rate — 2.0 V/us typ

Internally Compensated

Offset Voltage Nuli Capability

Input Over-Voltage Protection

Ayot — 500,000 typ

Characteristics Independent of Power Supply Voltages —
(£5.0 Vdc to £ 36 Vdc)

o © 0 060 0 0 0

MC1436
MC1436C
MC1536

OPERATIONAL AMPLIFIER

SILICON MONOLITHIG
INTEGRATED CIRCUIT

FIGURE 1 — DIFFERENTIAL AMPLIFIER WITH +20 V
COMMON MODE INPUT VOLTAGE RANGE

28V

MC1536
ML1436, C

——o
Vo= 10(Vg-Val

FIGURE 2 — TYPICAL NONINVERTING X10
VOLTAGE AMPLIFIER

TQ+EV
V=44V,

G SUFFIX
METAL PACKAGE
CASE 601

Offset
Null

Inv.
Input e
Output
Non-tnv. e
input e o

Offset
Nuli

Vee

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

U SUFFIX
CERAMIC PACKAGE
CASE 693

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

MC1536 e vﬂ”
MC1436.C il
RLZbk ORDERING INFORMATION
3% Device Temperature Range Package
. MC1436CD,D S0-8
MC1436P1,CP1 o " Plastic DIP
i 4 MC1436CG,G 0°C o +70°C Metal Can
= = MC1436CU,U Ceramic DIP
MC1536G o o Metal Can
MC1536U 55°Cto +125°C | (oramic DIP
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MC1436, MC1436C, MC1536

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

Rating Symbol MC1536 MC1436 MC1436C Unit

Power Supply Voltage Vece +40 +34 +30 Vdc

VEg -40 -34 -30

Input Differential Voltage Range VipR Note 3 Volts

Input Common-Mode Voltage Range VicR Note 3 Volts

Output Short Circuit Duration (Ve = VEE = 28 Vde, Vg = 0) ts 5.0 s

Power Dissipation (Package Limitation) Pp 680 mwW
Derate above T4 = +25°C 46 mw/°C

Operating Ambient Temperature Range Ta -5510 +125 T 01t +70 oc

Storage Temperature Range Tstg -65 to +150 oc

ELECTRICAL CHARACTERISTICS (V(¢( = +28 Vdc, VEE = -28 Vdc, TA = +259C unless otherwise noted)

MC1536 MC1436 MC1436C
Characteristics Symbol Min Typ Max Min Typ | Max Min Typ Max Unit

Input Bias Current 1T} nAdc
Ta = +25°C - 8.0 20 - 15 A0 - 25 90
TA = Tiow t© Thigh (See Note 1) - - 35 — — 56 — - -

Input Offset Current ho nAdc
Ta = +28°C - 1.0 3.0 - 50 10 - 10 25
Ta=+25°C 10 Thigh - - 45 - - 14 - - -

TA = Tiow to +25°C ) - - 7.0 . - 14 - — -

Input Offset Voltage Vio mVdc
Ta = +25°C 2.0 5.0 - 5.0 10 - 5.0 12
TA = Tiow 10 Thigh - 7.0 - - 14 - - -

Differential Input Impedance {Open-Loop, f <5.0 Hz)

Parallel Input Resistance i3 10 - 10 - - 10 - Meg ohms
Parallel Input Capacitance Cp - 20 20 - - 2.0 - pF

Common-Mode Input impedance | 5.0 Hz) Zic 250 - 250 250 ~ Meg ohms

Input Common-Maode Voltage Range Vicr +24 +25 +22 26 - +18 +20 Vpk

Equivalent Input Noise Voltage en nV/{H2)%
{Ay =100, Rg = 10 k ohms, f = 1.0 kHz, BW = 1.0 Hz) - 50 - 50 - 50 -

Common-Mode Rejection Ratio (dc} CMRR 80 110 - 70 110 - 50 90 dB

Large Signal dc Open Loop Voltage Gain AyoL viv

10V.R 100 k ohms] Ta= +25°C 100,000 { 500,000 - 70.000 | 500,000 50,000[ 500,000
_— =
Vo =10V, R O Ta = Tiow 10 Thigh 50000} - - Fs0,000 .
Vo =110V, R = 10k ohms, Tp = +25°C) 200,000§ 200,000/ 200,000

Fower Bandwidth {Voltage Follower) Bwp kHz
Ay =1, R = 5.0k ohms, THD'S 5%, V,, = 40 Vp-p) - 23 - 23 —~ 23

Unity Gain Crossover Frequency (open-loop) fe 1.0 - 1.0 - 1.0 NH2z

Phase Margin (open-loop, unity gain} om - 50 50 50 degrees

Gain Margin Am 18 18 18 a8

Slew Rate (Unity Gain) SR 20 - - 20 20 V ous

Output Impedance (f < 5.0 Hz) E2Y 1.0 1.0 - 1.0 k ohms

Short-Circuit Output Current los 17 17 ‘19 mAdc

Output Voltage Range (R = 5.0 k ohms) Vor VoK
Vee = +28 Vde, VEE = <28 Vdc +22 +23 E +20 | +22 - 120 122
Vee = +36 Vdc, Vgg = -36 Vdc +30 +32 - - - -

Power Supply Sensitivity (dc) ) uviv
VEgE = constant, Rg < 10 k ohms PSS+ 15 100 - 35 | 200 50
Ve = constant, Rg < 10 k ohms PSS~ 15 100 35 200 50

Power Supply Current (See Note 2} cc 2.2 4.0 26 5.0 26 50 mAdc

Iee - 22 | 40 26 | 50 26 |50

DC Quiescent Power Consumption Pc mw
Vo -0 124 | 224 146 | 280 146 | 280

Note 1 Tiow: 0°C for MC1436,C Note 2. Ve - Veg - 5.0 Vdc to 36 Vdc for MC1536

-55°C for MC1536 Vee - VEE = 5.0 Vdc to 30 Vdc tor MC1436°
Thigh  +70°C for MC1436,C VGe - VEE © 5.0 Vde to 28 Vdc for MC1436C

+125°C for MC1536
Note 3: Either or both input voltages must not exceed the magnitude of Ve or VEg +3.0 volts.,
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1ps, OUTPUT SHORT-CIRCUIT CURRENT (mAdc)

MC1436, MC1436C, MC1536

FIGURE 3 — LOW-DRIFT SAMPLE AND HOLD

r +28V

SWITCH

104F
Polycarbonate

"Dt due to bias current
SAMPLE s typically 8 mV s

COMMAND = -28V

FIGURE 5 — PEAK OUTPUT VOLTAGE SWING versus

POWER SUPPLY VOLTAGE
2 35
£
@ 30— Ta=25C pa
- /
o
2 % A
g )
z 2 RL=5kQ
4 v
<] /]
g 4
€ 1w 4
5
£ 50 A
30 J
>

0 110 +20 +30 +40
VCCVeE, POWER SUPPLY VOLTAGE (Vdc)

FIGURE 7 — OUTPUT SHORT-CIRCUIT CURRENT

versus TEMPERATURE
32
28
-
b2}
!
2 ~ SOURCE
16
Tt
12 —
8.0
40
0
-5 50 -25 0 +25 +50 +75 +100  +12!

TA. AMBIENT TEMPERATURE (°C)

Vg, OUTPUT VOLTAGE (Vp.p)

AVOL, VOLTAGE GAIN (dB)

11, INPUT BIAS CURRENT (NORMALIZED)

FIGURE 4 — POWER BANDWIDTH
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N\ )
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FIGURE 6 — OPEN-LOOP FREQUENCY RESPONSE
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FIGURE 8 — INPUT BIAS CURRENT versus TEMPERATURE
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MC1436, MC1436C, MC1536

FIGURE 9 — INVERTING FEEDBACK MODEL

20
-—
o
RS
IF Ag {w)=oo IF R3<< 21
Vo 2
v, T o =2

FIGURE 11 — AUDIO AMPLIFIER

100 k
Vee = 30 Ve
CURRENT DRAIN,
1D = 100 mAdc @
RI-61Q
D1, D2, D3=1N4001
—=——~— COMMON
HEAT SINK
S13R1 ¥ O
7 % V) aNa7ss =
' OR EQUIV
RL
S :
Vo =48 Vg
N30 Po = 72W(ms) @ R =42
Py =36 Wims) @ R =8 02
To1uf

47

FIGURE 13 — REPRESENTATIVE CIRCUIT SCHEMATIC

FIGURE 10 — NON-INVERTING FEEDBACK MODEL

22
=)
2 T, 7
t b{
& xS O Z £ —
3
L ~ Aglwl EXT Vo \
Z) = = RL l °
"3
{3z -
hi
Ao () Z
Vin ":1:“1“;1 2 VERY HIGH
217y
20
Ag fw) Moy, 22 Auv{:,!)'l.m
29 =0
Ag (wheo

FIGURE 12 — VOLTAGE CONTROLLED CURRENT
SOURCE OR TRANSCONDUCTANCE AMPLIFIER
WITH 0 TO 40 V COMPLIANCE

R2
100 k

_ RIRTC (R3 + R4)
RI1(RTC + R3) _R2 R4

FIGURE 14 — EQUIVALENT CIRCUIT

10VeC
é:i %1.5&{: %:kizu 28k
y
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>
2 o—
B 15k
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3 47k QOUTPUT ¥, e
¢ Q ’
35k 30—
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OFFSET
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MOTOROLA MC1437
R
. %'Eﬁ'ﬂfc:ﬂ'gﬂk’cm" MC1537

MATCHED DUAL OPERATIONAL AMPLIFIE|
RS DUAL MC1709

. designed for use as summing amplifiers, integrators, or amplifiers OPERATIONAL AMPLIFIERS
with operating characteristics as a function of the external feedback
componer'\ts. !de_al forA chopper stabilized app.lications where ex- SILICON MONOLITHIC
tremely high gain is required with excellent stability. INTEGRATED CIRCUIT

Typical Amplifier Features:

® High-Performance Open Loop Gain Characteristics —
AyOoL = 45,000 typical

® Low Temperature Drift — +3 uV/°C

® Large Output Voltage Swing —
+ 14 V typical @ + 15 V Supply

MAXIMUM RATINGS (T = +25°C)

Rating Symbol Value Unit
Power Supply Voltage Vece +18 Vdc
Vee -18 Vde P SUFFIX
Differential Input Voltage Range VIDR 150 Volts PLASTIC PACKAGE
Common-Mode Input Voltage Range ViCcR tVee Volts CASE 646
Output Short Circuit Duration 15 5.0 s {(MC1437P Only)
Power Dissipation (Package Limitation) fp
Ceramic Package 750 mw
Derate above T 5 = +26°C 6.0 mw/°C
Plastic Package MC1437P 625 mw PIN CONNECTIONS
Derate above Tp = +25°C 5.0 mw/°C
. . o Output Lag A| 1 EI Vece
Operating Ambient Temperature Range Ta c
MC1537 -55 to +125 Output [ 2 73) Outeut
MC1437 0to +70 — Lag
Storage Temperature Range Tstg -65 to +150 °oc input Lag A B E Output B
Input Lag A E E Input Lag B
FIGURE 1 — CIRCUIT SCHEMATIC Inv. Input E— A E input Lag B
Non inv B T, | t
Vee o 14 11 Input Lag 1 taput E :9] nv- ey
v [z & Non Inv.
k 10k 10k J 20 k EE tnput
25 k 10 & I '}1 0K Output 1
I ©
Input Lag <.> 30 K 12
Non~lnvort|ng —0 13
Input 1 Qutput 1
Inverting Input Lag
3.0k ¥3.0k a il
24x ¥ 36k 10k 75 7 1
©
L SUFFIX
24k 3 6 k 10k 75 \Y
=5 EE CERAMIC PACKAGE
. 18",__’ 3.0k 230k CASE 632
Inverting Input
Non-Inverting 2 6 Output 2
Input 2 —O Lag
input Lw 30 k| 1
$ L
25k 10 k %1 0K Output 2 ORDERING INFORMATION
Device Temperature Range Package
k
( 10k f10k 20 MC1437L , , Ceramic DIP
MC1437P 0°C0 +70°C | Toastic DIP
Vec 014 3 Input Lag 2 asti
MC1537L —55°C to +125°C | Ceramic DIP
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MC1437, MC1537

ELECTRICAL CHARACTERISTICS - Each Amplifier (Ve = +15 Vdc, Vgg = -15 Vde, Ta = +25°C unless otherwise noted.)

MC1537 MC1437
Characteristic Symbol Min Typ Max Min Typ Max Unit
Open Loop Voltage Gain AvoL -
(R_=6.0kS2, Vg=110V, 25,000 45,000 70,000 15,000 | 45,000 -
TA = Tiow @ to Thigh @)
Output Impedance Zo - 3Q - - 30 - Q2
(f = 20 Hz)
Input Impedance z; 150 400 - 50 150 - k$2
(f = 20 Hz)
Output Voltage Range VOR Vpeak
(R = 10 ki2) +12 +14 - +12 +14 -
(RL = 2.0ks2) +10 +13 - - - -
Input Common-Mode Voltage Range VICR +8.0 +10 - +8.0 +10 - Vpeak
Common-Mode Rejection Ratio CMRR 70 100 - 65 100 - dB
input Bias Current g uA
hf1*1g) (Ta=+259C) - 02 05 - 0.4 15
8= 2 ”A“Tlow@’ - 05 1.5 - - 2.0
Input Offset Current o uA
(g =11 -12) - 0.05 02 - 0.05 0.5
ho =11-12.TA = Tiow D) - - 05 - - 0.75
g =11 -12.Ta = Thigh D) - - 02 - - 075
Input Offset Voltage Vio mvV
(Ta = +25°C) - 1.0 5.0 - 1.0 75
(Ta = Tiow D to Thigh @) - - 6.0 - - 10
Step Response
Gain = 100, 5% overshoot, ) tTLH - 0.8 - - 0.8 - us
Rq =1k, Ry = 100ks2, PLHPPHL - 0.38 - - 0.38 et us
R3 - 16 ks2, Cq = 100pF, Cg = 3.0 pF) SR - 12 - - 12 - Vius
‘Gain =10, 10% overshoot, I TLH - 0.6 - - 0.6 - us
Ry =1k§2, Ry = 10ks2, WPLHPHL - 0.34 - - 0.34 - us
R3=15 k{2, Cq =500 pF, Cy = 20 pF SR - 17 - - 17 - Vigs
‘Gain =1, 5% overshoot, I tTLH - 22 - - 22 - us
Ry =10ks2 Ry = 10k(2, PLHPHL - 13 - - 1.3 - us
R3=15ks2, Cq = 5000 pF, c2:200pF$ SR - 0.25 - - 0.25 - Vius
Average Temperature Coefficient of aV)g/eT uVv/°c
Input Offset Voltage
(R =502, Ta = Tiow D to Thgh @) - 15 — - 15 -
(Rg 210k, Ta = Tigw D10 Thigh @) - 3.0 - - 3.0 -
Average Temperature Coefficient of alp/aT nA/°C
Input Offset Voltage
(Ta = Tiow D to +25°C) - 07 - - 0.7 -
(Ta = +25°C 10 Thigh D - 07 - - 07 -
OC Power Consumption (Total) Pc - 160 225 - 160 225 mw
(Power Supply = +£15 V, Vg = 0)
Positive Suppty Sensitivity PSS+ - 10 150 - 10 200 uVIiv
(VEE constant)
Negative Supply Sensitivity PSS- - 10 150 - 10 200 uVIV
(V constant)
@ 70w - 0°C for MC1437 @ Thigh = +70°C for MC1437
= -55°C for MC1537 = +125°C for MC1637
MATCHING CHARACTERISTICS *
Open Loop Voltage Gain AvoL1-AvOoL2 = +1.0 — -~ +1.0 — dB8
Input Bias Current H181-1B2 - +0.15 — - +0.15 - uA
Input Offset Current ho1-ho2 - 10.02 - - +0.02 - uA
ici 2ot 2ho2 - 10.2 - - +0.2 - nA/°C
Average Temperature Coefficient I~ |- 1=
Input Offset Voltage Vi01-Vi02 - $0.2 - - +0.2 - mV
Average Temperature Coefficient ﬁ%o_‘, B ﬁXA!ro_zq - 105 _ _ +05 _ wv/ec
Channel Separation €01
(f = 10 kHz) %02 - 90 - - 90 - d8
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MC1437, MC1537

TYPICAL OUTPUT CHARACTERISTICS

FIGURE 3 — TEST CIRCUIT
= 250
Ve =+15 Vde, Vgg = 15 Vdc, Ty =25°C

oUTPUT
FIGURE | CURVE [VOLTAGE TEST CONDITIONS NOISE
NO. | NO. | GAIN | Ry | Rath | R3lid | CylpF) | CateF) | (mVGma)
4 1 1 0k | ok | 15k | S0k | 200 | 010
2 10 0k | 100k | 15k | 500 0 | ot
3 wo | 1ok | oM | 1sk | 100 | 30 07
4 000 | 10k | 1om 0 10 30 52
5 1 1 0k | 10k | 15k | 50k | 200 | 010
2 10 W0k | 100k | 15k | 500 n | on
3 w0 | 1ok | 10M | 15k | o0 | 30 07
a 000 | 1ok | 1owm 0 10 10 52
Re 6 1 AvoL 0 « 1.5k 50k 200 55
2 | Aol | 0 @ 15k | 00 2 105
3 AvoL 0 ® 15Kk 100 30 21.0
= A Al o ® 0 10 10 | 390
5 AyoL 0 @ ® 0 30 -
FIGURE 4 — LARGE SIGNAL SWING
versus FREQUENCY FIGURE 5 — VOLTAGE GAIN versus FREQUENCY
+14
a2 d 1 .50 1T TEE]
< T l CURVE 4 W
£ 0
= CURVE 1 2 384
w480 il _+50
Z +6.0 pass =
E 0 \ 2440
w N H N
g 20 ~ ] s N
g zg A - g0
- —~ & -
z ~40 S +20 .
= 8
- >
3 -80 / y < i
=-80 +10 ]
£ -1
-12 Fbl 0 .
i 4 50 | IREN |
10 100 10k 10k 100k 10M AT 100 10k 10k 100k 10M
f, FREQUENCY i(Hz) f, FREQUENCY (Hz)
FIGURE 6 — OPEN LOOP VOLTAGE GAIN FIGURE 7 — TOTAL POWER CONSUMPTION
versus FREQUENCY versus POWER SUPPLY VOLTAGE
100 —
I T 500
ao N N N 300
= CURVE 1 3§ 4|8 5[ YN 2 00 V= OVOLT D
= § z
=
3 N, WL ,\\ ™ 3 L]
w N (I £ 0 -
z
E \\ N \\ § —
=] N N =1 Vi
> 4 S 50
B q ﬁ*- & <
g NN N e CAUTION: ADDITIONAL POWER
< ¢ N e DISSIPATION RESULTING FROM
S DRIVING LOW IMPEDANCE LOADS ___|
% / MUST BE ABDED TO THE ABOVE
N CURVE
0 N 10 [ R S B
10 100 1.0k 20k 5.0k10% 100 k 10M 40 60 80 10 12 14 16 18
f, FREQUENCY (Hz) Ve and VEE. POWER SUPPLY (Vo)
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MC1437, MC1537

TYPICAL CHARACTERISTICS (continued)

AygL. OPEN LOOP VOLTAGE GAIN (dB)

FIGURE 8 — VOLTAGE GAIN versus FIGURE 9 — COMMON INPUT SWING
POWER SUPPLY VOLTAGE versus POWER SUPPLY VOLTAGE
100 E 18
5
250C s
Ta= =
A 2N /
90 g L
w 12 / )
P o
] =10 7
80 - S
[~
2 Vica+
" / - sl
4 e
/
B e Rl -
>
60 g o0
0 5.0 10 15 20 0 50 10 15 20
Ve and VEE, POWER SUPPLY VOLTAGE (VOLTS) V(e and VEE, POWER SUPPLY VOLTAGE (VOLTS)
FIGURE 10 — INPUT OFFSET VOLTAGE FIGURE 11 — OUTPUT NOISE VOLTAGE
versus TEMPERATURE versus SOURCE RESISTANCE
100
Cy=10pF C=30pF R3=0
s [OPENLOGPE t =
I = £
\\ Slope can be either polarity o i ] !
i 8 T | §
~ =0 Ay =1000 C1=10pF Cy=30pF R3=0
2 So=si— =2
T 2 = i
1=}
Ay =100 Cy=100pF Cy=3.0pF R3=15k ] fl
~ . v ! 2= 300F Rg
™~ g =
& 4 = }
R < Ay =10 Cy=510pF Cp=20pF R3=15k T3
S — j S FAy=10 Cy=00054F Cp- 200 pF Ry= 1.5k ——
>
— 4 44
L { 0.1 g T 3 TN N 1]
-60 -40 -20 0 +20  +40  +60 +B0  +100 +120 +140 100 1.0k 10k 100 k
Ta. AMBIENT TEMPERATURE (0C) Rg, SOURCE RESISTANCE {OHMS)

FIGURE 12 — INDUCED OUTPUT SIGNAL
(CHANNEL SEPARATION) versus FREQUENCY

Vo(de) =0V

202, INDUCED OUTPUT SIGNAL (sV/V)

- ~— Induced output signal (uV of induced output signal in

100

1.0k 10k 100 k amplitier #2 per-volt of output signal at amplifier #1).
f, FREQUENCY (Hz) )

MOTOROLA LINEAR/INTERFACE DEVICES

2-108



MOTOROLA MC1439
[
o SHMIcENoyCTOR C1539

UNCOMPENSATED OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER

SILICON MONOLITHIC

... designed for use as a summing amplifier, integrator, or am- INTEGRATED CIRCUIT

plifier with operating characteristics as a function of the external
feedback components.

o Low Input Offset Voltage — 3.0 mV max
® Low Input Offset Current — 60 nA max
Large Power-Bandwidth — 20 Vp-p Output Swing at 20 kHz min

® Qutput Short-Circuit Protection

® Input Over-Voitage Protection

® Class AB Output for Excellent Linearity G SUFFIX

® High Siew Rate — 34 V/us typ METAL PACKAGE
CASE 601

FIGURE 1 —~ HIGH SLEW-RATE INVERTER

100 &

»—oeo
SR = 35/vus Ve
(Top View)
+15 V -15 Vv
Vee Vee
FIGURE 2 — OUTPUT NULLING CIRCUIT P1 SUFFIX
PLASTIC PACKAGE
CASE 626
8 (MC1439 Only)
1
Compensation [ 1] [8] compensation

Vee [4] [5] output Lag

Inv. Input El} Vee
= Non-inv. Input [3] 16] output
10k <Rg < 100(R3) (V) ‘

FIGURE 3 — OUTPUT LIMITING CIRCUIT (Top View)

Re

~0.7 V

+V> - 21V
[_.'F‘L:z

€o

ORDERING INFORMATION

Device Temperature Range Package

MC1439G " o Metal Can
MC1439P1 0°Cto +70°C Plastic DIP
MC1539G —55°C to +125°C Metal Can
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MC1439, MC1539

ELECTRICAL CHARACTERISTICS (vcc = +15 Vde, VEg = -15 Vde, Tp = +26°C unless otherwise noted.)

MC1539 MC1439
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Bias Current lig nA
(Ta = +28°C) - 0.20 0.50 - 0.20 1.0
(Ta :Tlow(D) - 0.23 0.70 - 0.23 1.5
input Offset Current hol nA
(Ta = Tiow!) - - 75 - - 150
(Ta = +25°C) - 20 60 - 20 100
(Ta = Thigh D) - - 75 - - 150
Input Otfset Voltage Viol my
(Ta = +25°C) - 1.0 3.0 - 2.0 7.5
(TA = Tiow: Thigh) - - 4.0 - - -
Average Temperature Coefficient of Input | TCVIO | uv/ec
Offset Voltage (T = Tiow 10 Thigh!
(Rg = 50 ) - 30 - - 3.0 -
(Rg <10 k$2) - 5.0 - - 5.0 -
Input Impedance Zin 150 300 - 100 300 - ks
(f = 20 Hz}
tnput Common-Mode Voltage Range VicR AR 12 - 11 +12 - Vpk
Equivalent input Noise Volitage en - 30 - — 30 - nV/{Hz)%
(Rg = 10 k§2, Noise Bandwidth = 1.0 Hz,
f=1.0kHz2)
Common-Mode Rejection Ratio CMRR 80 110 - 80 110 dB
{f =1.0kH2)
Open-Loop Voltage Gain (Vo=+10V,R_=| AyQL
10k§2, Rg=2) (Tp = +25°C t0 Tpgnl 50,000 | 120,000f - 15,000 | 100,000{ - -
(Ta = Tiow 25,000 | 100,000f - 15,000 | 100,000 -
Power Bandwidth {A, = 1, THD < 5%, PBW kHz
Vg = 20 Vp-p)
(R =2.0kQ) - - 10 50
(R = 1.0k, Rg=10k) 20 50 - -
Step Response
Gain = 1000, no overshoot, TTHL 130 - 130 ns
R1=10k§2, R2=1.0M52, R3=1.0k{2, thd - 190 190 ns
R4 =30ks2, R5=10ks2, Ct = 1000 pF SR - 6.0 - 6.0 Vius
Gain = 1000, 15% overshoot, l tTTHL 80 - 80 ns
R1=1.0k§2, R2=1.0M, R3=1.0k$2, tpd - 100 - 100 - ns
[ R4=0,R5=10k$2,C1=10pF ’ SR - 14 - 14 V/us
Gain = 100, no overshoot, ITTHL - 60 60 ns
R1=1.0k§2, R2=100ks2, R3=1.0k%2, tpd - 100 - - 100 ns
R4 =10k&, R5=10k$2, C1 = 2200 pF SR - 34 34 - Vius
Gain = 10, 15% overshoot, THL - 120 - 120 ns
R1=1.0ks$2, R2=10k{2, R3=1.0k(2, tpd - 80 - - 80 ns
R4=1.0k$2, R5=10k{2, C1=2200pF SR - 6.25 - - 6.25 Vs
Gain = 1, 15% overshoot, ) THL - 160 - 160 ns
R1=10ks$2, R2=10k$2, R3=56.0k{2, tpd - 80 - - 80 - ns
R4 =390, R5=10k, C1=2200pF SR — 4.2 - - 4.2 - V/us
Output Impedance 20 - 4.0 - 4.0 (3]
(f = 20 Hz)
Output Voltage Swing Vo Vpk
(R =2.0k$, f=1.0kHz) - - - +10 +13 -
(R =10k, f=1.0kHz) +10 +13 - - -
Positive Supply Rejection Ratio PSRR+ - 50 150 - 50 200 uVv/v
(VEE constant, Rg = %9
Negative Supply Rejection Ratio PSRR- - 50 150 — 50 200 uV/v
(Ve constant, Rg = o0)
Power Suppty Current
(Vg =0) tce - 3.0 50 - 3.0 6.7 mAdc
leg - 3.0 5.0 - 3.0 6.7

® Tiow - 0°C tor MC1439
-~ 55°C for MC1539

Thigh = +70°C for MC1439
+125°C for MC1539
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MC1439, MC1539

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

Rating Symbol Value Unit
Power Supply Voltage Vee +18 Vdc
VEE +18
Differential Input Voltage Range VIDR HVee + [VEED Vdc
Common-Mode Input Voltage Range ViCcR +Vee-IVEEl Vde
Load Current IR 15 mA
Output Short-Circuit Duration tg Continuous
Power Dissipation {Package Limitation) Pp
Metal Package 680 mw
Derate above T 5 = +25°C 46 mw/°C
Plastic Dual In-Line Packages MC1439 625 mW
Derate above Tp = +25°C 5.0 mwW/°C
Operating Temperature Range MC1539 TaA -55 to +125 oS¢
MC1439 Oto +70
Storage Temperature Range Tstg °c
Metal Packages -65 to +150
Plastic Packages -55 to +125
FIGURE 4 — EQUIVALENT CIRCUIT SCHEMATIC FIGURE 5 — EQUIVALENT CIRCUIT
o
e s s %s 3k '
DIC ' I veed w9
o
umc LAG L ™~
INVERTING INPUT INVERTING
o;‘l v I Tk 1k 4 0 © =
K l|-< Zin 0
¥ | w 500 26k Pt 0 QUTPUT Ro
W w0 + = d
NON wvemw:: INPUT 4 o= NON
’ INVERTING
h 4 '
OUTPUT LAG N |
vee %:j K “\%H&k VEEO o Ut
© o

FIGURE 6 — TEST CIRCUIT

R2
VWA~

TYPICAL OUTPUT CHARACTERISTICS
(Veg = +15 Vde, Vgg = -15 Vdc, Ta = +25°C

FiGuRe | curve |voLtace TEST CONDITIONS (FIGURE 6)
NO. NO. GAIN _|Ry(a) [Rp(n) |R3ta) |Ren) |Rg () [CylpF)
Avol o oo 0 o0 o o
2 J 10« 10 50k 390 10k 2200
a 10 1.0% 10k 10k | 10k 10k 2200
7.10.12 4 100 1ok | 100Kk [ 10k 10 10k 2200
5 1000 10k [ 1om | 10k | 30K 10k 1000
3 1000 10k | 1om | 1ok o 10k 10
8 1 Avol o o o o o o
2 290 2200 RL
3 10k 2200
. 10k 2200
5 30k 1000
6 o 10
LE] ALL 1 10k 10k 5.0k 390 10% | 2200 =
e ALL 10 10k 10k 10k_| 1.0k 10k 2200
15 ALl 100 10k | 100k | 10k 10k 10 2200
16 ALL 1000 1ok [10m | 1ok | 3ok 10k 2200
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MC1439, MC1539

TYPICAL CHARACTERISTICS (continued)
(Vee = +15 Vdc, VEE = -16 Vdc, T = +25°C, unless otherwise noted.)

FIGURE 7 — LARGE-SIGNAL SWING versus FREQUENCY FIGURE 8 — OPEN-LOOP VOLTAGE GAIN versus FREQUENCY
2 110
2 = 100 .
0 - S 9 I
3 N N z NN N RL = 20k OHMS
18 < NS N
2 N \ o 80 4
w 16 2 5 \ u
< 5 N \ <
- 14 = NN \5
5 N S 60[—{ ARROWS INDICA AN
e n S | UNCOMPENSATED NNUINITTN
5 10 ANAN % 50— POLE LOCATION N
g §1'2 %3 V4 2 40 | [ N D
5 80 > N
S 60 & 30 5
IS RL = 1.0k GHM = N\ N
40 —H 30 ]
|
20l —|=5%THO < NI [
[} | | H 0 H !
1.0k 10K 100 k 1.0M 100 10k 10K 100k 1.0M 1om
f, FREQUENCY (Hz2) f, FREQUENCY (Hz)
FIGURE 9 — OUTPUT VOLTAGE
SWING versus LOAD RESISTANCE FIGURE 10 — OPEN-LOOP PHASE-SHIFT versus FREQUENCY
30 T T T 1T 0
+18 VOLT SUPPLIES 2 ™ HI ’
B [ 1 ! 1— ! N AN rUL”ionk OHMS
2 / +15 VOLT SUPPLIES 0T N 1 N i
> NN 4 l'_
S » Vs [NRERRRRA = 60 H y = i
] 84 +12 VOLT SUPPLIES £ e N _._
g L £ 1T N AN Il
S 15 ﬁ ' = 100 H | Nel 3 \
5 1/ % i R NSE“ N
o < 44
5 3 [ ~N ~N
3" % \lT * 0 | [ | " AN
% 4 N
s V74 fin =10k Hz 160 I, u« NN
5.0 THD <6% I‘ \
| [l bl
0 200
100 200 300 500 700 1.0k 20k 30k 50k7.0k10k 10 100 10k 10k 100 k 10M
RL. LOAD RESISTANCE (OHMS) f, FREQUENCY (Hz)
FIGURE 11 — OUTPUT VOLTAGE SWING
(to clipping) versus SUPPLY FIGURE 12 — CLOSED-LOOP GAIN versus FREQUENCY
14 60
= TTTT1T N
g J ] Ra- 30K OHME ) é Ra-o [ T]
3 T T - C1=10pF
= ] 50 |.€1 = 1000 pF
13 fin=1.0k He = [IRRRL
H L~ g L N
g RL= 10k QHM A = R4 = 10k OHMS, C1 = 2200 pF 3
- 2 .
s " N
s v T £ 1]
@ Vee =1
g — 2 o i 4
£ % 1 R4=I.OI<IOH7N‘1,‘C]=22[IUpF
: o R ekl mmtin
=3 -
S 0 e 10— 20 il ] 4\\3
e ‘DU— ’ J R = 330 OHMS, C1 = 2200 pF T LRI\
E Vo = 1.0k = 0 — —
00 I S S S S R PO T T 2
£12 +13 +14 +15 +16 x17 18 10k 10k 100 k 1.0M M
f, FREQUE
VCCVEE. POWER SUPPLY VOLTAGE (VOLTS) *AcL = Closed-Loop Gain NCY (Hz)

MOTOROLA LINEAR/INTERFACE DEVICES

2-112



MC1439, MC1539

TYPICAL CHARACTERISTICS (continued)
(Vge = +15 Vdc, Vg = -15 Vde, Ta = +26°C, unless otherwise noted.)

FIGURE 13- AcL" =1 RESPONSE versus TEMPERATURE FIGURE 14 — Ac = 10 RESPONSE versus TEMPERATURE
+20 ] T T T +40
I +35
T
+259C )
= r 1l = +30
g Tt H
; - é +25|
° g +20
S 3 N | -ssoc
= 2 +15 }
8 g [
& .50 8
] 3 +10 P +250C
o _ | Peaking can be elimi by 7 =
2 10 using heavier compensation 450 P ! in-
< at the expense of slight band- J"‘l l?uc +1250C
-15 [~ width reduction. m 0 JrETE
2 [T 50 AR
1.0k 10k 100 k 1.0M M 1.0k 10k 100 k 1.0M oM
f, FREQUENCY (kHz) t, FREQUENCY {kHz)
FIGURE 15 — Ac| = 100 RESPONSE versus TEMPERATURE FIGURE 16 — Ac = 1000 RESPONSE versus TEMPERATURE
ssI e 85 Hl, TTTTTI— T
60 p4 ) 80 0 10k 10M +
in ._.W.,E R
= 55— 6 = 15 i .J
= —® ¢ Kl s X
20— © 8012) z 10 - 2 Hi
2200 pF <
S a5l 1 10k g n . 0 k{ [ 1000 pF | ||
o = (3) 10k - =
3 o ) 550C § & L= 30k -
2 0 =)
2 3 B 2 s l l
3 3 J\Y S 50 e
=3 A a
<125 +1250C < 4
L
20 40 “ -550C
15 15 +|L25 C |
1.0 10 100 10M 1M 1.0 10 100 1.0M 10M
f, FREQUENCY (kHz} f, FREQUENCY (kHz)
FIGURE 17 — SPECTRAL NOISE DENSITY FIGURE 18 — OUTPUT NOISE versus SOURCE RESISTANCE
20 T 100 =+ :
~ T[] = R 4 } PLIL
: B e
N i z = v R
E 200 t 2 [ o1, N Ay= m
o Rg=10k = o LK
‘g T 0= R3 R Rs=R3j| 24
2 150 + = it :E = 4 S e
5 '\ 4 — v
2 =] T
= \\ b Ay =100 =
(=3 > <
= 100 a d
& N £ 0 | .
: N 5" i 5
2w = £
u "“m..
& [t =t Ay = 1
0 01 |1
10 100 1.0k 10k 100k 0.1 1.0 10 100
f, FREQUENCY (Hz) Rs, SOURCE RESISTANCE {k OHMS)

*Acy = Closed-Loop Gain
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MC1439, MC1539

TYPICAL CHARACTERISTICS (continued)
(Vee = +15 Vde, VEE = -15 Vdc, TA = +25°C, unless otherwise noted.)

FIGURE 19 — POWER DISSIPATION versus TEMPERATURE
130

T
vp=0
_ 120 +16 V SUPPLIES —
=
€
= 110
e
-
g 100
§ 90 -
g |
= 80
o
&
S
60
§0
-55 -25 0 +25 +50 +75 +100 +125
TA, AMBIENT TEMPERATURE (°C)
FIGURE 21 — POWER BANDWIDTH
(LARGE-SIGNAL SWING versus FREQUENCY)
+12
DO B A
§ +8.0 —+ 390
2 +6.0 —1 2200 pF
g T vo
% 420 T Vig RS
= | 10k r
o 0 10k
> -20 r
= 0 THD=5.0%
E -4.0 Voltage Follower Configurati Y
3 ot
S 80
-10
-12
10 100 1.0k 10k 100 k 1.0M

., FREQUENCY (Hz)

FIGURE 23 — COMMON-MODE REJECTION RATIO
versus FREQUENCY

glw
o
=
<0
z N UNITY GAIN COMPENSATION
% 0 M I
o N
-4
w
]
F 8
z N
5 \
H
g w
H
H
o 40
10 100 1.0k 10k 100k 1.0M

f, FREQUENCY (Hz)

Pp,POWER DISSIPATION (mW)

VigcR. COMMON-MODE INPUT VOLTAGE (VOLTS)

ICMRR{, COMMON-MODE REJECTION RATIO (dB)

FIGURE 20 — POWER DISSIPATION versus
POWER SUPPLY VOLTAGE

200 I
RL=1.0kQ
THO = 6%
100
70 ———— Vg0
P Rl =
,/ t
50 ]
L
30
20
SAFE OPERATING AREA (-55 to +1250C)
10
10 12 14 16 18
Ve IVeel, POWER SUPPLY VOLTAGE (VOLTS)
FIGURE 22 — COMMON-MODE INPUT VOLTAGE .
versus SUPPLY VOLTAGE
18 T
17 |—— UNITY GAIN COMPENSATION
1 | +25°C |
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S
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13
12 /

—

T~

POSITIVE INPUT LIMIT —

12 13 14
vee. IVEE!

15 16 17 18

, SUPPLY VOLTAGE (VOLTS)

FIGURE 24 - COMMON-MODE REJECTION RATIO
versus TEMPERATURE
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MC1439, MC1539

FIGURE 25 — VOLTAGE-FOLLOWER PULSE RESPONSE

+5.0
|

VOLTS

0 5.0
TIME (us)

TYPICAL APPLICATIONS

10 15

FIGURE 26 — VOLTAGE FOLLOWER FIGURE 27 - DIFFERENTIAL AMPLIFIER

—@ ¢
o]
€out = ein * Vio
2jn > 40 M OHMS
RE
1+ o 1+0 RF RE 13
zucl”om[An.]-n |m5]=sn,u4nnm e R R4
Agy
R1. R
For R3 = Rl_%RZ
*Properly Compensated 1+R2

FIGURE 29 — +15 VOLT REGULATOR

20

FIGURE 28 — SUMMING AMPLIFIER

e1

Ry
€2
R2
e3 O
R3
o &
o
LI}

Rg = Parallel Combination of R1, R2, R3, RF.

RE Rf 1
eg=- R_I e+ R_Z 22*£

*Properly Compensated

3

+30V
[ 2N492) or Equiv
+AV @ . .— . ovor
o : % 51
0.1 ufF I
3 :_[ f I .1 uF
6 =
9
4 MC14606
[‘07 <
8 4 For detailed information see Motorola
0.1 uF I o s Application Note AN-480.
= 3
10 sevs @ +Sense
—@ -Sense

Return @~

—@ Vo Return
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VNOMINAL - Vg (MILLIVOLTS)

MC1439, MC1539

TYPICAL APPLICATIONS (continued)

FIGURE 30 — LOAD REGULATION FOR FIGURE 31 — REGULATOR OUTPUT VOLTAGE
CIRCUIT OF FIGURE 29 (under pulsed load condition)
)f—‘
= o
0
\\_
05
19
-18 (t
0 50 100 150 200 250 300 M
LOAD CURRENT (MILLIAMPERES) Horizontal Scale: 200 us/Div

Vertical Scale 1 mV/Div

MOTOROLA LINEAR/INTERFACE DEVICES

2-116



MOTO

ROLA
1 SEMICONDUCTOR mE—
TECHNICAL DATA

MC1445
MC1545

GATE CONTROLLED TWO CHANNEL INPUT

GATE CONTROLLED
WIDEBAND AMPLIFIER

TWO CHANNEL INPUT
... designed for use as a general purpose gated wideband ampli- WIDEBAND AMPLIFIER
fier, video switch, sense amplifier, multiplexer, modulator, FSK

circuit, limiter, AGC circuit, or pulse amplifier. SILICON MONOLITHIC
e Large Bandwidth; 50 MHz Typical INTEGRATED CIRCUIT
® Channel-Select Time of 20 ns Typical
e Differential Inputs and Differential Output
TYPICAL APPLICATIONS
VIDEO SWITCH OR
DIFFERENTIAL AMPLIFIER WITH AGC MULTIPLEX OR FSK
Vee VeE Vee VEE
—c ! !
Signal Channel 1 14
Input "j’ Input 1
eut L eout L SUFFIX
— CERAMIC PACKAGE
Channel 2 CASE 632
Input
L Gate or = Channel Select
AGC !nput input
AMPLITUDE MODULATOR PULSE WIDTH MODULATOR
Vce VEE
PIN CONNECTIONS
RF o
Input

Output E
Gate E

[14] nC
3] Ne

Cout

Noninv. Input B [ 3 | [12] NC
inv. input 8 [ 4 o [11] ne
e Audio Input Noninv. Input A | 5 10| NC
Modulation Adjust 1
5.0k - Open Inv. Input A | 6 9| Vce
Output F 8| VEE
BALANCED MODULATOR ANALOG SWITCH (Top View)
Vee Vee Vee VEE
H
~
= Signal
—ic input ¢ o—!
Carrier eout 4 ®out
Input T
51
50V ORDERING INFORMATION
L J v
= - = = —0oV Device Temperature Range Package
Audio 5.0k
Input Bias Adjust MC1445L 0°C to +75°C Ceramic DIP
MC1545L —55°C to +125°C | Ceramic DIP
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MC1445, MC1545

MAXIMUM RATINGS (T 5 = +25°C unless otherwise noted.}

Rating Symbol Value Unit
Power Supply Voltage Vee +12 Vde
VEE -12 Vdc
Input Differential Voltage Range VIDR +5.0 Voits
Load Current e 25 mA
Power Dissipation (Package Limitation) Pp
Ceramic Dual In-Line Package 625 mw
Derate above Tp = +25°C 5.0 mW/°C
Metal Can 680 mw
Derate above Tp = +25°C 46 mW/°C
Operating Ambient Temperatyre Range MC1445 TA Qto +75 oc
MC1545 -55 10 +125
Storage Temperature Range Tstg -65 to +150 °c

ELECTRICAL CHARACTERISTICS (Voc = +5.0 Vde, VEg = —5.0 Vdc, at TA = +25°C, specifications apply to both input channels
unless otherwise noted.)

MC1545 MC1445
Characteristic Fig. No.| Symbol Min Typ Max Min Typ Max Unit
Single-Ended Voltage Gain 1.12 Ays 16 19 21 16 19.5 23 dB
Bandwidth 1,12 BW 40 50 - - 50 - MHz
Input Impedance 5,14 z; 4.0 10 — 3.0 10 - k ohms
(f =50 kHz)
Output Impedance 6,15 25 - 25 - - 25 - Ohms
(f = 50 kHz)
Output Differential Voltage Range 4,13 VODR 1.5 2.5 - 1.5 25 - Vp-p
(Ri = 1.0 k ohm, f = 50 kHz)
lnput Bias Current 16 g — 15 25 — 15 30 KAdc
Input Offset Current 16 iTe) - 2.0 - - 2.0 - uAdc
Input Offset Voltage 17 Vio . 1.0 5.0 - - 7.5 mVdc
Quiescent Output dc Level 17 Vo - 0.1 - — 0.1 - Vdc
Output dc Level Change 17 AVp - +15 - - +15 - mV
(Gate Input Voltage Change: +5.0 V to 0 V)
Common-Mode Rejection Ratio 9,18 CMRR - 85 - - 85 - dB
(f = 50 kHz)
Input Common-Mode Voltage Range 18 VICR — +2.5 — — +25 - Vp
Gate Characteristics 8 VIL(G) 0.40 0.70 - 0.2 0.4 - Vdc
Gate Input Voltage — Low Logic State (Note 1)
Gate Input Voltage — High Logic State {Note 2) VIH(G) - 1.5 2.2 - 1.3 3.0
Gate Input Current — Low Logic State 18 NL(G) - - 25 - - 4.0 mA
(ViLgy=ovil
Gate Input Current — High Logic State 18 HH(G) - - 2.0 - — 4.0 HA
(VIH(G) = +6.0 V)
Step Response 19 tPLH - 6.5 10 - 6.5 - ns
(ejn =20 mV) PHL - 6.3 10 - 6.3 -
tTLH - 6.5 15 - 6.5 -
tTHL - 7.0 15 — 7.0 —
Wideband Input Noise 10,20 en - 25 — — 25 - uVirms)
(5.0 Hz — 10 MHz, Rg = 50 ohms)
DC Power Consumption 11,20 Pc - 70 110 - 70 150 mW

Note 1. V|| (G) is the gate voltage which results in channel A gain of unity or less and channel B gain of 16 dB or greater.
Note 2. V| (G} is the gate voltage which results in channel B gain of unity or less and channel A gain of 16 dB or greater.
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Ays. SINGLE-ENDED VOLTAGE GAIN (dB) Ays, SINGLE-ENDED VOLTAGE GAIN (dB)

Rp, PARALLEL INPUT RESISTANCE (k OHMS)

MC1445, MC1545

FIGURE 1 — SINGLE-ENDED FIGURE 2 — SINGLE-ENDED
VOLTAGE GAIN versus FREQUENCY VOLTAGE GAIN versus TEMPERATURE
25 25
g
20 =
I
\ o
N Al =
15 Pt
5
o
> 15
2
10 o
=
I
&
g2 1w
=
50 4
2
<
0 5.0
601 0.1 10 10 100 1000 55 225 0 +25 +50 +15 +100  +125
f, FREQUENCY (MH2) T, TEMPERATURE (9C)
FIGURE 3 - VOLTAGE GAIN FIGURE 4 — OUTPUT VOLTAGE SWING
versus POWER SUPPLY VOLTAGES versus LOAD RESISTANCE
‘25 5.0
./ g
< 1
/\/K S a0
o
/J 2
2
20 <
s /|
220
i /
o
g /
<20
15 g
3 %
é 1.0 v
B f= 50 kHz
0 0 L]
+40 $50 60 £7.0 80 90 10 11 £12 01 02 05 10 20 50 10 2
VCC. VEE, POWER SUPPLY VOLTAGE (Vdc) RL. LOAD RESISTANCE (k OHMS)
FIGURE 5 — INPUT Cp AND Rp versus FREQUENCY FIGURE 6 — OUTPUT IMPEDANCE versus FREQUENCY
(BOTH CHANNELS)
" T 10 200 Hﬂ m
cp 180 L L ]
12 60% VO(rms) =20 mV
\ 2 2o
2 3
10 A AN 5.0 E E 140
N S Zw
8.0 N 40 E 2
N 72 5w
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\ m 40
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MC1445, MC1545

FIGURE 7 - CHANNEL SEPARATION versus FREQUENCY FIGURE 8 — GATE CHARACTERISTICS
140 T T T 1T 77 20
NN Channel Separation —~ 410 P/'
120 A vo 4H 2 /
_ N £ 20log Ay -20 log v = 0
2 100 | 3 /
g ’ g 0 . . -
5 @ \l\ =R vi _
<< >
a ™N
% N 2 L -
i
=
§ \\K g 50 50
< a0 N = Vo
T
=} ; -50 — J
\ P
20 I 0 < 0 Ve -l -
0 70 L . i
102 103 104 105 106 107 108 0 0.5 10 15 20 25
fin, INPUT FREQUENCY (Hz) VG, GATE VOLTAGE (VOLTS)
FIGURE 9 — COMMON MODE FIGURE 10 — INPUT WIDEBAND NOISE
REJECTION RATIO versus FREQUENCY versus SOURCE RESISTANCE
SRLRRULURRRIN
2 9% P A
> N - Bandwidth = 5.0 Hz 10 10 MH2 q
E 80 z % PSRV
3 N E !
z 70 =) /
2 § 2
5 N b=t 1
o 60 2 » 7
Z ™ Z ol
L c A
8 N o 1]
g 4 2
g \ 2 /“'—‘-
30 =4 1
H N 2 1
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S 2 £ 2
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3 10
0 23
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f, FREQUENCY (MHz2} RS, SOURCE RESISTANCE (QHMS)
FIGURE 12 — SINGLE-ENDED VOLTAGE GAIN AND
FIGURE 11 — CIRCUIT SCHEMATIC BANDWIDTH TEST CIRCUIT
v
850 cc +5.0 v 5.0V
1.0k3 1.0k v
[ N
A ot N £ il
Input - | 20 20 N FOOutput
+ +
B
Input
2.5k 20 20
Gate o—i¢ 16k $9.0k $9.0k $5.0k 350k
7.8 k ’ Signal S
I Generator =
ot .= 20 mV(rms) €y =15 pF and inclydasjig
= = and voltmeter capacitance.
3.8k 190{ 4.0k 500 Boonton RF Voltmeter
v or Equivalent
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MC1445, MC1545

FIGURE 13 — OUTPUT VOLTAGE SWING TEST CIRCUIT FIGURE 14 — INPUT IMPEDANCE TEST CIRCUIT

¥5.0 V -5.0V

+5.0V -5.0V

f=50kHz
Vi =50mVirms})

To ac
Voltmeter

f=50kHz
V=200 mV(rms) =

To ac
Voltmeter

FIGURE 16 — INPUT BIAS CURRENT AND INPUT

FIGURE 15 — OUTPUT IMPEDANCE TEST CIRCUIT
OFFSET CURRENT TEST CIRCUIT

+5.0 V -5.0 Vv To ac
Voltmeter

1o is the difference
in current reading

f=50kHz
Vi =50mV(rms) L when either S1 or S2
- T T T T is switched.
Open I
= +5.0 V
FIGURE 18 — GATE CURRENT (HIGH AND LOW),
FIGURE 17 — INPUT OFFSET VOLTAGE AND QUIESCENT COMMON-MODE REJECTION AND
OUTPUT LEVEL TEST CIRCUIT COMMON-MODE INPUT RANGE TEST CIRCUIT
-5.0V

Adjust R1 until V1
reads O Volts then
read Ege.

+5.0 V

S1A
5.1k (1%

R1
100 k
10 Turns

51 (1%)
f =50 kHz

V; = 1.0 V{rms)

-5.0V

CMRR = 20 log| Avs
AVC

AV@g = Change in V2 Reading =
Switch §, and readjust Ry for V4=0 +5.0 Vv 5.0V
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MC1445, MC1545

FIGURE 19 —~ PROPAGATION DELAY AND RISE AND FIGURE 20 — POWER DISSIPATION AND WIDEBAND
FALL TIMES TEST CIRCUIT INPUT NOISE TEST CIRCUIT
+5.0V -5.0V

To ""A’’ Channel +5.0 V

ot Scope -5.0 v True rms Voltmeter
with Bandwidth of
Scope — 5.0 Hz to 10 MHz

Tek tronix 567
or equiv

Pulse
Gen.

To “B’ Channel
Vi=20mV of Scope

TTLH = tTHL <5.0ns
C| =15 pF including probe and - (lce + lgg!

jig capacitance
Open

FIGURE 21 — LIMITING CHARACTERISTIC
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MOTOROLA
m SEMICONDUCTOR mum MC14546G

TECHNICAL DATA MC1554G

1-WATT

1-WATT POWER AMPLIFIERS POWER AMPLIFIER

INTEGRATED CIRCUIT
SILICON MONOLITHIC
EPITAXIAL PASSIVATED

. . . designed to amplity signals to 300-kHz with

1-Watt delivered to a direct coupled or capac-

itively coupled load.

Output
Option External
Compensstion
® Low Total Harmonic Distortion — 0.4% (Typ) @ 1 Watt Ov
i EE
® Low Output impedance — 0.2 Ohm Bias Ref.
. L External
® Excellent Gain — Temperature Stability Gain Compensation
Options (top view)
G SUFFIX
METAL PACKAGE
CASE 603C
VOLTAGE GAIN versus FREQUENCY (R = 16 OHMS)
35 TTTT T
Gain Option #1 Ay=36 VIV
0 Tt i N
- // Gain Option #2 18V ™.
o 2% s
8 5
z [T I NN
é // Gain Option #3 v ™
o 20
w n
« / N
5o -~
S
EART) Pout = 1.0 Wirms}
R( = 16 OHMS
vee =18V
50 (See Figura )
0
10 100 10k 20k 50k 10k 100k 10M
f, FREQUENCY (H2)
MAXIMUM AVAILABLE OUTPUT POWER
CIRCUIT SCHEMATIC (SINE WAVE)
Ve 8 TT
10k 21k i g T S /
5 1 1+ g
g 05 A PEAK CURRENT 1y £ /
N s /|
. g vy,
e AT S g n T v
> » A
¥ % y U
. 08 515 § 10 L
o . $ } ol 3 05 W, o ) //
2 13 w 80 n >
s .0 :: 025 W L-—‘//
i 3 60 =
> W
3 3 Y l
) ) ) o ) 10 20 50 10 20 50 00
’ Ve Ry, LOAD RESISTANCE (OHMS)
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MC1454G, MC1554G

ELECTRICAL CHARACTERISTICS (T = +259C unless otherwise noted)
Frequency compensation shown in Figures 6 and 7.

MC1554 MC1454
0
RL Gain (-55 to +126°C) (0 to +70°C)
Characteristic Figure | (Ohms) | Option® | Symbol | Min | Typ | Max Min | Typ | Max | Unit
Output Power (for eq,1<5.0% THD) 1 16 — Pout 1.0 1.1 - - 1.0 - Watt
Power Dissipation (@ Poyq = 1.0 W) 1 16 - Pp — 0.9 1.2 - 0.9 - Watt
Voltage Gain 1 16 10 Ay 8.0 10 12 - 10 - ViV
16 18 - 18 - - 18 -
16 36 - 36 - ~ 36 -
Input impedance 1 - 10 Zin 7.0 10 - 3.0 10 - kQ
Output Impedance 1 - 10 £ — 0.2 — — 0.4 - 2
Power Bandwidth 2 16 10 BW - 270 - ~ 270 - kHz
{tor eg1<5.0% THD) 16 18 - 250 - - 250 -
16 36 - 210 — - 210 -
Total Harmonic Distortion 2 THD %
(for €;,<0.05% THD, f = 20 Hz
t0 20 kHz)
Pout = 1.0 Watt (sinewave) 16 10 - 04 - -~ 0.4 -
Pout = 0.1 Watt (sinewave) 16 10 - 0.5 - - 05 -
Zero Signal Current Drain 3 0 - Ip — 1 15 ~ 11 20 [mAdc
Output Noise Voltage 3 16 10 A - 03 - - 03 - mVgems
Output Quiescent Voitage 4 16 — Vo (dc) - +10 +30 - £10 - |mvde
(Split Supply Operation)
Positive Supply Sensitivity 5 © - st - -40 - - -40 - |mviv
(VEE constant)
Negative Supply Sensitivity 5 ) - s~ - -40 - - -40 - mVv/VvV
(V¢ constant)

*To obtain the voltage gain characteristic desired, use the following pin connections: Voltage Gain

FIGURE 1

FIGURE 2

+16V

1 Va o) = Y

L ton

Pin Connection

10 Pins 2 and 4 open, Pin 5 to ac ground
18 Pins 2 and 5 open, Pin 4 to ac ground
36 Pin 2 connected to Pin 5, Pin 4 to ac ground

Characteristic Definitions
{Linear Operation)

FIGURE 3 FIGURE 4

-6V

apen Vi

FIGURE 5
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MC1454G, MC1554G

MAXIMUM RATINGS (T¢ = +25°C unless otherwise noted)

Rating Symbol Value Unit
Total Power Supply Voltage IVeel + IVEE! 18 vdc
Peak Load Current lout 0.5 Ampere
Audio Output Power Pout 1.8 Watts
Power Dissipation (package limitation)
Ta =+25°C Pp 600 mw
Derate above 25°C 1/64a 4.8 mw/°C
Tc = +25°C D 1.8 Watts
Derate above 25°C 1/0Jc 14.4 mw/°C
Operating Temperature Range MC1454 TA 010 +70 °c
MC1554 -55 10 +125
Storage Temperature Range Tsig -55 to +150 oc
TYPICAL CONNECTIONS

FIGURE 6 — SPLIT SUPPLY OPERATION VOLTAGE
GAIN (Ay) = 10, f ow =26 Hz

FIGURE 7 — SINGLE SUPPLY OPERATION VOLTAGE
GAIN (Ay) = 10, f oW~ 100 Hz

Vee 39pF

. Eout
&in

a— =

Vee 39pF

RECOMMENDED OPERATING CONDITIONS

In order to avoid local VHF instability, the following set of rules must be

adhered to:

1. An R-C stabilizing network (0.1 ;(F in series with 10 ohms) should be
placed directly from pin 9 to ground, as shown in Figures & and 7, using
short leads, to eliminate local VHF instability caused by lead inductance
to the load.

2. Excessive lead inductance from the Vg supply to pin 10 can cause high
frequency instability. To prevent this, the Vg by-pass capacitor shouid
be connected with short leads from the Vg pin to ground. If this capaci-
tor is remotely located a series R-C network (0.1 ;.F and 10 ohms) should
be used directly from pin 10 to ground as shown in Figures 6 and 7.

3. Lead lengths from the external components to pins 7, 9, and 10 of the
package should be as short as possibie to insure good VHF grounding
for these points.

Due to the large bandwidth of the amplifier, coupling must be avoided be-
tween the output and input leads. This can be assured by either (a) use of
short leads which are well isolated, (b) narrow-banding the overall amplifier
by placing a capacitor from pin 1 to ground to form a low-pass filter in com-
bination with the source impedance, or (c) use of a shielded input cable. in
applications which require upper band-edge control the input low-pass filter
is recommended.

TYPICAL CHARACTERISTICS

FIGURE 8 — TOTAL HARMONIC DISTORTION
versus LOAD RESISTANCE

FIGURE 9 — TOTAL HARMONIC DISTORTION
versus FREQUENCY

30 —r — Tt 20
= N A= = 1kHz - LL T 11
g 2'5\ " g P Ll | A,=36R =100Q L
2 N —— — 10% MAX POWER QUTPUT =
z e 90% MAX POWER OUTPUT = 15 IR
% 20 5 L L 36,16 Q2
3 N \ 18 V/V a IREAALL T
H A N | s 18,102
2 1.5\ N 5] 1.0 T T
H N H I 18,162
<
0 \'d " NS B3 R o
0
< Ry \q - [ 10,10 Q
= N~ iy = 05 -
= N ~ e 0.5
S oask tovn _— N | E 10,16 2
x -y —~ ] i —— )
(= P~ ")
0 \ l ‘ l [ " Poyt = 1 W (rms)
A
g 70 10 20 30 50 70 100 10 100 1.0k 20k 50k 10K 1001

RL. LOAD RESISTANCE (OHMS)

f, FREQUENCY (Hz}
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MC1454G, MC1554G

TYPICAL CHARACTERISTICS (continued)

FIGURE 10 — VOLTAGE GAIN versus TEMPERATURE FIGURE 11 — QUTPUT VOLTAGE CHANGE

Ay, VOLTAGE GAIN (V/V}

Ay, VOLTAGE GAIN (dB)

=
3 w0 T
] E Ry = 16 OHMS
| 8 Ve =8 Vde
A, =38 VIV z VEE -‘-ﬂ Vde
T 0 {See Figure 6)
35 w
(=}
anl <
30, s
o
25| ] —
2 1BV 2 / m
5
15| } s
0N Zz-20
10 8
4]
5.0] E]
=}
0 =-4.0
-55 -25 25 §0 75 100 125 T 55 25 0 25 50 75 100 125
>
Ta, AMBIENT TEMPERATURE (°C) Ta. AMBIENT TEMPERATURE (°C)
FIGURE 12 — VOLTAGE GAIN versus FREQUENCY (R =o0)
35
Ay =36 VIV
20 1
18V N
25F( ﬁ"
- v il
20|
e .
15
10
10; R = =
Vo=12Vpp
6.0] Veg=16V
(See Figure 7)
0 1
10 100 1.0k 20k 50k 10k 100k 1.0M

f, FREQUENCY (Hz)

FIGURE 13 - MAXIMUM DEVICE DISSIPATION

Pp. INTERNAL POWER DISSIPATION (WATTS)
=
o

RL. LOAD RESISTANCE (OHMS)

(SINE WAVE)
2.0
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MOTOROLA MC1456
= SEMICONDUCTOR mm—— MC1456C
TECHNICAL DATA MC1556
OPERATIONAL AMPLIFIER
INTERNALLY COMPENSATED, HIGH PERFORMANCE SILICON MONOLITHIC
OPERATONAL AMPLIFIER INTEGRATED CIRCUIT
... designed for use as a summing amplifier, integrator, or am-
plifier with operating characteristics as a function of the external
feedback components. G SUFFIX (Top View)
lew
® Low Input Bias Current — 15 nA max MET&\LSZAg)IiAGE N.C. P
@ Low Input Offset Current — 2.0 nA max Off
set vece
o Low Input Offset Voltage — 4.0 mV max 81 Null
o Fast Slew Rate — 2.5 V/us typ Inv. Input e’ Output
@ Large Power Bandwidth — 40 kHz typ N oft
inv. set
e Low Power Consumption — 45 mW max I?\:Ttv Null
e Offset Voltage Null Capability Vee
o Output Short-Circuit Protection
e Input Over-Voltage Protection
8 8
1 1
P1 SUFFIX U SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
TYPICAL INPUT BIAS CURRENT AND INPUT CASE 626 CASE 693
OFFSET CURRENT versus TEMPERATURE for MC1556
offset Nut [1]
‘:(; 20 I'V!CMSS T Inv. Input
h MC14S6C T ] Non-Inv.
= z \ l Input
% E \\ INPUT BIAS CURRENT VEE
; i) \\ (Top View)
§ 2 ORDERING INFORMATION
@ i Device Temperature Range Package
= INPUT OFFSET CURRENT
MC1456G,CG o " Metal Can
0 S — mciasecp1p1|  OCto +70°C Plastic DIP
55 -25 0 +25 450 475 +100 +125
TA, AMBIENT TEMPERATURE (0C) mg}gﬁ:ﬁ -55°C to +126°C c’:f;rﬂif'gl",
REPRESENTATIVE CIRCUIT SCHEMATIC
VOLTAGE-FOLLOWER PULSE RESPONSE
Ak 1k 1k
U 3 i vee
v iz =
S
INPUTS 5o ;300 56k 340 2
15k 15k =
v 2
D_<;< H 30 \_UCUTPUT §
‘ r v b
‘ I = 35 pf 5
' — v
2 us/DIVISION
| 77% 1k 39k 1k 7.7k 39k 350 vee
s OFFSET NULL o
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MC1456, MC1456C, MC1556

MAXIMUM RATINGS (T = +25°C unless otherwise noted) MC1456
Rating Symbol MC1556 MC1456C Unit
Power Supply Voltage Vee +22 +18 Vde
VEE -22 -18
Differential Input Voltage Range ViDR Ve Volts
Common-Mode Voitage Range VICR +Vee Volts
Load Current L 20 mA
Output Short Circuit Duration 15 Continuous
Power Dissipation {Package Limitation) Pp 680 mw
Derate above T 5 = +25°C 4.6 mw/°C
Operating Temperature Range TA -5510+125 | 0t +70 o
Storage Temperature Range Tsg -65 to +150 | -65 to +150 °c
ELECTRICAL CHARACTERISTICS (Vcg = +15 Vde, VEE = - 16 Vdc, Ta = +259C unless otherwise noted).
MC 1556 MC1456 MC1456C
Characteristic Fig. | Symbol Min Typ Max Min Typ |Max Min Typ Max Unit
Input Bias Current IT:} nAdc
Ta=+25°C = 8.0 15 - 15 30 - 15 90
TA = Tiow t© Thigh (See Note 1) - - 30| - - 40 - - -
Input Offset Current o pAdc
Ta = +25°C - 1.0 2.0 - 5.0 10 - 5.0 30
Ta = +25°C 10 Thigh - - 3.0 - - 14 - - -
Ta = Tiow to +25°C - - 50 | - - 14 - - -
tnput Offset Voltage Vio mVde
Ta=+26°C - 2.0 4.0 - 5.0 10 - 5.0 12
TA = Tiow t0 Thigh - - 60| — - 14 - - _
Differential Input Impedance (Open-Loop, f = 20 Hz)
Parallel Input Resistance [ - 5.0 - - 30 - -~ 30 - Megohms
Parallel Input Capacitance °p - 6.0 - - 6.0 - - 6.0 - pF
Common-Mede Input Impedance (f = 20 Hz) Z - 250 - - 250 - 250 - Megohms
Common-Mode Input Voltage Range 1 VIcR 12 13 - +11 £12 | - | £105 +12 - Vok
Equivalent Input Noise Voltage 2 en nV/(Hz)%
(Ay =100, Rg= 10k ohms, f = 1.0kHz, BW = 1.0 Hz) - 45 45 | - - a5 | -
Common-Mode Rejection Ratio (f = 100 Hz) 3 CMRR 80 110 - 70 10 - - 110 - d8
Open-Loop Voltage Gain, (Vg = £+ 10V, R) = 2.0 k ohms) | 45,6 AvoL ViV
Ta=+25°C 100,000( 200,000 - | 70,000] 100,0000 — [25,000 100,000 —
Ta = Tiow 10 Thigh 40000| - - |a0000] - - - - -
Power Bandwidth 9 BWp - 40 - - 40 - 40 - kHz
(Ay =1, R = 2.0 k ohms, THD<6%, Vg = 20 Vp-p}
Unity Gain Crossover Frequency (open-loop) 5 BW - 1.0 - - 1.0 - ~ 1.0 — MHz
Phase Margin (open-loop, unity gain} 57 - 70 - - 70 - - 70 - degrees
Gain Margin 5,7 - 18 - - 18 - - 18 — dB
Slew Rate (Unity Gain) SR - 25 - - 25 - - 25 - Vius
Output Impedance (f = 20 Hz) 20 - 1.0 20 - 1.0 |25 - 1.0 - kohms
Short-Circuit Output Current 8 los - -17,+49.4qQ - - -17,+9.04 — - -17,49.0] - mAdc
Output Voltage Swing (R(_ = 2.0 k chms) 10| vor 12 113 — |+ +12 | - | z10 112 - Vpk
Power Supply Rejection Ratio BVIV
Ve = constant, Rg < 10 k ohms PSRR+ 50 100 | - 7% |200| - 7% -
VEE = constant, Rg <10 k ohms PSRR- 50 100 - 75 200 - 75 _
Power Supply Current icc - 1.0 1.5 - 1.3 3.0 - 1.3 4.0 mAdc
(33 - 1.0 15| - 13 |30 ~ 13 | a0
DC Quiescent Power Dissipation 1" Pp - 30 45 - 40 920 -~ 40 120 mw
Vo =0

Note 1: Tyo,: 0° for MC1456 and MC1456C
-65°C for MC1556
Thigh: +70°C for MC1456 and MC1456C
+125°C for MC1556
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AL, VOLTAGE GAIN (dB)

ViCR. INPUT COMMON-MODE VOLTAGE RANGE (VOLTS)

CMRR, COMMON-MODE REJECTION RATIO (dB)

24
il

8.0

8.0

3.0

100
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40
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+140

+120

+100

+80

+60

+40

FIGURE 1 — INPUT COMMON-MODE SWING versus

MC1456, MC1456C, MC1556

TYPICAL CHARACTERISTICS
(Vce = +15 Vde, VEE = -15 Vdc, TA = +26°C unless otherwise noted).

FIGURE 2 — SPECTRAL NOISE DENSITY

POWER SUPPLY VOLTAGE
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FIGURE 3 — COMMON-MODE REJECTION FIGURE 4 — OPEN-LOOP VOLTAGE GAIN
RATIO versus FREQUENCY versus TEMPERATURE
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FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 6 — OPEN-LOOP VOLTAGE GAIN
versus SUPPLY VOLTAGES
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o

MC1456, MC1456C, MC1556

TYPICAL CHARACTERISTICS (continued)

FIGURE 7 — OPEN-LOOP PHASE SHIFT

&

4, PHASE SHIFT (DEGREES)
&

P
-135 \
-180 3
10 10 100 1.0k 10k 100k 1.0M  10M 100M
. FREQUENCY (H2)
FIGURE 9 — POWER BANDWIDTH
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FIGURE 8 — OUTPUT SHORT-CIRCUIT CURRENT

versus TEMPERATURE
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FIGURE 10 — OUTPUT VOLTAGE SWING versus
LOAD RESISTANCE
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FIGURE 11 — POWER DISSIPATION versus
POWER SUPPLY VOLTAGE
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MC1456, MC1456C, MC1556

TYPICAL APPLICATIONS
Where values are not given for external components they must be selected by the
designer to fit the requirements of the system.

FIGURE 12 — INVERTING FEEDBACK MODEL FIGURE 13 — NONINVERTING FEEDBACK MODEL

A

Ag fw) Zi
IF Ag (w)=o IF R3<< 21 Vin z; = ‘—zz—“z’/z—' 2i VERY HIGH
ID:ZOI»ZZ/Zl o 2z ‘ = 1
Ag (w) o =2 12 22, Ap (e
iz, 2
R ™) Yo .20,
9 =0 Vi
FIGURE 14 — LOW-DRIFT SAMPLE AND HOLD
Tns v
SwITCH MC1456.C t
MC1556 —e Y0
Vi o=
104F
Polycarbonate Drift due 1o bias current
SAMPLE is typically 8 mV/s
COMMAND = 15V

FIGURE 15 — HIGH IMPEDANCE BRIDGE AMPLIFIER
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AAA MC1456,C
VW MC1556 "
vo=-10V)
MC1456,C 100 k

MC1556

]
<
>

»
52
2
e
3=
a

MOTOROLA LINEAR/INTERFACE DEVICES

2-131



MC1456, MC1456C, MC1556

TYPICAL APPLICATIONS (continued)

FIGURE 16 — LOGARITHMIC AMPLIFIER FIGURE 17 — VOLTAGE OFFSET NULL CIRCUIT
ITa
Noaur
id-
I
o— 1.
2N2218
or equiv MC1456, C

MC1556

———e V(g

Vo = K1in (K2 Vi) I
VEE
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MOTOROLA MC1458

2 SEMICONDUCTOR m MC1458C
TECHNICAL DATA MC1558

(DUAL MC1741)

DUAL
(DUAL MC1741) OPERATIONAL AMPLIFIERS
INTERNALLY COMPENSATED
' SILICON MONOLITHIC
HIGH PERFORMANCE INTEGRATED CIRCUIT

DUAL OPERATIONAL AMPLIFIERS

... designed for use as a summing amplifier, integrator, or ampli-
fier with operating characteristics as a function of the external

feedback components. MET(ZLS gz'(::ll)((AGE
e No Frequency Compensation Required CASE 601

® Short Circuit Protection

® Wide Common Mode and Differential Voltage Ranges
e Low Power Consumption

® No Latch Up

MAXIMUM RATINGS (Ta = +25°C unless otherwise noted}

({Top View)
Rating Symbol MC1458 | MC1558 Unit
v P1 SUFFIX
Power Supply Voltage zcc t:g ‘jg \/32 PLASTIC PACKAGE
EE CASE 626
Input Ditferential Voltage ViD +30 Volts (MC1458, MC1458C)
Input Common Mode Voltage() Vicm 18 Volts 1
Output Short Circuit Duration(2) ts Continuous
Operating Ambient Temperature Range Ta 0to +7ol -55t0+125 o¢C U SUFFIX
Storage Temperature Range Tstg oc CERAMIC PACKAGE
Metal and Ceramic Packages -65 to +150 s CASE 693
Plastic Package -55to +125
Junction Temperature Ty oc !
Metal and Ceramic Packages 175
Plastic Package 150 D SUFFIX
NOTES: 8 N PLASTIC PACKAGE
1. For supply voltages less than =15V, the absolute maximum input voltage is equal to the 1 C?SS(E ;;’1

supply voltage.
2. Supply voltage equal to or less than 15 V.

EQUIVALENT CIRCUIT SCHEMATIC
o\/cc
y
NON INVERTING
INPUT Vo (Top View)
25
39k
INVERTING 30 pF
INPUT 15k e nuTPUT
[ T Rl ORDERING INFORMATION
% o Device Temp e Range | Pack
L™ MC1458CD,D S0-8
MC1458CG,G . " Metal Can
sor 3 w0 moiasseprpy| O F70C | piagtic DIP
0% 0k S0k MC1458CU,U Ceramic DIP
‘ vee MC1558G , .. | Metal Can
MC1558U =56°Cto +125C \coramic DIP
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MC1458, MC1458C, MC1558

ELECTRICAL CHARACTERISTICS — Note 1. (Vce = +15 V, VEE

—15V, Tp = 25°C unless otherwise noted).

MC1558 MC1458 MC1458C
Characteristic Symbol { Min | Typ | Max | Min Typ { Max |Min { Typ { Max [ Unit
Input Offset Voltage Vio - 1.0 | 6.0 - 20 | 60 | —~ 20 | 10 | mV

{(Rg < 10k)

Input Offset Current o — 20 (200 | — 20 | 200 | — 20 |300 | nA
Input Bias Current lig — 80 | 500 - 80 | 500 - 80 | 700 | nA
Input Resistance 5 03 | 20 = 03 | 20| ~ - 20 | - mMQ
{nput Capacitance Cj - 1.4 — - 14 ~ — 14 - pF
Offset Voltage Adjustment Range VIOR — |15 [ — — [ 15| — — |15 [ — mV
Common Mode Input Voltage Range VICR +12 | +13 - 12 | £13 - 11 [ +13 - \
Large Signal Voltage Gain Ay V/imvV

(Vo =+10V, R =2.0k) 50 | 200 | - 20 | 200 | -~ - - -

(Vg =+10V, R = 10 k) - — — - - -~ 20 | 200 | -

Output Resistance o — 75 — — 75 - — 75 - Q
Common Mode Rejection Ratio CMRR | 70 | 90 - 70 | 90 - 60 | 90 - dB

(Rs < 10 k)

Supply Voltage Rejection Ratio PSRR - 30 | 180 | — 30 (150 | — 30 — [uViv

(Rg < 10k)

Output Voltage Swing Vo v

(R > 10k) 12 +14 ] - |12 ~ | -

(R > 2k) 10| 13 ] — | +«10 ~ |:90 -

Output Short-Circuit Current los - 20 - - 20 - 20 - mA
Supply Currents {Both Amplifiers) Ip - 2.3 5.0 - 23 5.6 - 23 | 80 mA.
Power Consumption Pc — 70 [ 150 | — 70 | 170 | — 70 | 240 | mW

Transient Response (Unity Gain)

(Vy=20mV, R > 2k, C_ < 100 pF} Rise Time tTLH - (03] - - 03 | - - |03 | — us

(Vi =20mV, R > 2kq, C|_< 100 pF) 'Overshoot 0s i LA i e IR I I I LT I

(Vi =10V, R >2kq, C_ <100 pF) Slew Rate SR - o5 | - - (o5} - - |05 | — | Vius
ELECTRICAL CHARACTERISTICS Note 1 (Ve = +15V, VEE = —15V, TA = *Thigh to Tiow uniess otherwise noted).

MC1558 MC1458 MC1458C
Characteristic Symbol | Min | Typ | Max | Min | Typ [ Max | Min Typ | Max| Unit
Input Offset Voltage Vio - 1.0 { 6.0 - — 7.5 - - 12 [ mVv

(Rg < 10 k$2)

Input Offset Current 1o nA

(Ta = 125°C) - {7020 - = = - - -

(Ta =-55°C) - 85 | 500 | — - - - - -

(Ta =0°C to +70°C) - - — — — | 300 | — — | 400
{nput Bias Current g nA

(Ta = 125°C) - 30 | 500 | — - - - - -

(Ta =-55°C) - | 300 | 1500 — - - - — -

(Ta = 0°C 0 +70°C) =1l -1l -|~1-180} - [ - [i000
Common Mode Input Voltage Range VicR +12 [ +13 — — - — — — — \
Common Mode Rejection Ratio CMRR | 70 90 — - — — - - - dB

(Rg < 10 k)

Supply Volitage Rejection Ratio PSRR — 30 150 - - - - - — | uVv/iv

(Rg < 10 k)

Output Voltage Swing Vo Vv

(R >10k) 12 4| - 12 4] - - - -

(R > 2k) 10 13 — 10 13 — +9.0] £13 -

Large Signal Voltage Gain Ay V/imV

(Vo =£10V,R_= 2k) 25 - — 15 - - - = -

(Vo =+10V,R_=10k) - — — - - - 15 - -

Supply Currents (Both Amplifiers) n mA

(Ta = 125°C) - - | a5 ]| - - _ _ _ _

(Tp = -55°¢C) ~ - |60 - - — - = -

Power Consumption (Ta =125°C) Pc - - 135 - - - - - e )
(Ta = -55°C) ~ - | 180 | — - - ~ - -

*Thigh = 125°C for MC1558 and 70°C for MC1458, MC1458C
Tiow = -55°C for MC1558 and 0°C for MC1458, MC1458C

Note 1. Input pins of an unused amplifier must be grounded for split supply operation or biased at ieast 3.0 V above VEE for single supply operation.
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MC1458, MC1458C, MC1558

FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE FIGURE 2 — RMS NOISE versus SOURCE RESISTANCE
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FIGURE 3 — OUTPUT NOISE versus SOURCE RESISTANCE FIGURE 4 — SPECTRAL NOISE DENSITY
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FIGURE 5 — BURST NOISE TEST CIRCUIT
100 k Positive
———AAA— Threshold
V oltage
1 To Pass/Fail
Indicator
e
1k 2
9 Operational Amplifier
Under Test
- ‘Negative
Threshold
Voltage
Unlike conventional peak reading or RMS meters, this system was The test time employed is 10 seconds and the 20 uV peak
especially designed to provide the quick response time essential to limit refers to the operational amplifier input thus eliminating
burst (popcorn) noise testing. errors in the closed-loop gain factor of the operational amplifier
under test.
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MC1458, MC1458C, MC1558

TYPICAL CHARACTERISTICS
(Vce = +15 Vde, VEE = -15 Vdc, Ta = +25°9C unless otherwise noted).

FIGURE 6 —POWER BANDWIDTH
(LARGE SIGNAL SWING versus FREQUENCY)

FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE

28 120
N
- % +100
2
> —
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g 16 \ g +60
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£ 12 = +a0
> \ 2
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o 80 THD 8% e +20
4.0 u| 0
0 ‘ -20
10 100 1.0k 10k 100 k 1.0 10 100 1.0k 10k W0k 10M  10M
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 9 — NEGATIVE OUTPUT VOLTAGE SWING
versus LOAD RESISTANCE versus LOAD RESISTANCE
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R(, LOAD RESISTANCE (QHMS) Ry, LOAD RESISTANCE (OHMS)
FIGURE 10 — OUTPUT VOLTAGE SWING versus
LOAD RESISTANCE (Single Supply Operation) FIGURE 11 — SINGLE SUPPLY INVERTING AMPLIFIER
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K3 8p——+27Vv 100 uF 1k 10k
o 2 e
E 424V
H ]
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:(7 16 +18V
E 14
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MC1458, MC1458C, MC1558

FIGURE 12 — NONINVERTING PULSE RESPONSE

50 V/DIV
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FIGURE 13 — TRANSIENT RESPONSE TEST CIRCUIT
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FIGURE 14 — OPEN LOOP VOLTAGE GAIN

versus SUPPLY VOLTAGE
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MOTOROLA
m SEMICONDUCTOR s MC1458S
TECHNICAL DATA MC1558S

DUAL HIGH SLEW RATE, INTERNALLY DUAL
COMPENSATED OPERATIONAL AMPLIFIERS OPERATIONAL AMPLIFIERS
The MC1558S is functionally equivalent, pin compatible, and SILICON MONOLITHIC
possesses the same ease of use as the popular MC1558 circuit, yet INTEGRATED CIRCUIT

offers 20 times higher slew rate and power bandwidth. This device is

ideally suited for D/A converters due to its fast settling time and

high slew rate.

® High Slew Rate — 10 V/us Guaranteed Minimum (for inverting

. . G SUFFIX
unity gain only) METAL PACKAGE
® No Frequency Compensation Required CASE 601
® Short-Circuit Protection
® Offset Voltage Null Capability
® Wide Common-Mode and Differential Voltage Ranges
® Low Power Consumption
® No Latch-Up
TYPICAL APPLICATION OUTPUT CURRENT TO
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER Vee
Vee=50V (Top View)
13
14 R1 P1 SUFFIX
MSB A1 50— Vref PLASTIC PACKAGE
a2 6o s R CASE 626
b T e Y , (MC1458S Only)
A4 8 o— 14080 Rz e
AS 9 0— Series 1
A6 10 0—f Z° U SUFFIX
A711 0— P v CERAMIC PACKAGE
LSB A812 F—o——n o Py CASE 693
16 L 3 !
15 pF D SUFFIX
Vees asv *& PLASTIC PACKAGE
8 ad CASE 751
c- 1 (S0-8)

{MC1458S Only)

Settling time to within 1/2 LSB (£19.5 mV) is approxi-

mately 4.0 us from the time that ali bits are switched. Vee

*The value of C may be selected to minimize overshoot

inai ~ 68 pF). Inverting
and ringing (C pF) Input A 2 Qutput B
Noninverting 3 Inverting
Input A Input B
Theoretical Vo Noninverting
Ve A1 A2 A3 A4 A5 A6 A7 AB Vee |4 Input B
Vo = — (Ro) Tttt — b — + — + —
R1 2 4 8 16 32 64 128 256

(Top View)
Adjust Vygf, R10or Rg 50 that Vg with all digital inputs at high level

is equal t0 9.961 volts.

ORDERING INFORMATION

Vyef = 2.0 Vdc
R1=R2=1.0k Device Temperature Range Package
Ro =5.0kQ MC1458SD S0-8
MC1458SG Metal Can
1 0°C to +70°C .
vorY sttt L v ]y 255 5961 v MC14585P1 Plastic DIP
1k 2 4 8 16 32 64 128 256 256 MC1458SU Ceramic DIP
MC1558SG N Y Metal Can
MC15685U “85C 1o +125C | (o amic DIP
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MC1458S, MC1558S

MC1558S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1558 versus MC1558S RESPONSE COMPARISON
(Inverting Mode) {inverting Mode)

—

[Fuise ot o
\ : , :

5.0 V/Div.
5.0 V/Div.

% REPRESENTATIVE CIRCUIT SCHEMATIC
Vee

I

Inverting
Input 5k 5k $ 300
35
Output
" 30 pF 35
—
A 1
Noninverting o I
Input Xﬁ }\
]
Offset 3 >
Nult 350k 350
360 360 175 k
k
Offset Null VEE
MAXIMUM RATINGS (T4 = +25°C unless otherwise noted.)
Rating Symbol MC1558S MC1458S Unit
Power Supply Voltage Vee +22 +18 Vdc
VEE -22 -18

tnput Differential Voltage Range VIDR +30 Volts
Input Common-Mode Voltage Range VicR 16 Volts
Output Short Circuit Duration tg Continuous
Operating Ambient Temperature Range Ta -55 to +125 0 to +70 oc
Storage Temperature Range T“E 65 to +150 -65 to +150 oc
Junction Temperature Ceramic and Metal Package Ty 175 175 oc

Piastic Package 150 150 °c

Note 1. For supply voltages less than +15 Vdc, the absolute maximum input voltage is equal to the supply voltage.
Note 2. Supply voltage equal to or less than 15 Vdc.
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MC1458S, MC1558S

ELECTRICAL CHARACTERISTICS (Ve = +15 Vdc, VEE = -15 Vdc, Ta = +25°C unless otherwise noted.)

MC1558S MC1468S
Characteristic Symbol Min Typ Max Min Typ Max Unit
Power Bandwidth (See Figure 3) 8Wp kHz
Ay =1, R =20k, THD = 5%, Vo = 20 Vip=p) 150 200 - 150 200 —
Large-Signal Transient Response
Siew Rate (Figures 10 and 11) SR
Vi-]to V(+) 10 20 - 10 20 - Vius
V(+) to V(-) 10 12 - 10 12 -
Settling Time (Figures 10 and 11) tsetlg ~ 30 - - 3.0 - us
(to within 0.1%)
Small-Signal Transient Response
(Gain = 1, Ej, = 20 mV, see Figuras 7 and 8}
Rise Time tTLH -~ 0.2 - - 0.25 - us
Fall Time tTHL - 0.25 - - 0.25 - us
Propagation Delay Time tPLHPHL ~ 0.25 - - 0.25 - us
Overshoot 0os - 20 - - 20 - %
Short-Circuit Qutput Currents los +10 - +45 +10 — +45 mA
Open-Loop Voltage Gain {R_ = 2.0 k$2) (See Figure 4) AvoL -
Vo - 10V 50,000 | 200,000 - 20,000 {100,000 -
Output Impedance ({f = 20 Hz) 20 - 75 — — 75 — Q
Input Impedance (f = 20 Hz) H a3 1.0 — 0.3 10 - MQ
Output Valtage Swing Vo Vpk
RL - 10k 12 14 - +12 +14 -
RL =20k +10 13 - +10 +13 -
Input Common-Mode Volitage Swing VICcR 112 13 - +12 +13 - Vok
Common-Mode Rejection Ratio (f = 20 Hz) CMRR 70 90 - 70 90 - dB
Input Bias Current {See Figure 2) lig nA
- 200 500 - 200 500
Tnput Offset Carrent ol nA
- 30 200 - 30 200
fnput Offset Voltage (Rg = <10 k2] Viol mv
- 1.0 5.0 = 2.0 6.0
DC Power Consumption (See Figure 9) Pc mw
{Power Supply = #15 Vv, Vo = 0) - 70 150 - 70 170
Positive Voltage Supply Sensitivity PSS+ uV/V
(VEE constant) - 2.0 150 - 20 150
Negative Voltage Supply Sensitivity PSS- uVv/Iv
(Ve constant) - 10 150 - 10 150

**Plastic package offered in limited temperature range device only.

ELECTRICAL CHARACTERISTICS (Vec = +16 Vdc, VEE = - 15 Vde, T = —65 to +125°C for MC1558S and TA = 0to 70°C
for MC1458S, unless otherwise noted.)

MC 15585 MC1458s
Characteristic Sy mbol Min Typ Max Min Typ Max Unit
Open Loop Voltage Gain AvoL 25,000 - - 15,000 - - ViV
Vo =210V
Output Voltage Swing Vo Vpk
R =10 k2 £12 - - £12 - —
Ry =2k =10 ~ — 10 — —
Input Common-Mode Voltage Range VICR 12 - - - - — Vok
Commo 1-Mode Rejection Ratio (f = 20 Hz) CMRR 70 - - — - - dB
Input Bias Current g nA
Ta =125°C - 200 500 - - -
Tp = -55°C - 500 1500 - - -
Ta =010 70°C - - - - - 800
Input Offset Current Lo nA
Ta=125°C - 30 200 - - -
Ta = -55°C - - 500 - - -
Ta =0to70°C - - - - - 300
Input Offset Voltage Vio - - 6.0 - - 75 mv
Rg < 10 k2
DC Power Consumption Pc - - 200 - - - mw
Vp=0V
Positive Power Supply Sensitivity Pss+ - - 150 - - - uVv/Iiv
VEg = -15V
Negative Power Supply Sensitivity Pss- - - 150 - - - uVIvV
Vegc =15V
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MC1458S, MC1558S

TYPICAL CHARACTERISTICS
(Vee = +15 Vde, VEE = =15 Vdc, Ta = +25°C unless otherwise noted.)

FIGURE 1 — OFFSET ADJUST CIRCUIT FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE
” 5 40
ce 2l
4
w
& ann
o JUU
>
o
@ 250
% MC1658S <
Inputs or Output E 200 \
% MC1458S 2
= e
150
] \
*Not available with G and = 0
P1 Suffix Packages. IS
< 5
5 50
Offset Null =
; 0
Terminals Wm0 2 25 w0 #5700 125
T, TEMPERATURE (°C)
VEE
FIGURE 3 — POWER BANDWIDTH — NONDISTORTED
¢ OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 ~ OPEN-LOOP FREQUENCY RESPONSE
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FIGURE § — OUTPUT NOISE versus
SOURCE RESISTANCE
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MC1458S, MC1558S

TYPICAL CHARACTERISTICS
(Ve = +15 Vdc, VEE = -15 Vdc, Tp = +25°C unless otherwise noted.)

FIGURE 6 — SMALL-SIGNAL TRANSIENT
RESPONSE DEFINITIONS FIGURE 7 — SMALL-SIGNAL TRANSIENT RESPONSE

20 mV

Qutput
7N
\ ,'
o L1
o 34 00 =
pF
50%
Output Fall Time
THL
=15V
TLH Overshoot Vgg
Rise Ti
fse Time ? FIGURE 9 — LARGE-SIGNAL TRANSIENT WAVEFORMS
+10V
FIGURE 8 — POWER CONSUMPTION versus POWER
SUPPLY VOLTAGES Input oo
100
-0V
0 -~ Slew Rate
- 7 V(+) 10 V(-)
% 50 - {Measurement Siew Rate
L u Vo= 0 Period) V(=) to V(+)
2 30 (Measurement
£ Period)
H A
> 2
2]
Z / towasi
o Allowable
= 10 / ° Error
g y utput Band
e 70
& 7/ 10% 10%
5.0 /
4.0
30 Settling
20 6.0 10 14 18 22 Time

Vceand Vg, POWER SUPPLY VOLTAGE (VOLTS)

FIGURE 10 — SLEW RATE AND SETTLING TIME TEST CIRCUIT*
10 k*

[VCC= 15v

+10Vv
IL F2.24F T0.01 uF
~tov +10 v

‘L d—mv

M015585r l Output
100
Veg $2k ]_ oF

L -15v
< *2.2 uF | 10k*
= *Match to within 0.01%.
False Y 1 N?’ 6 Inputs of Amplifier Not Under
Summing 1 or Equivalent Test Should Be Grounded.
Node 1N916
= = or Equivalent
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MC1458S, MC1558S

SETTLING TIME

In order to properly utilize the high slew rate and fast
settling time of an operational amplifier, a number of
system considerations must be observed. Capacitance at
the summing node and at the amplifier output must be
minimal and circuit board layout should be consistent
with common high-frequency considerations. Both power
supply connections should be adequately bypassed as
close as possible to the device pins. In bypassing, both
low and high-frequency components should be con-
sidered to avoid the possibility of excessive ringing. In
order to achieve optimum damping, the selection of a
capacitor in parallel with the feedback resistor may be
necessary. A value too small could result in excessive
ringing while a value too large will degrade slew rate and
settling time.

SETTLING TIME MEASUREMENT

In order to accurately measure the settling time of an
operational amplifier, it is suggested that the “false”
summing junction approach be taken as shown in
Figure 11. This is necessary since it is difficult tode-
termine when the waveform at the output of the op-
erational amplifier settles to within 0.1% of it's final
value. Because the output and input voltages are ef-
fectively subtracted from each other at the amplifier
inverting input, this seems like an ideal node for the
measurement. However, the probe capacitance at this
critical node can greatly affect the accuracy of the
actual measurement.

FIGURE 11 — WAVEFORM AT
FALSE SUMMING NODE

{inverting Mode)

200 mV/DIV

1.0 us/DIV

FIGURE 12 — EXPANDED WAVEFORM AT
FALSE SUMMING NODE
{inverting Mode)

10 mv/DIV

1.0 ws/DIV

Input

Delivers 12.5 watt into 4.0 ohms with less than 1% THD to 100 kHz.
Pins not shown are not connected.

* Bias current adjustment to eliminate Crossover Distortion.
**Epoxy 1o power transistor heat sink or case for maximum Thermal Feedback.

The solution to these problems is the creation of a
second or “false’’ summing node. The addition of two
diodes at this node clamps the error voltage to timit the
voltage excursion to the oscilloscope. Because of the
voltage divider effect, only one-half of the actual error
appears at this node. For extremely critical measure-
ments, the capacitance of the diodes and the oscilloscope,
and the settling time of the oscilloscope must be con-
sidered. The expression

tsetlg =N x2+y24 22

can be used to determine the actual amplifier settling
time, where
tsetlg = observed settling time

x = amplifier settling time (to be determined)

y = false summing junction settling time

z = oscilloscope settling time
It should be remembered that to settle within *0.1%
requires 7RC time constants.

The +0.1% factor was chosen for the MC1558S
settling time as it is compatible with the +1/2 LSB
accuracy of the MC1508L-8 digital-to-analog converter.
This D-to-A converter features £0.19% maximum error.

TYPICAL APPLICATION

FIGURE 13 — 12.5-WATT WIDEBAND POWER AMPLIFIER

+15 VvV

MCL1304
or Equivalent
(Current
Limiting
Diode)

MJE1100
MPS-A12** or Equivalent

24k or Equivalent

10k*
<

18k

MJE1090

MCL1304 or Equivalent

or Equivaient

{Current
Limiting
Diode)

10k

-15v

AAA

1 h——AAA
Iy
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MOTOROLA

m SEMICONDUCTOR s MC1490P
TECHNICAL DATA

WIDEBAND AMPLIFIER
RF/IF/AUDIO AMPLIFIER

WITH AGC
- .. an integrated circuit featuring wide-range AGC for use in RF/
IF amoplifiers and audio amplifiers over the temperature range, SILICON MONOLITHIC
—40 to +85°C. See Motorola Application Note AN513 for design INTEGRATED CIRCUIT
details.

® High Power Gain — 50 dB Typ at 10 MHz
45 dB Typ at 60 MHz
35 dB Typ at 100 MHz

® Wide-Range AGC — 60 dB Min, dc to 60 MHz
® 6.0 to 15 V Operation, Single-Polarity Power Supply

1

P SUFFIX
PLASTIC PACKAGE
CASE 626
MAXIMUM RATINGS (TA = +25°C unless otherwise noted)
Rating Symbol Value Unit
Power Supply Voltage Vee +18 Vdc
Output Supply Vo +18 Vde PIN CONNECTIONS
AGC Supply V2(AGC) Vee Vdc
Differential Input Voltage \ 5.0 Vdc Qutput ; B Output
Operating Temperature Range TA —40to +85 °C (=} E 8 {(+)
Storage Temperature Range Tstg —65to +150 °Cc v E / ~]Substrate
Junction Temperature Ty +150 °C cc A\ Ground
Non-inv.
GND E & Input
Inv. 2 5 AGC
REPRESENTATIVE CIRCUIT SCHEMATIC Input J Input
2¢Vee {Top View)
1.5k
V2(AGC) 70
s 5.5 k 312.1 k
470
j}—— SCATTERING PARAMETERS (Vgc = +12 Vde,
_,_j" D" Ta = +25°C, Z, = 50 )
. f = MHz
Typ
4 Parameter | Symbol 30 60 Unit
- Inputs Input
(+) Reflection [S11i 0.95 0.93 -
6 Coefficient 011 -7.3 -16 °C
5.0 k Output
Reflection S22 0.99 0.98 —
Coefficient 822 -3.0 -565 °C
Forward
Transmission [S241 16.8 14.7 —
ici . °C
Substrate 57 Coefficient 621 128 64.3
" Reverse
Pins 3 and 7 should both be connected to circuit ground. Transmission S12 | 0.00048 } 000092 | —
Coefficient (233 84.9 79.2 °C
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MC1490P

ELECTRICAL CHARACTERISTICS (Voc = 12 Vdc, f = 60 MHz, BW = 1.0 MHz, Tp = 25°C)

Characteristic Figure Symbol Min Typ Max Unit
Power Supply Current Drain — Icc —_ — 17 mA
AGC Range (AGC) 5.0 V Min to 7.0 V Max 19 MAGC —60 — — dB
QOutput Stage Current (Sum of Pins 1 and 8) — [fs) 4.0 —_ 75 mA
Single Ended Power Gain Rg = R|_ = 50 Ohms 19 Gp 40 — — dB
Noise Figure Rg = 50 Ohms 19 NF — 6.0 — dB
Power Dissipation — Pp — 168 204 mwW

TYPICAL CHARACTERISTICS
Vo (aGC) = 0, Ve = 12 Vde, Tp = +25°C unless otherwise noted)

UNNEUTRALIZED POWER GAIN {dB)

FIGURE 1 — UNNEUTRALIZED POWER GAIN versus FIGURE 2 — VOLTAGE GAIN versus FREQUENCY
FREQUENCY (Tuned Amplifier, See Figure 19) (Video Amplifier, See Figure 21)
70 T T 50 LRSS T T J11T
——Vcc = 12 Vde = RL=1.0kQ vee = 12 Vde
60 =
_ Z w N
5 50 P — z
5 <
S 4 53
(=] o
§ Z RL=100Q2
w 3g a N
o \ E 2 N
£ N 3 \
2 g \
10 s 1
S RL=109
< 4
i
10 20 50 100 200 0 [ 10.0\
f, FREQUENCY (MHz) o 10 10 1000
1, FREQUENCY (MH2)
FIGURE 3 — DYNAMIC RANGE: OUTPUT VOLTAGE versus FIGURE 4 — VOLTAGE GAIN versus FREQUENCY
INPUT VOLTAGE (Video Amplifier, See Figure 21} (Video Amplifier, See Figure 21}
10 == =msasaci 50
0 AR g [
g V(AGC) =0 Volts g " Vge = 6.3 Vvde
@ 20 t= 1;0‘MH1~>——<— H S R =10k
3 w0 1 e 8 ~
2 07 H =
w05 HH R =1.0ka 2 30 \\
< >
S 02 2 100 @
o / =]
E o o 1000 TH :j:“ 2
£ 007 2 N\
S 008
S 0a 0 A\
=002 < i Z
0.01 I | 0
01 02 05 10 20 50 11 20 50 100 03 05 10 30 50 10 30 50 100 300
¢, INPUT VOLTAGE (mVRMS) f, FREQUENCY (MHz2)
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MC1490P

FIGURE 5 — VOLTAGE GAIN AND SUPPLY CURRENT versus

Ay, SINGLE-ENDED VOLTAGE GAIN (dB)

GAIN REDUCTION {dB})

Gp, POWER GAIN (dB)

SUPPLY VOLTAGE (Video Amplifier, See Figure 21)

a5 2%
———
f = 10MH2
IR =10k a
35 / Av 18
30 / 4 15
» / / 12
|
20 te 9.0
15 60
10 30
50 0
0 20 40 60 80 10 12 1 18
Vg, SUPPLY VOLTAGE (VOLTS)
FIGURE 7 — TYPICAL GAIN REDUCTION
versus AGC CURRENT
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FIGURE 9 — POWER GAIN versus SUPPLY VOLTAGE
(See Test Circuit, Figure 19)

f= 60 MHz
____,_—-»—‘-"'—
Gp
I/
0 20 40 6.0 8.0 10 12 N 16

Ve, POWER SUPPLY VOLTAGE (Vdc)

Ic, SUPPLY CURRENT (mAdc)

FIGURE 6 — TYPICAL GAIN REDUCTION

versus AGC VOLTAGE
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FIGURE 8 — FIXED TUNED POWER GAIN REDUCTION versus

TEMPERATURE (See Test Circuit, Figure 19)
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FIGURE 10 — NOISE FIGURE versus FREQUENCY
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NF, NOISE FIGURE (dB)

MC1490P

FIGURE 11 — NOISE FIGURE versus SOURCE RESISTANCE FIGURE 12 — NOISE FIGURE versus AGC GAIN REDUCTION
40 T
2 111 =30 Mz
18 ~+—t—+—+ 35 —BW = 1.0 MHz
Vee = 12 Vde
16 A4
A 30
14 =
2 f=105MHz L~ A LA =25
A ¥
10 —— - £ a2
f=60MHz 4T L~ b
80 % 15
AT E] ]
6.0 t = 30MHz 2 A Test Circuit Has Tuned Input
R 11 10 Providing a Source Resistance  ——
40 Optimized for Best Noise Figure.
50 il | |
2.0 8 ] l
0 0
100 200 400 600 10k 20k 40k 10k 0 -10 -20 -30 -40 -50 -60 -70 -8
Rg, SOURCE RESISTANCE (0hms) GAIN REDUCTION (d8}

FIGURE 13 — HARMONIC DISTORTION versus AGC GAIN
REDUCTION FOR AM CARRIER (For Test Circuit, See Figure 14)

&

y

/
/
yA

20 30 40 50 60 0 80
GAIN REQUCTION (dB)

=

2
I I I

a 5 t = 1027 MHz
= 351 modulation: 90% AM, fry = 1.0 kHz
I Load atPin 5 = 2.0k 760 mVpp
-— H
82" €, - PeaktoPeak Envelope of

w 0 = Peak-to-Peal nvelope 0 /
2250 Moduared 10.7 MH: /
o8 Carrier at Pin § | / / 7
z
= Z20 }

o
22 Eq = 2400 mVpp / 20 mven
25
]
23
=20
o=
H
z
<
ES

b
o

o
B
3

FIGURE 14 — 10.7 MHz AMPLIFIER
Gain = 55 dB, BW =~ 100 kHz

6.6 k
VRIAGC) © V-

107 MHz  o—3}
(50 © Source) 82 pF

0.002
+ 150 pF 1 '

L1 = 24 Turns, No. 22 AWG Wire
on a T12-44 Micro Metal
Toroid Core (—124 pF)

L2 = 20 Turns, No. 22 AWG Wire
on a T12-44 Micro Metal
Toroid Core {— 100 pF)
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MC1490P

TYPICAL CHARACTERISTICS (continued)

FIGURE 15 — Sq1 AND Sp3, INPUT AND OUTPUT FIGURE 16 — S11 AND S35, INPUT AND OUTPUT
REFLECTION COEFFICIENT REFLECTION COEFFICIENT

FIGURE 17 — S31, FORWARD TRANSMISSION

sor -

FIGURE 18 — S12, REVERSE TRANSMISSION

COEFFICIENT (GAIN) COEFFICIENT (FEEDBACK)

2 e e o

770 MH

AR EREREe:
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MC1490P

TYPICAL APPLICATIONS

FIGURE 19 — 60 MHz POWER GAIN TEST CIRCUIT FIGURE 20 — PROCEDURE FOR SETUP
)“ e USING FIGURE 19
Test €in Vaaee) | Ragclk
Magc| 223 mV (-40 dBm) 5-7V 0
Output Gp 1.0 mV (-47 dBm) =50V 5.6
= (50 Q)
7 NF 1.0 mV (- 47 dBm) =50V 5.6
L2
Input |F
(50 Q) FIGURE 21 — VIDEO AMPLIFIER
C1
——e +12 Vdc
= 0.001 uF
VRIAGC)
L1 = 7 Turns, #20 AWG Wire, 5/16" Dia., C1,C2,C3 = (1-30) pF
5/8” Long C4 = (1-10) pF
L2 = 6 Turns, #14 AWG Wire, 9/16" Dia.,
3/4" Long

0.001 uF
= +12 Vdc
0.001 uF
FIGURE 22 — 30 MHz AMPLIFIER
(Power Gain = 50 dB, BW = 1.0 MHz) FIGURE 23 — 100 MHz MIXER
VAGC = 6.0V
Input from
Local Oscillator , = é (1-10) pF
{70 MHz) 100 (1-30) pF
{1-30) pF p—4Ze IF Output
11-10) pF (30 MHz)
RL =500 L2
Signal nput
Input
(50 ) 16— 1 (100 MH;) "
%8 pF 30 pF +12 Vde
0.002 uF PAAAAS®
I 0.002 uF A< 10 uH
VRIAGC) = i 1 T
L1 = 12T #22 AWG Wire on a Toroid Core,
(T37f‘s"|.vs|icro Metal or lézuac’a orold Lore L1 = 5 Turns, #16 AWG Wire, 1/4" ID,
T1: Primary = 17 T i Toroid Core, 578’ Long
Primary (1'44?(5')"5 #20 AWG Wire on a Toroid Core L2 = 16 Tamme! #20 AWG Wire on a Toraid
Secondary = 2 Turns #20 AWG Wire Core, (T44-6)
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MOTOROLA

m SEMICONDUCTOR s MC1590G
TECHNICAL DATA

RF/IF/AUDIO AMPLIFIER WIDEBAND AMPLIFIER
WITH AGC
... an integrated circuit featuring wide-range AGC for use in RF/
IF amplifiers and audio amplifiers over the temperature range, SILICON MONOLITHIC
—55to +125°C. INTEGRATED CIRCUIT

® High Power Gain — 50 dB Typ at 10 MHz

45 dB Typ at 60 MHz

35 dB Typ at 100 MHz PIN CONNECTIONS
® Wide-Range AGC — 60 dB min, dc to 60 MHz
® Low Reverse Transfer Admittance — <10 umhos Typ at Com
60 MHZ Ground

® 6.0 to 15-Volt Operation, Single-Polarity Power Supply input (7] @QVee

8 1 Input

G SUFFIX Non-tnv. 13§ (5f Outo
(+
METAL PACKAGE "™~ ~®©~
. CASE 601 Ground
MAXIMUM RATINGS (T 5 = +25°C unless otherwise noted)
Rati Symbol* Value Unit
oo ym ADMITTANCE PARAMETERS
Power Supply Voltage Vee +18 Vde (Vge = +12 Vde, Ta = +25°C)
Output Supply Vo +18 Vde f = MHz
Typ
AGC Suppl \Z vV Vdc
pply 2(AGC) CcC P Symbol| 30 60 Unit
i i Vvd
Differential Input Voltage \7 5.0 c Single-Ended 911 04 | 06 | mmhos
Operating Temperature Range Ta -55 10 +125 °oc Input Admittance byq 1.2 -3.0
Storage Temperature Range Tt —65 to +150 oc Single-Ended g22 | 005 [ 0.1 | mmhos
st9 = Output Admi b2 | 05 1.0
Junction Temperature Ty 75 c Forward Transfer Y21 175 150 | mmhos
Admittance 621 -30 | -105 °C
{Pin 1 to Pin 5) (Polar)
Reverse Transfer g12 -0 -0 | wmhos
Admittance* b2 -50 | -10

REPRESENTATIVE CIRCUIT SCHEMATIC
*The value of Reverse Transfer Admittance includes

7¢9Vee the feedback admittance of the test circuit used in
the measurement. The total feedback capacitance
1.5k (including test circuit) is 0,025 pF and is a more
practical value for design calculations than the in-
V2(AGC) 70 ternal feedback of the device alone. (See Figure 10.)
5.5 k 312.1k
470 470 (+15 SCATTERING PARAMETERS (Vcc = +12 Vde,
—_—_ 0 Ta = °C, =
- —K-»:;‘""' Outputs A= +25%CZg = 50 Q)
2.03k °(-)6 f = MHz
Typ
1 ~ Parameter Symbol 30 60 Unit
(=) Goos 14k 45 Input
3 66 Reflection S1p 0.95 0.93 -
(+) ) 4 st 2003200 $2.8 k Coefficient 011 -7.3 -16 °C
5.0 k 5.0k Output
) | Reflection S22 0.99 0.98 -
5.6k31.9k Coefficient 622 -3.0 -5.5 °C
11k211k 84k Forward
l% iE 200 Transmission S21 16.8 14.7 —
C*Lses Coefficient 691 128 64.3 °C
Substrate b4 Reverse
Pins 4 and 8 should both be connscted to circuit ground. g;’;z:;::o" 3;' 22 0.22%48 o.msz <
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MC1590G

ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, f = 60 MHz, BW = 1.0 MHz, TA = —55°C to +125°C uniess
otherwise noted)

Characteristic Fig. | Symbol Min Typ Max Unit
AGC Range 24 MAGC dB
(V2(AGC) = 5.0Vt 7.0 V) 58 — -
(V2(AGC) = 5.0V t0 7.0V, Tp = 25°C) 60 68 —
Single-Ended Power Gain 24 Gp 37 - —_ dB
(Ta = 25°C) 40 45 —
Noise Figure 24 NF — 6.0 7.0 dB
(Rg optimized for best NF) (TA = 25°C)
Output Stage Current 32 o mA
(Sum of Pins 5 and 6) 35 — 8.0
(TA = 25°C) 4.0 5.6 7.5
Output Current Matching 32 Alp — 0.7 —_ mA
(Magnitude of Difference of Output Currents)
{5 — lg) {Ta = 25°C)
Power Supply Current 32 Icc mA
Vo =0V) — _ 20
(Vo = 0V, Ta = 25°C) — 14 17
Power Consumption (12 X Igc) —_ Pc mw
(Vi=0V) — — 240
(Vi =0V, Ta = 25°C) —_ 168 204
FIGURE 1 — UNNEUTRALIZED POWER GAIN versus FREQUENCY FIGURE 2 — VOLTAGE GAIN versus FREQUENCY
(Tuned Amplifier, See Figure 24) {Video Amplifier, See Figure 26)
70 T T 50 T T TTTTT |SRLRASL
Vee = 12 Ve = RL=10k2 Vee =12 Vde
s 60 =
= AT
ZE s 3 N
@ a w
B < N
w2 <
¥3S 4 5 a3
28 5 RL=1000
gz g A
N W 30 a8 N
24 N\ g
£g g \
53 20 z
g N 0 \
s 1w g RL=108
[]
10 20 50 100 200 0 1]
0.1 10 10 100 1000

f, FREQUENCY (MHz)
f, FREQUENCY (MH2)

MOTOROLA LINEAR/INTERFACE DEVICES

2-151



MC1590G

TYPICAL CHARACTERISTICS
(V2 (AGC) = 0, Vgg = 12 Vdc, T4 = +25°C unless otherwise noted)

FIGURE 3 — DYNAMIC RANGE: OUTPUT VOLTAGE versus

INPUT VOLTAGE (Video Amplifier, See Figure 26)

"] T 1+
70 = e S
& 5.0 Vee =12 Vde
= V2(AGC) =0 Volts n
v 20 f = 1.0MHz —
ar i1 el
o 10
= 07 H
w05 R =10 ke
=
S 0.2 // ]
z o 1002 T3
5 o
i
e 1ne
© 002 < i
001
01 02 05 10 20 50 10 20 5 100

8, INPUT VOLTAGE {mVRMS)

FIGURE 5 — VOLTAGE GAIN AND SUPPLY CURRENT versus

W
& o

w
=3

Ay, SINGLE-ENDED VOLTAGE GAIN {dB)
S & 3 8

o,
=)

SUPPLY VOLTAGE (Video Amplifier, See Figure 26)

i P
| 1 =10mH: | 2
Ry =10k
A
/ v 18
7 / 15
p: 12
/

ce 90
60
30

0

0 20 40 60 80 10 12 14 16

Vee. SUPPLY VOLTAGE (VOLTS)

FIGURE 7 — TYPICAL GAIN REDUCTION versus AGC CURRENT

GAN REDUCTION (dB)

0

0

20 \\
30 \\

100 < Rpgg < 100 k

40

50

60

10 \'
80

-40 -20 0 20 40 60 80 100 120 140 160

1AGC AGC CURRENT (xA)

i¢. SUPPLY CURRENT (mAdc)

FIGURE 4 — VOLTAGE GAIN versus FREQUENCY
(Video Amplifier, See Figure 26)

50
g [
z Ve =63 Vde
R R<10ka
w
] o~
<
530 ™
g N
g N
a 100 2
S
w NN
w
a N
=
% 10
N\

30 50 10 30 50
f, FREQUENCY (MHz)

0
03 05 10 100

FIGURE 6 — TYPICAL GAIN REDUCTION
versus AGC VOLTAGE

300

° ] L 1] '
10 4
NN
~ 2 N ]-© 1
g ‘ RaGe
Zz 30 —
=3
S 4 N RAGC = 100 ka2
: N
2 N\
z 50 \
S !
Rage =09 RAGC = 5.6k2
0 ‘1 L |
o L [ [ ] J

0 30 80 12 15 18 21 2 27

VR(AGC), AGC VOLTAGE (Vdc)

6.0

FIGURE 8 — FIXED TUNED POWER GAIN REDUCTION
versus TEMPERATURE (See Test Circuit, Figure 24)

30

+50 l
+40
\\\\\\ -550C
00og
2430 NN T
g
= +250C
S0 ‘75]’0 N ]
(-}
] +1259¢ N
£+10 A\
154
S0
| Vgp =12Vde
T =60 MHz
-10 Ragg = 68ka
" L
50 52 64 55 58 60 62 64 66 68 70

VR(AGC). AGC VOLTAGE (VIJL"TS)
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Gp, POWER GAIN (dB)

NF, NOISE FIGURE (dB)

FIGURE 9 —~ POWER GAIN versus SUPPLY VOLTAGE
{See Test Circuit, Figure 24)

MC1590G

TYPICAL CHARACTERISTICS (continued)

FIGURE 10 — REVERSE TRANSFER ADMITTANCE versus
FREQUENCY (See Parameter Table, Page 1)

80 5 -50
2
[
7 -
f= 60 MHz S a0
60 =
=
=
50
—— 2 30
«
a0 6p e & »
2 /
20 / g 7
w b1z
20 3 LA
ERL
10 5 1
0 s 9120
0 20 40 60 8.0 10 12 19 16 10 20 30 40 50 100 150 200
Vee. POWER SUPPLY VOLTAGE (Vdc) f, FREQUENCY (MHz)
FIGURE 11 — NOISE FIGURE versus FREQUENCY FIGURE 12 — NOISE FIGURE versus SOURCE RESISTANCE
iy o[
Ve = 12 Vie /]
80 1 // by
7.0 =1 —
= f=105MHz L~ 1 e
6.0 Y] ] »
> A
50 —" 2 1 N /, -
! b ] 1 = 60 MHz L~
40 hsD — 2 50
- for minimum NF E g LU | A
. T § = 30MH
3.0 w 6.0 3 L g
20 40
10 ] | 20
0 0
15 0 25 30 35 40 50 60 70 80 90 100 150 100 200 400 600 10k 20k 401k 10k
f, FREQUENCY (MHz2) Rg, SOURCE RESISTANCE (Ofms)

NOISE FIGURE (dB)

FIGURE 13 — NOISE FIGURE versus AGC GAIN REDUCTION

40 T
f= 30_MHz
35 [—BW = 1.0 MHz
30
25
20
15
// Test Circuit Has Tuned Input
10 Providing a Source Resistance  —
Optimized for Best Noise Figure.
b0 S0 -2 -3 40 50 &0 70 8

GAIN REDUCTION (dB)
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MC1590G

TYPICAL CHARACTERISTICS (continued)

FIGURE 14 — SINGLE-ENDED OUTPUT ADMITTANCE

FIGURE 15 — SINGLE-ENDED INPUT ADMITTANCE

25 10 J
= 9.0
‘; 20 z 80
£ / s
et b22 £ 50
=] w 7
Z 4 g P
£ s 4 g o A
= d S 50
o = 7 /"
< 2 /
5 1.0 ~ 40 A
a >
= ] & 39
=] L1 -
S 05 [ S— = 20 — 911
> | — | > 0 L1 |
| : g1
0 0 l
20 30 40 60 80 100 150 200 20 30 40 60 8¢ 100 200
f, FREQUENCY (MHz) f, FREQUENCY (MHz)
FIGURE 16 - HARMONIC DISTORTION versus AGC GAIN FIGURE 17 — 10.7 MHz AMPLIFIER
REDUCTION FOR AM CARRIER (For Test Circuit, See Figure 17) Gain = 55 dB, BW =~ 100 kHz
40—
T f I I

a 35_1 = 10.7 MHz

= Modulation: 90% AM, fm = 1.0 kHz

@ Load atPin5 = 2.0 k2 760 mVpp

S % y

2 E Eq = Peak-to-Peak Envelope of / j 5.6 k

S22 Modulated 10.7 Mz VR(AGC) 0—

i Pi

g & Carrier at Pin § / / 7 10.7 MHz 3

z320 y (500 Source) g p

E = Eq = 2400 mVpp / /24(] mVpp pl

g3 0.002]

£8 / T

o= L

g / /

< Lt = 24 Turns, No. 22 AWG Wire

5.0 3
* i / on a T12-44 Micro Metal
0 Toroid Core (~ 124 pF)
0 10 20 30 40 50 60 70 80 L2 = 20 Turns, No. 22 AWG Wire

GAIN REDUCTION (dB)

FIGURE 18 ~ Y321, FORWARD TRANSFER ADMITTANCE

200
160
120
80
40

on a T12-44 Micro Metal
Toroid Core {~ 100 pF}

FIGURE 19 — Y21, FORWARD TRANSFER ADMITTANCE

RECTANGULAR FORM POLAR FORM
TT TTIT 1 o 5
921 INPUT  —Pin 1 | o 2 0
ouTPYT -Pins | 3 =1 ~L g
2 160 b~ Y231 o~ 45 5
§ S0 \\ 0 ZE
<3 N A\ a®
SRR Bgs
| b /] 8 E 0 a0 E 8
23 2=
\\ z : 80 S5 =
/ E . INPUT  —Pin 1 el z
Nt =2 QUTPUT - Pin§ g=
2w a8
9
2 -360 ©
0 -405
20 50 10 20 50 100 200 20 50 10 20 50 100 200

f, FREQUENCY (MHz2)

f, FREQUENCY (MHz}
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MC1590G

TYPICAL CHARACTERISTICS (continued)

FIGURE 20 — S9 AND S33, INPUT AND OUTPUT FIGURE 21 — S11 AND S22, INPUT AND OUTPUT n
REFLECTION COEFFICIENT REFLECTION COEFFICIENT

¢

\‘\
S
N

Z//

/7

\

FIGURE 22 — Sp1, FORWARD TRANSMISSION FIGURE 23 — Sq2, REVERSE TRANSMISSION
COEFFICIENT (GAIN) COEFFICIENT (FEEDBACK)

W o w0 ne
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MC1590G

TYPICAL APPLICATIONS

FIGURE 24 — 60 MHz POWER GAIN TEST CIRCUIT

FIGURE 25 — PROCEDURE FOR SETUP

B E! USING FIGURE 24
u‘uml e Test ein V2(AGc) [RAGCIKS)
A
AN uF T . ! Shisld ca MAGC 2.23 mV (-40dBm) 57V 0
/ e Output Gp 1.0mV (-47dBm} | <50V | 56
ag €2 (509) NF 1.0mV (-47dBm) | <50V 56
L2
% FIGURE 26 — VIDEO AMPLIFIER
Input * I«
(5052)
c1
e +12 Vdc 1.0uF 23
v = 0.001uF .
R(AGC) o
VR(AGC) [
L1 =7 Turns, #20 AWG Wire, 5/16” Dia,  C1,02,C3 = (1-30) pF v SR
5/8" Long C4 = (1-10) pF R(AGC)
L2 = § Turns, #14 AWG Wire, 8/16" Dia.,
3/4" Long L1
0.001 uF
0.001 u *12Vde
FIGURE 27 — 30 MHz AMPLIFIER
(Power Gain = 50 dB, BW = 1.0 MHz) FIGURE 28 — 100 MHz MIXER
VAGC ~6.0V
Input from ac _E
Local Oscillator A (1-10) pF
(70MHz2)  1g9 (1-30) pF
(1-30) pF a IF Qutput
(1-10) pF (30 MHz)
RL=50 Signal Input L2
Input {100 MHz)
o) 3 1 [
38 pF (1-30) pF +12 Vde
0.002 uF
I o= 10uH
L1 =12 Turns #22 AWG Wire on a Toroid Core, e_ - - " =
(T37-6 Micro Metal o Equiv) L1 =3 Burns, #16 AWG Wire, 1/410,
T1: Primary = 17 Turns #20 AWG Wire on a Toroid Core, 1218 Tur::gﬂo AWG Wite on a Toroid
{T44-6 Micro Metal ar Equiv) = , \ oI
Secondary = 2 Turns #20 AWG Wire Core, (T44-6 Micro Metal or Equiv)
FIGURE 29 ~ TWO-STAGE 60 MHz IF AMPLIFIER (Power Gain <~ 80 dB, BW =~ 1.5 MHz)
VR(AGC) 10k
'g AN
' 24 pF 51k /Sniehl (1-10) pF
nput I 0.002 uF
(5052) 11N ! : Output
= 2004 = (50}
1 39 pF
(10 pf P
0.002 uF

T1: Primary Winding = 15 Turns, #22 AWG Wire, 1/4” 10 Air Core
Secondary Winding = 4 Turns, #22 AWG Wire,
Coefficient of Coupling ~ 1.0

T2: Primary Winding = 10 Turns, #22 AWG Wire, 1/4” 1D Air Core

Secondary Winding = 2 Turns, #22 AWG Wire,
Coefficient of Coupling = 1.0
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MC1590G

TYPICAL APPLICATIONS (continued)

FIGURE 30 — SPEECH COMPRESSOR

+12Vo 25 uF

Output

tnput 15 uF

FIGURE 31 — OUTPUT VOLTAGE versus INPUT VOLTAGE
10

07— SEE FIGURE . R1< 100 ko 00
N )

=~ 05 t > —+H
e R1=15kQ 111
S
: p [ 1]
@ Y R1=0
= o L et
g . et
= 0.07
=2
& 0.05
=3
o
& Measured from 100 Hz to 10 kHz

0.02 for Values of Attack from

30t 4.0ms
001 Lol i |
~01 03 05 1.0 30 50 10 30 50 100

&j, INPUT VOLTAGE (mV)

FIGURE 32 - OUTPUT CURRENT,
CURRENT MATCH AND I¢c FIXTURE

DESCRIPTION OF SPEECH COMPRESSOR

The amplifier drives the base of a PNP MPS6517 op-
erating common-emitter with a voltage gain of approx-
imately 20. The control R1 varies the quiescent Q point
of this transistor so that varying amounts of signal ex-
ceed the level V,. Diode D1 rectifies the positive peaks
of Q1’s output only when these peaks are greater than
Vp = 7.0 Volts. The resulting output is filtered by Cy,
Rx-

Rx controls the charging time constant or attack time.
Cyx is involved in both charge and discharge. R2 (the
150 kQ and input resistance of the emitter-follower Q2)
controls the decay time. Making the decay long and
attack short is accomplished by making Ry small and
R2 large. (A Darlington emitter-foliower may be needed
if extremely slow decay times are required.)

The emitter-follower Q2 drives the AGC Pin 2 of the
MC1590G and reduces the gain. R3 controls the slope
of signal compression. The following graph (Figure 31)
details performance with R3 set to 15 k(.

TABLE 1 — DISTORTION versus FREQUENCY

DISTORTION DISTORTION
FREQUENCY [0 mv e; |100 mV ¢;[10 mV ¢;[100 mV ¢;

100 Hz 3.5% 12% 15% 27%
300 Hz 2% 10% 6% 20%
1.0 kHz 1.5% 8% 3% 9%
10 kHz 1.5% 8% 1% 3%
100 kHz 1.5% 8% 1% 3%

Notes 1 and 2 Notes 3 and 4

Note: (1) Decay =300 ms

Attack = 20 ms

(2) Cx=785uF
Rx =0 (Short)

(3) Decay =20 ms
Attack = 3 ms

(4) Cx =0.68uF
Rx =15k

12V

0.001
F

|
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MOTOROLA MC1709

= SEMICONDUCTOR s MC1709A
TECHNICAL DATA MC1 709C

MONOLITHIC OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER

.. . designed for use as a summing amplifier, integrator, or amplifier
with operating characteristics as a function of the external feed-
back components.

SILICON MONOLITHIC
INTEGRATED CIRCUIT

@ High-Performance Open Loop Gain Characteristics

Ayol = 45,000 typical PIN CONNECTIONS
® Low Temperature Drift — £3.0 uV/°C typical (MC1709) o Flnput Frea. Comp.
npu req.
® Large Output Voltage Swing — +14 V typical @ +15 V Supply Comp. Vee
® Low Output Impedance —~ zg = 150 ohms typical tnv. Input (6)Output
Non-lnv. Output
Input Freq. Comp.
VeEe
(Top View)
MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.)
Rating Symbol Value Unit
Power Supply Voltage Vee +18 Vdc
VEE —18 G SUFFIX
Input Differential Voltage Range VIDR +5.0 Volts METAL PACKAGE
Input Common-Mode Range VICR *10 Volts CASE 601
Output Load Current IL 10 mA
Output Short-Circuit Duration ts 5.0 s
Power Dissipation (Package Limitation) Pp
Metal Can 680 mw
Derate above Tp = +25°C 46 mwW-rC bLA g;ég;?ﬁme
Plastic Dual In-Line Packages (MC1709C only) 625 mwW CASE 626
Derate above Tp = +25°C 5.0 mwW/rC 8 (MC1709C Only)
Ceramic Dual In-Line Package 750 mwW/°C 1
Derate above Tp = +25°C 6.0 mwW/°C
Operating Ambient MC1709A, MC1709 Ta -55t0 +125 °C
Temperature Range MC1709C 0to +70
Storage Temperature Range Tstg °C
Metal and Ceramic Packages —65to +150 U SUFFIX
Plastic Packages -55t0 +125 CERAMIC PACKAGE
8 CASE 693
1
FIGURE 1 ~ EQUIVALENT CIRCUIT SCHEMATIC
vee INPUT COMPENSATION
Input Freq. Input Freq.
kL 10k 10k Comp. [8] comp.
- Wk Inv. Input Vee
weur 2% ] 25k Non-Inv. Input 1 6] Output ]
o .
COMPENSATION T 1 ouTPUT vee [4] 5] C:::.t i
NONINVERTING 30k (Top View)
NPT El ' 10k ouTPUT
INVERTING
COMPENSATION
INPUT o] G & ORDERING INFORMATION
36k 1 Device Temperature Range Package
N Y MC1709CG Metal Can
18k 75 MC1709CU 0°C to +70°C Ceramic DIP
MC1709CP1 Plastic DIP
24% MC1709G,AG o . Metal Can
VEE MC1709AU T8C 0 +12°C | (e amic DIP
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MC1709, MC1709A, MC1709C

ELECTRICAL CHARACTERISTICS (unless otherwise noted, +9.0V < Vge <15V, -9.0V = VEg = —15V, TA = 26°C)

MC1709A MC1709
Characteristic Symbol Min Tye Max Min Typ Max Unit
Input Offset Voltage Vio - 0.6 20 — 1.0 5.0 mV
(Rg < 10 k)
Input Offset Current o — 10 50 — 50 200 nA
tnput Bias Current [T} - 100 200 - 200 500 nA
Input Resistance T 350 700 - 150 400 ~ k2
Output Resistance ro - 150 - - 150 - Q
Power Supply Currents icc. IEE - 25 36 - - - mA
(Vec =15V, VEg =-15 V)
Power Consumption Pc — 75 108 - 80 165 mwW
(Vco =15V, Vgg =-15 V)
Transient Response
(Ve = 18 V, VEg = -15 V) See Figure 8
Risetime TLH - - 1.5 - 03 1.0 us
Overshoot os - - 30 - 10 30 %
ELECTRICAL CHARACTERISTICS (unless otherwise noted, +9.0V <Vcc <15V, —8.0V = VEg = -15V, Tp = —-55°C to+125°C)
MC1709A MC1709
Characteristic Symbot Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - - 3.0 — - 6.0 mV
(Rg < 10 k)
* Average Temperature Coefficient of Input Offset Voltage | aV|g/aT wV/oC
(Rg =50 2, TA = 25°C to 125°C) - 1.8 10 - - -
(Rg =50 Q, Ta = -55°C to 25°C) - 1.8 10 - - -
{Rg =50 Q, Tp =-55°C to 125°C) - - - - 3.0 -
(Rg = 10 kQ, Ta = 25°C to 125°C) - 2.0 15 - - -
(Rg =10 kf2, Tp = -55°C to 25°C) - 48 25 - - -
{Rg =10k, Tp = -55°C to 125°C) - - - - 6.0 -
Input Offset Current o nA
(Tp = -55°C) - 40 250 - 100 500
(Ta = 125°C) - 35 50 - 20 200
Average Temperature Coefficient of Input Offset Current | aljo/aT nA/CC
(Ta =-55°C to 25°C) - 0.45 258 - - -
(Ta = 25°C to 125°C) - 0.08 0.5 - - -
Input Bias Current B - 300 600 - 500 1500 nA
(Ta = -55°C)
Input Resistance r 85 170 - 40 100 - kQ
(T =-55°C)
input Common-Mode Voltage Range VICR +8.0 +10 - +8.0 +10 - \%
(Veg =15V, VEg = -15 V)
Common Mode Rejection Ratio CMRR 80 110 - 70 90 - dB
(Rg <10 kQ)
Supply Voltage Rejection Ratio PSRR - 40 100 - 25 150 uviv
(Vee =15V, VEg =-15 V, Rg <10 kQ)
Large Signal Voltage Gain Ay 25 45 70 25 45 70 V/mV
(Vec =15V, VEg =-15V, R| 220 kQ,
Vo =t15V)
Output Voltage Range VOoRrR v
(Vog =15V, VEg=-15 V)
(R =10 kQ} £14 - +12 14 -
(R =>2.0 kQ2) 13 - 10 13 -
Power Supply Currents Icc/Ige mA
{(Vgc =15V, VEg =-15 V)
(Ta =~55°C) - 27 4.5 - - -
(Ta = 125°C) - 2.1 3.0 - - -
Power Consumption Pc mw
{Vge = 15, Vgg =-15 V)
(Ta =-55°C) - 81 135 - - -
(Ta = 125°C) - 63 90 - - -
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MC1709, MC1709A, MC1709C

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

MC1709C
Characteristic Symbol Min Typ Max Unit
Input Offset Voltage Vio - 20 75 mV
(Rs <10k2,90V<15V,-90V > Vgg 2 -15V)
Input Offset Current o — 100 500 nA
Input Bias Current hig - 300 1500 nA
Input Resistance T 50 250 - k&
Output Resistance o - 150 - Q
Power Consumption Pc — 80 -+ 200 mw
Large Signal Voltage Gain Ay 15 45 - V/mV
(RL>20kQ,Vo=t10V)
Output Voitage Range VOR \
(R 210 k) 112 +14 -
(R 22.0 kQ2} +10 +13 -
Input Common-Mode Voltage Range VicR +8.0 +10 — \2
Common Mode Rejection Ratio CMRR 65 90 - dB
(Rg <10 kQ2)
Supply Voltage Rejection Ratio PSRR - 25 200 vy
(Rg <10 k)
Transient Response
See Figure 8
Rise Time TLH - 03 - us
Overshoot 0s - 10 - %

ELECTRICAL CHARACTERISTICS (unless otherwise specified, Vee = +15V, VEg = =15V, Tp = 0°C to 70°C)

MC1709C
Parameter Symbo! Min Typ Max Unit
input Offset Voltage Vio — — 10 mV
(R§ < 10kQ,9.0V<Vee<15V,-9.0V > Veg > 15V)

Input Offset Current o — — 750 nA

{nput Bias Current g - - 2.0 kA
Large Signal Voltage Gain Ay 12 - —- V/mV

(RL>20kR,Vg=2:10V)
Input Resistance ri 35 — - (393
TYPICAL CHARACTERISTICS
FIGURE 2 — TEST CIRCUIT
(Vge = #15 Vdc, VEg = -15 Vdc, Tp = 0 "
cc EE c, T = +259C) Fig Corve N Test Conditions
R2 : urve No.

- No. Ry(2) | Ry(2) |Ry(a) | (pF) | C,(pF)

! 3 1 10k | 10k |15k |50k | 200

fis 2 10k | 100k | 1.5k | 500 20

] 3 10k 1LOM| 1.5k 100 3.0

*=— W4 4 1.0k 1.0M 0 10 3.0

4 1 1.0k| LOM|[ o 10 3.0

2 10k 1.OM| 1,5k | 100 3.0

AL 3 10k 100k | 1.5k | 500 20

1 4 10k 10k | 1.5k | 5.0k 200

c2 N 5 1 0 © 1.5k | 5.0k 200

= 2 0 b 1.5k [ 500 20

3 0 «® L5k | 100 3.0

4 0 @® 1] 10 3.0
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FIGURE 3 — LARGE SIGNAL SWING versus FREQUENCY

MC1709, MC1709A, MC1709C

FIGURE 4 — CLOSED LOOP VOLTAGE
GAIN versus FREQUENCY
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0 h‘ ™ \i\ 2ol 4 1 o H\
100 10k 0k 100k T0M  10M 100 10K 0k 100k oM oM
f, FREQUENCY (Hz) f, FREQUENCY (H2)
FIGURE 5 — OPEN LOOP VOLTAGE FIGURE 6 — VOLTAGE GAIN versus
GAIN versus FREQUENCY POWER SUPPLY VOLTAGE
120 T 100
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100 f E
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FIGURE 7 — SLEW RATE versus CLOSED LOOP GAIN
USING RECOMMENDED COMPENSATION NETWORKS FIGURE 8 — TRANSIENT RESPONSE TEST CIRCUIT
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MOTOROLA MC1733
I R
= SEMicouDyCToR ——

DIFFERENTIAL VIDEO
DEB. PLIFIER
DIFFERENTIAL VIDEO AMPLIFIER WIDEBAND AM

SILICON MONOLITHIC
INTEGRATED CIRCUIT
- . . @ wideband amplifier with differential input and differential out-

put. Gain is fixed at 10, 100, or 400 without external components

or, with the addition of one.external resistor, gain becomes adjustable
from 10 to 400.

® Bandwidth — 120 MHz typical @ Ayq = 10 INPUT 28 S 0uTPUT 2
® Rise Time — 2.5 ns typical @ Ayq = 10

{top view)

Gzg o
GAIN SELECT VEE

® Propagation Delay Time — 3.6 ns typical @ Avd =10 P L
(Top View)
G SUFFIX
METAL PACKAGE
FIGURE 1 — BASIC CIRCUIT FIGURE 2 — VOLTAGE GAIN CASE 603
ADJUST CIRCUIT
GAIN SELECT
vee m
D SUFFIX
vee G PLASTIC PACKAGE
INPUT 1 QUTPUT 1 024F CASE 751A

INeuT ouTPUT 1 (S0-14)
! 1
5t ME1733 -
OUTPUT 2 (MC17330)

INPUT 2

{7 e B S L SUFFIX
5 1 CERAMIC PACKAGE
VEE G2a G28 L = CASE 632
GAIN SELECT VEE 624 628
FIGURE 3 — EQUIVALENT CIRCUIT SCHEMATIC
vee P SUFFIX
PLASTIC PACKAGE
11k CASE 646
11k 3 12
24k 2.4k 10k l/ 1
1N PIN CONNECTIONS
v
INPUT 2 0~ INPUT 2 INPUT 1
I NC NC
INPUT 1 n——K —0 628 GAIN SELECT G2A GAIN SELECT
Tk OUTPUT 1 G1g GAIN SELECT Gya GAIN SELECT
| VEE vee
GAIN ) G1A {10p view)
SELECT ) ¢ 50 5 N N
2A OUTPUT 2 QUTPUT 1
[og l M N
k QUTPUT 2 (Top View)
GAIN % 628 590 $590 !
SELECT [ G18 r [ J ORDERING INFORMATION
I\L I J 1,) Device Temperature Range Package
{ MC1733G Metal Can
~85°C to +125°C )
300 ? 14K N%Nm '?400 ,?400 MC1733L Ceramic DIP
‘ $ MC1733CD $0-14
VEE MC1733CG " N Metal Can
MC1733CL 0°Cto +70°C Ceramic DIP
MC1733CP Plastic DIP
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MC1733, MC1733C

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

Rating Symbol Value Unit
Power Supply Voltage Vee +8.0 Volts
. VEE -8.0
Differential input Voltage Vin +5.0 Volts
Common-Mode Input Voitage Vicm 16.0 Volts
Output Current [Je] 10 mA
Internal Power Dissipation (Note 1) Pp
Metal Can Package 500 mw
Ceramic Dual In-Line Package 500
Operating Temperature Range MC1733C TaA 010 +70 oc
MC1733 -55 to +125
Storage Temperature Range Tsig -65 to +150 oc

ELECTRICAL CHARACTERISTICS (Vcc = +6.0 Vde, Vg = -6.0 Vdc, at T = +25°C unless otherwise noted.)

MC1733 MC1733C
Characteristic Symbol Min Typ Max Min Typ Max Units
Differential Voltage Gain viv
Gain 1 (Note 2) Avd 300 400 500 250 400 600
Gain 2 (Note 3} 90 100 110 80 100 120
Gain 3 (Note 4) 9.0 10 11 8.0 10 12
Bandwidth (Rg=50£) BW MHz
Gain 1 - 40 - - 40 -
Gain 2 - 90 - - 90 -
Gain 3 - 120 - - 120 -
Rise Time (Rg=50%Q,Vo=1Vp-p) tTLH ns
Gain 1 tTHL - 105 - - 105 -
Gain 2 - 45 10 - 45 12
Gain 3 - 25 - - 25 -
Propagation Delay (Rg=50%,Vg=1Vp-p) tPLH ns
Gain 1 tPHL - 75 - - .15 -
Gain 2 - 6.0 10 - 6.0 10
Gain 3 - 3.6 - — 36 -
Input Resistance Rin kQ
Gain 1 - 4.0 - - 40 -
Gain 2 20 30 - 10 30 -
Gain 3 - 250 - - 250 -
input Capacitance {Gain 2) Cin - 2.0 - - 2.0 - pF
Tnput Offset Current (Gain 3) ol - 04 3.0 - 04 5.0 uA
Input Bias Current (Gain 3) LY} - 9.0 20 - 9.0 30 uA
Input Noise Voltage  (Rg =502, Vn - 12 - - 12 = uVirms)
BW = 1 kHz to 10 MHz|
Input Voltage Range (Gain 2) Vin +1.0 - - +1.0 - - \"
Common-Mode Rejection Ratio CMRR dB
Gain 2 (Vem = £1 V, £ <100 kHz) 60 86 - 60 86 -
Gain 2 (Vem =21V, f =5 MH2) - 60 - - 60 -
Supply Voltage Rejection Ratio PSRR daB
Gain 2 {AVg =105 V) 50 70 - 50 70 -
Output Offset Voltage Voo \"
Gain 1 - 06 15 - 0.6 15
Gain 2 and Gain 3 - 0.35 1.0 - 0.35 15
Output Common-Mode Voltage (Gain3) Vemo 24 29 34 24 29 34 \Y
Output Voltage Swing (Gain 2) Vo 3.0 4.0 - 3.0 4.0 - Vp-p
Output Sink Current (Gain 2) o 25 3.6 - 25 36 - mA
Output Resistance Rout - 20 - - 20 - Q
Power Supply Current {Gain 2) o - 18 24 - 18 24 mA
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MC1733, MC1733C

ELECTRICAL CHARACTERISTICS (vcc = +6.0 Vdc, Vgg = -6.0 Vdc, at TA = Thigh t0 Tigy unless otherwise noted.)*

MC1733 MC1733C
Characteristic Symbol Min Typ Max Min Typ Max Units
Differential Voltage Gain Avd VIV
Gain 1 (Note 2) 200 - 600 250 - 600
Gain 2 (Note 3) 80 - 120 80 - 120
Gain 3 (Note 4) 8.0 = 12 8.0 - 12
Input Resistance Rin 8.0 - - 8.0 - - kQ
Gain 2
Input Offset Current (Gain 3) ol - — 5.0 - — 6.0 uA
Input Bias Current (Gain 3) g — — 40 — - 40 KA
Input Voltage Range (Gain 2) Vin +1.0 — — +1.0 — - v
Common-Mode Rejection Ratio CMRR 50 - - 50 - - dB
Gain 2 (Vem = 1V, <100 kHz)
Supply Voltage Rejection Ratio PSRR 50 - - 50 - - dB
Gain 2 {AVe=40.5V)
Output Offset Voltage Voo v
Gain 1 . - 1.5 - - 1.5
Gain 2 and Gain 3 - — 1.2 — = 1.5
Qutput Voltage Swing (Gain 2) Vo 2.5 — — 2.5 — — Vp-p
Output Sink Current  (Gain 2) o 2.2 — — 25 - — mA
Power Supply Current {Gain 2) Ip - - 27 - - 27 mA

*Tiow = 0°C for MC1733C, -55°C for MC1733
tow -
Thigh = +70°C for MC1733C, +125°C for MC1733.

FIGURE 4 — MAXIMUM ALLOWABLE POWER DISSIPATION

800
z
NOTES z
2 600
Note 1: Derate metal package at 6.5 mW/°C for operation at x
ambient temperatures above 75°C and dual in-line pack- 2 s CERAMIC DUAL —
age at 9 mW/OC for operation at ambient temperatures a N “ IN-LINE PACKAGE
above 100°C (see Figure 4). If operation at high am- £ 400 N v —~=—9 mW/°C
bient temperatures is required (MC1733) a heatsink E '\
may be necessary to limit maximum junction tempera- b METAL PACKAGE — ™\
ture to 150°C. Thermal resistance, junction-to-case, = 66 mw/°¢ N
for the metal package is 69.4°C per Watt. 5 200 LR
Note 2: Gain Select pins G1a and G1g connected together. 5 \l\
Note 3: Gain Select pins Gpa and Gog connected together. S N\
Note 4: All Gain Select pins open. 0 \
0 +50 +100 +150 +200

TA, AMBIENT TEMPERATURE (°C)
TYPICAL CHARACTERISTICS
{Vce = +6.0 Vde, VEg = -6.0 Vdc, T = +25°C unless otherwise noted.)

FIGURE 5 — SUPPLY CURRENT versus TEMPERATURE FIGURE 6 — SUPPLY CURRENT versus SUPPLY VOLTAGE
20 28
~ 2%
FRRL] = L~
E f— /j
& gl <
£ -~ =
> / =}
g \‘ «JRT
g [7 o
e n
S <]
A
8
16 80
80 20 +20 +60 +100 +140 30 4.0 50 6.0 70 8,
TA. AMBIENT TEMPERATURE (9€) VeC. IVEEI, SUPPLY VOLTAGE (VOLTS)
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RELATIVE VOLTAGE GAIN

Avs, SINGLE-ENDED VOLTAGE GAIN (dB)

RELATIVE VOLTAGE GAIN

1.15

MC1733, MC1733C

TYPICAL CHARACTERISTICS (continued)
(Vge = +6.0 Vdc, VEE =-6.0 Vdc, Ta = +25°C unless otherwise noted.)

FIGURE 7 — GAIN verus TEMPERATURE

T
110 N _GAin 1
1.05 ™
AN
10 GAIN 3
ANS B —
NS T
0.95 C GAIN 2
N
0.90 C
085 N AN
0.80 N
-60 -20 +20 +60 +100 +140
T, TEMPERATURE (C)
FIGURE 9 — GAIN versus SUPPLY VOLTAGE
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"1 L et /
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06
0.4
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FIGURE 11 — GAIN versus FREQUENCY and
SUPPLY VOLTAGE
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FIGURE 8 — GAIN versus FREQUENCY
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FIGURE 10 — GAIN versus RADJUST
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MC1733, MC1733C

TYPICAL CHARACTERISTICS (continued)
(Ve = +6.0 Vdc, VEE = -6.0 Vdc, Ta = +25°C unless otherwise noted.)

FIGURE 13 — PULSE RESPONSE versus GAIN FIGURE 14 — PULSE RESPONSE versus SUPPLY VOLTAGE
+1.6 6 -
GAINZ |
_ RL = 10ke2
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FIGURE 16 — DIFFERENTIAL OVERDRIVE

FIGURE 15 — PULSE RESPONSE versus TEMPERATURE RECOVERY TIME
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FIGURE 17 — PHASE SHIFT versus FREQUENCY FIGURE 18 — PHASE SHIFT versus FREQUENCY
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MC1733, MC1733C

TYPICAL CHARACTERISTICS {(Continued)
(Vge = +6.0 Vde, VEg = -6.0 Vde, T = +25°C unless otherwise noted.)

FIGURE 19 — INPUT RESISTANCE versus TEMPERATURE
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FIGURE 21 — OUTPUT VOLTAGE SWING and
SINK CURRENT versus SUPPLY VOLTAGE
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FIGURE 23 — OUTPUT VOLTAGE SWING versus FREQUENCY
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FIGURE 20 — INPUT NOISE VOLTAGE
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MC1733, MC1733C

APPLICATIONS INFORMATION

FIGURE 25 — VOLTAGE CONTROLLED OSCILLATOR

0 Output

2N4360 or
equiv.

Control
Voltage
V

¢ VEE
By changing the voltage V¢ the gain will
vary over a range of 10 to 400. This will
give a frequency variation about the value
sat by the capacitor and shown in Figure 26.

TAPE,DRUM OR DISC MEMORY READ AMPLIFIERS

The first of several methods to be discussed is shown in
Figure 27. This block diagram describes a simple Read cir-
cuit with no threshold circuitry. Each block represents a
basic function that must be performed by the Read circuit.
The first block, referred to as “‘amplfiication”, increases
the level of the signal available from the Read head to a
level adequate to drive the peak detector. Obviously, these
signal levels will vary depending on factors such as tape
speed, whether the system used is disc or tape, and the
type of head and the circuitry used. For a representative
tape system, levels of 7 to 26 mV for the signal from the
Read head and 2 V for the signal to the peak detector are
typical. These signal levels are “‘peak-to-peak” unless
otherwise specified. On the basis of the signal levels men-
tioned above, the overall amplification required is 38 to
49 dB.

How the overall gain requirement is implemented will
depend somewhat on the system used. For instance, a
tape cassette system with variable tape speed may utilize
a first stage for gain and a second stage primarily for gain
control. Thus, a typical circuit would utilize 35 dB in the
first stage and 10 to 15 dB in the second stage.

Devices suitable for use as amplifiers fall into one of
two categories, operational amplifiers or wideband video
amplifiers. Lower speed equipment with low transfer rates
commonly uses low cost operational amplifiers. Examples
of these are the MC1741, MC1458, MC1709, and MLM301.
Equipment requiring higher transfer rates, such as disc
systems normally use wideband amplifiers such as the
MC1733. The actual cross-over point where wideband
amplifiers are used exclusively varies with equipment de-

FIGURE 27 — TYPICAL READ CIRCUIT (METHOD 1)

Zero
vl Crossing Limiter Output
Detector

FIGURE 26 — OSCILLATOR FREQUENCY FOR
VARIOUS CAPACITOR VALUES

107
106 N
NN
\\
~ 108
) NN
w
S 104
z 1% c \\i\
=
b
g ™,
s ‘\
\
™ 10M
FREQUENCY (Hz}
sign.  For purposes of comparison, the MLM301 has

slightly less than a 40 dB open-loop gain at 100 kHz; the
MC1741, a compensated op-amp, has approximately 20 dB
open loop gain at 100 kHz; the MC1733 has approximately
33 dB of gain out to 100 MHz {depending on gain option
and loading).

There are a number of ways to implement the peak
detector function. However, the simplest and most widely
used method is a passive differentiator that generates ‘‘zero-
crossings” for each of the data peaks in the Read signal.

The actual circuitry used to differentiate the Read sig-
nal varies from a differential LC type in disc systems to a
simpfe RC type in reel and cassette systems. Either type,
of course, attenuates the signal by an amount depending
on the circuit used and system specifications. A good
approximation of attenuation using the RC type is 20 dB.
Thus, the 2 V signal going into the differentiator is reduced
to 200 mV.

The next block in Figure 27 to be discussed is the
zero-crossing detector. In most cases detection of the zero-
crossings is combined with the limiter. These functions
serve to generate a TTL compatible pulse waveform with
“edges” corresponding to zero-crossings. For fow transfer
rates, the circuit often used consists of an operational
amplifier with series or shunt limiting. For higher transfer
rates (greater than 100K B/S) comparators are used.

The method described above is often modified to in-
clude threshold sensing. In Figure 28, the function called
“double-ended, limit-detector’’ enables the output NAND
gate when either the negative or positive data peaks of the
Read signal exceed a predetermined threshold. This func-
tion can be implemented in either of two ways. One
method first rectifies the signal before it is applied to a
comparator with a set threshold. The other method utilizes
two comparators, one comparator for positive-going peaks
and the other for negative-going peaks. These comparator
outputs are then combined in the output logic gates.
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MC1733, MC1733C

APPLICATIONS INFORMATION (continued)

FIGURE 28 — READ CIRCUIT (METHOD 2)

Amplifiors Peak .
MC1733 Oetector Limiter

e —
imit Datector O
Another common technique is shown in Figure 29.
The branch labeled rectifiers, peak detector, etc., provides
a clock transition of the D flip-flop that corresponds to
the peak of both the positive and negative-going data
peaks. This branch may include threshold circuitry prior to
the peak detector. The detector in the lower path detects
whether the signal peaks are positive or negative and feeds
this data to the flip-flop. This detector can be implemented
using a comparator with pre-set threshold.

Zero
Crossing
Detector

Outputs

FIGURE 29 — READ CIRCUIT (METHOD 3}

Peak
Detector

Zero
Crossing
Detector

Amplitiers
MC1733

Rectifiers

The technique shown in Figure 30 uses separate cir-
cuits with threshold provisions for both negative and
positive peaks. The peak detectors and threshold detectors

may be implemented with two comparators and two
passive differentiators.

Each of the methods shown offer certain intrinsic ad-
vantages or disadvantages. The overall decision as to which
method to use however often involves other important
considerations. These could include cost and system re-
quirements or circuitry other than simply the Read cir-
cuitry. For instance, if cost is the predominate overall
factor, then approach one may be the only feasible
alternative.

Method four was included as a design example because
it illustrates several unique advantages. First, it uses
threshold sensing to reduce noise peak errors. Second, it
may be implemented using only integrated circuits. Third,
it offers separate, direct threshold sensing for both pos-
itive and negative peaks.

FIGURE 30 — READ CIRCUIT (Method 4)
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MOTOROLA
TECHNICAL DATA

= SEMICONDUCTOR msssnm

INTERNALLY COMPENSATED, HIGH PERFORMANCE
OPERATIONAL AMPLIFIERS

. designed for use as a summing amplifier, integrator, or amplifier with

operating characteristics as a function of the external feedback

MC1741
MC1741C

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

components,
® No Frequency Compensation Required
® Short-Circuit Protection
® Offset Voltage Null Capability
® Wide Common-Mode and Differential Voltage Ranges
® Low-Power Consumption
® No Latch Up
MAXIMUM RATINGS (Tp = +25°C unless otherwise noted)
Rating Symbol | MC1741C MC1741 Unit
Power Supply Voltage Vee +18 +22 Vdc
VEE -18 -22 Vdc
Input Differential Voltage ViD +30 Volts
Input Common Mode Voltage (Note 1) Vicm +15 Volts
Output Short Circuit Duration (Note 2) ts Continuous
Operating Ambient Temperature Range TA Oto +70 |-55t0 +125| °C
Storage Temperature Range Tstg °C
Metal and Ceramic Packages —-65to +150
Plastic Packages ~55t0 +125

NOTES:

1. For supply voltages less than +15 V, the absolute maximum input voltage is equal to the

supply voltage.

2. Supply voltage equal to or less than 15 V.

EQUIVALENT CIRCUIT SCHEMATIC

vee

3

NON INVERTING
INPUT

—

’

@

8 a ~ CASE 751

EE
(Top View)

G SUFFIX
METAL PACKAGE
CASE 601

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

U SUFFIX
CERAMIC PACKAGE
CASE 693

D SUFFIX
PLASTIC PACKAGE

! (80-8)

PIN CONNECTIONS

2% (Top View)
INVERTING " sk T F
20 L
INPUT _ T s . outeuT ORDERING INFORMATION
o Temperature
»—K ' Device Alternate Range Package
50 MC1741CD — S0O-8
74
OFFSET MC1741CG Lh:;:‘:ﬁl;, Metal Can
NULL O— v b I 0°C to +70°C :
50k - MC1741CP1 | LM741CN, Plastic DIP
10k nA741TC
ﬁ’Jv MC1741Cu — Ceramic DIP
EE
MC1741G — —55°C to Metal Can
MC1741U — +125°C [ Ceramic DIP
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MC1741, MC1741C

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

MC1741 MC1741C
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage Vio - 1.0 5.0 - 20 6.0 mV
(Rg <10 k)

Input Offset Current llo - 20 200 - 20 200 nA

Input Bias Current "B - 80 500 — 80 500 nA

Input Resistance ri 0.3 2.0 — 0.3 2.0 - M

Input Capacitance [oH - 14 - - 14 - pF

Offset Voltage Adjustment Range VIOR — +16 - - +15 - mV

Common Mode Input Voltage Range VICR +12 +13 — +12 +13 — A\

Large Signal Voltage Gain Ay 50 200 - 20 200 - V/imV
(Vo= #10V, R 220k}

Output Resistance fo - 75 - — 75 — Q

Common Mode Rejection Ratio CMRR 70 a0 - 70 90 - d8
(Rg <10k}

Supply Voltage Rejection Ratio PSRR - 30 150 — 30 150 uv/iv
(Rg <10 k)

Output Voitage Swing Vo \
(RL=10k) £12 +14 - +12 +14 -

(R 22k +10 +13 - +£10 +13 -

Output Short-Circuit Current los — 20 - - 20 - mA

Supply Current D — 1.7 28 — 1.7 28 mA

Power Consumption Pc - 50 85 — 50 85 mwW

Transient Response (Unity Gain — Non-Inverting}

(Vy=20mV, Ry > 2k, C < 100 pF) Rise Time tTLH - 0.3 - - 0.3 - s
(Vy=20mV, R > 2k, C_ < 100 pF) Overshoot os - 15 - — 15 — %
(Vi=10V, R >2k,C<100pF) Slew Rate SR - 05 - - 0.5 - Vs

ELECTRICAL CHARACTERISTICS (Voe = +15V, VEE = —15V, TA = Tiow to Thigh unless otherwise noted).

MC1741 MC1741C
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage Vio — 1.0 6.0 - — 7.5 mV
(Rg <10 k&)

Input Offset Current o nA
(Ta=125°C) - 7.0 200 - - -

(Ta =-55°C) - 85 500 - - -
(Ta = 0°C to +70°C) ~ - - - - 300

Input Bias Current B nA
(Ta =125°C) - 30 500 - - -

(T =-55°C) - 300 1500 - - =
(Ta = 0°C to +70°C) - — — - — 800

Common Mode Input Voltage Range VICR +12 +13 - - - - A\

Common Mode Rejection Ratio CMRR 70 90 — — - — dB
(Rg <10 k)

Supply Voltage Rejection Ratio PSRR - 30 150 - - - uv/iv
(Rg <10 k)

Output Voltage Swing Vo v
(R Z10k) 12 +14 - - - -
(RLZ2Kk) +10 +13 - +10 +13 -

Large Signal Volitage Gain Ay 25 - - 15 - - V/mV
(RLZ2K, Vout =210 V)

Supply Currents Ip mA
(Ta=125°C) - 15 25 - - -

(T = -55°C) - 2.0 3.3 - - -
Power Consumption (T = +125°C) Pc - 45 75 - - - mW
(Tp = -55°C) — 60 100 — — —

*Thigh = 126°C for MC1741 and 70°C for MC1741C
Tiow = ~58°C for MC1741 and 0°C for MC1741C
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MC1741, MC1741C

FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE

FIGURE 2 — RMS NOISE versus SOURCE RESISTANCE
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FIGURE 3 — OUTPUT NOISE versus SOURCE RESISTANCE FIGURE 4 — SPECTRAL NOISE DENSITY
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FIGURE 5 — BURST NOISE TEST CIRCUIT
100 k Positive
VA Threshold
Voltage
p
To Pass/Fail
Indicator
‘>
1k S
9 Operational Amplifier Low Pass
Under Test Fiter
1.0 Hz to 1 kHz

Unlike conventional peak reading or RMS meters, this system was
especially designed to provide the quick response time essential to
burst (popcorn) noise testing.

Negative
Threshold
Voltage

The test time employed is 10 seconds and the 20 1V peak
limit refers to the operational amplifier input thus eliminating
errors in the closed-loop gain factor of the operational amplifier
under test.
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MC1741, MC1741C

TYPICAL CHARACTERISTICS
(Vee =+15 Vde, VEg = -15 Vdc, Ta - +25°C unless otherwise noted)

FIGURE 6 — POWER BANDWIDTH
{LARGE SIGNAL SWING versus FREQUENCY)
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3 (VOLTAGE FOLLOWER)! \
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FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING
versus LOAD RESISTANCE
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FIGURE 10 — OUTPUT VOLTAGE SWING versus
LOAD RESISTANCE (Single Supply Operation)
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FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE
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FIGURE 9 — NEGATIVE OUTPUT VOLTAGE SWING
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FIGURE 11 — SINGLE SUPPLY INVERTING AMPLIFIER
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MC1741, MC1741C

FIGURE 12 — NONINVERTING PULSE RESPONSE
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FIGURE 13 — TRANSIENT REPONSE TEST CIRCUIT
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FIGURE 14 — OPEN LOOP VOLTAGE GAIN
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MOTOROLA MC1741S
N TOR I
* SEMiCONDYCTOR MeL741SC

HIGH SLEW RATE, INTERNALLY COMPENSATED OPERATIONAL AMPLIFIER
OPERATIONAL AMPLIFIER
SILICON MONOLITHIC

The MC17415/MC1741SC is functionally equivalent, pin com- INTEGRATED CIRCUIT
patible, and possesses the same ease of use as the popular MC1741
circuit, yet offers 20 times higher slew rate and power bandwidth.
This device is ideally suited for D-to-A converters due to its fast
settling time and high slew rate.

OFFSET
NULL
e High Slew Rate — 10 V/us Guaranteed Minimum (for unity gain only) INVT INPUT,
o No Frequency Compensation Required nonInyINg O
® Short-Circuit Protection ! 1 {Top View)
o Offset Voltage Null Capability
. . . G SUFFIX
® Wide Common-Mode and Differential Voltage Ranges METAL PACKAGE  orrser nuctll .
o Low Power Consumption CASE 601 INVT INPUT ) Pvec
NONINVT iNPUT(] [JouTPuT
® No Latch-Up veell horeser
(Top View)
TYPICAL APPLICATION OF OUTPUT CURRENT TO
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER o
: WM
Vee =50V Vref = 2.0 Vde 1 !
R1=R2 =10« DSUFle
Ro=soks P1 SUFFIX PLASTIC PACKAGE
PLASTIC PACKAGE CASE 751
s arcs] Vet CASE 626 (S0-8)

ORDERING INFORMATION

A3 0 MC1508L-8
aa0?-{ Mmciao8L Device Temperature Range Package
9 Series Vec=15V -
A5 O— MC1741SG —55°C to +125°C Metal Can
60194
A70l1 A MC1741SCD SO-8
e MC1741SCG 0°C to +70°C Metal Can
tss asot] MC1741SCP1 Plastic DIP
MC1741§
16
Vegg=-15Vv Theoretical Vg
oF WA — v,efm ) i Az, A3 LM AS AG AT AB
— vo- 1632 64 128 756
Pins not shown are not connected. Adjust Vief, R1 or RQ so that VQ with all digital inputs at high evel
Settling time to within 1/2 LSB (+19.5 mV) is approxi- isequal to 9.961 volts.
mately 4.0 ps from the time that all bits are switched.
*The value of C may be selected to minimize overshoot 5k) |- 1_ l+l* l+ 1—+L*—‘—]=IU v E] =9.961V
and ringing (C ~ 150 pF). ( ! 2 4 8 16 32 64 128 256 256 :
MC1741S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1741 versus MC1741S RESPONSE COMPARISON

10 ugDIV 10 w/DIV
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MC1741S, MC1741SC

CIRCUIT SCHEMATIC

TVCC

INVERTING
INPUT . o
- ouTPUT
— _=|
NONINVERTING [
INPUT 1 v
-
OFFSET f’
NULL k
360 360) 175 0
k

OFFSET NuLLl VEE

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

Value
Rating Symbol MC1741SC MC1741S Unit
Power Supply Voitage Vee +18 +22 Vdc
VEE -18 -22
Differential Input Signal Voltage Vip +30 Volts
Common-Mode Input Voltage Swing (See Note 1) VICR +15 Volts
Output Short-Circuit Duration (See Note 2) ts Continuous
Power Dissipation (Package Limitation) Pp
Metal Package 680 mw
Derate above Tp = +26°C 46 mWw/°c
Plastic Dual In-Line Package 625 mw
Derate above Ty = +25°C 5.0 mW/°C
Operating Ambient Temperature Range TA Oto +75 I -55t0 +125 oc
Storage Temperature Range Tstg oc
Metal Package ~65 to +150
Plastic Package ~55to +125

Note 1. For supply voltages less than +16 Vde, the absolute maximum input voltage is equal to the supply voitage.
Note 2.  Supply voltage equal to or less than 15 Vdc.

FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE

FIGURE 1 — OFFSET ADJUST CIRCUIT

e
&

00

350)

vee

QuTPUT
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TERMINALS
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<
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MC1741S, MC1741SC

ELECTRICAL CHARACTERISTICS (Vg = +15 Vde, Vgg = -15 Vdc, Ta = +26°C unless otherwise noted )

MC1741S MC1741SC
Characteristic Symbol Min Typ Max Min Typ Max Unit

Power Bandwidth (See Figure 3) BWp kHz
Ay =1,RL =20k, THD = 5%, Vo =20 Vip-p) 150 200 - 150 200 -

Large-Signal Transient Response
Slew Rate (Figures 10 and 11) SR
V(-) to Vi+} 10 20 - 10 20 - V/us
V(+) to V() 10 12 - 10 12 -

‘Settling Time (Figures 10 and 11) tsetig - 3.0 - - 3.0 - us
(to within 0.1%}

Small-Signal Transient Response

(Gain = 1, Ej, = 20 mV, see Figures 7 and 8)
Rise Time tTLH ~ 0.25 - - 0.25 - us
Fali Time TTHL - 0.26 - - 0.2% - Hs
Propagation Delay Time PLHAPHL - 0.26 - — 0.25 - us
Overshoot 0s - 20 - - 20 - %

Shart-Circuit Output Currents 108 +10 - *35 +10 - +35 mA

Open-Loop Voltage Gain (R = 2.0 k) (See Figure 4) Avol -
Vo=%10V,Ta = +25°C 50,000 | 200,000 - 20,000 | 100,000 -

Vo =10V, Ta = Tiow" 1 Thigh” 25,000 - - 15,000 - -

Output Impedance (f = 20 Hz) 25 — 75 - — 75 — Q

Input Impedance {f = 20 Hz) 41 0.3 1.0 - 03 1.0 - M

Output Voltage Swing Vo Vpk
RL = 10 k&, TA = Tiow 10 Thigh (MC1741S only} +12 +14 - 12 £14 -

RL =20k, Ta =+25°C +10 13 - +10 £13 -
Ry =20k, Tao=Tiowto Thl_g_h__ +10. - - +10 - -

tnput Common-Mode Voltage Range Vicr £12 13 - $12 13 - Vpk
Ta = Tiow 10 Thigh (MC1741S)

Common-Mode Rejection Ratio (f = 20 Hz) CMRR 70 90 - 70 90 - dB
Ta = Tiow 1© Thigh (MC1741S)

Input Bias Current (See Figure 2) lig nA
Ta = +26°C and Thigh - 200 500 - 200 500
TA=Tiow - 500 1500 - — 800

Input Offset Current ol nA
Ta = +25°C and Thigh - 30 200 - 30 200
Ta=Tiow - - 500 - - 300

Input Offset Voltage {Rg = <10 kQ2) Vol mV
Ta = +25°C - 10 5.0 - 2.0 6.0
TA = Tiow 1© Thigh - - 6.0 - - 75

DC Power Consumption (See Figure 9) Pc mwW
(Power Supply = +15 V, Vg = 0) - 50 85 - 50 85
TA = Tiow t© Thigh

Positive Voltage Supply Sensitivity PSS+ VIV
(VEgE constant) - 20 100 - 20 150
TA = Tiow to Thigh on MC17418

Negative Voltage Supply Sensitivity PSS- uviv
(Vg constant) - 10 150 - 10 150

*Tiow = 0 for MC1741SC Thigh = +70°C for MC1741SC

= -56 °C for MC17418 = +125 °C for MC1741S
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PEAK GUTPUT VOLTAGE FOR < 5% THD (VOLTS)

en, INPUT NOISE VOLTAGE (nV/JHz)

MC1741S, MC1741SC

TYPICAL CHARACTERISTICS
(Ve = +15 Vde, VEE = -156 Vdc, Ta = +25°C unless otherwise noted.)

FIGURE 3 — POWER BANDWIDTH — NONDISTORTED
OUTPUT VOLTAGE versus FREQUENCY
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FIGURE 5 — NOISE versus FREQUENCY
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FIGURE 7 — SMALL-SIGNAL TRANSIENT
RESPONSE DEFINITIONS
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FIGURE 6 ~ OUTPUT NOISE versus
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MC1741S, MC