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New Additions -

CHAPTER 2 CHAPTER 5 CHAPTER 9
MC33076 TL431,A,B MC1388
MC33201/2/4 MC13007
MC33304 c:\-lné?gg;zs MC13017
MC33102 MC10324 MC13025
ADDENDUM MC13077

CHAPTER7 MC44001

CHAPTER 3 MG4068 G44011
MC33267 MC14C89B,AB MC44144
MC33269 MC34055 MC44145
MC34023 MC34142 MC44301

MC75172B/174B MC44302
MO34025 MC44615A
MC34065-H,-L CHAPTER 8 MC44802A
MC34067 MC13135/136 MC44807/817B
MC34152 MC13155
MC34161 MC13156 CHAPTER 10
MC34165 MC13173 MC3392
MC34167 MC13175 MC33091
MC34261 MC3371/72 MC33092
MC34268 * MC33110 MC33192
MC34360 * MC33121 MC33293
MC34361 * MC33218 MC33295
UC3842B,43B ADDENDUM MC33298
UC3844B,45B MCCF33093
HB206 MANUAL MCCF33094

CHAPTER 4 MooF79076
UAA2016 *See Telecommunications Device Data (DL136)

Deletions
LF355,8 MC1709,A,C MC35181/182/184
LM108,A/208,A/308,A MC1741S,SC MC44802
LM109/209/309 MC3357 , MC75125/127
LM148 MC3397T MC75128/129
LM193,A MC3440A/41A MC8T28
MC1382 MC3446A MC8T95
MC1383 MC10318P MC8T96
MC1384 MC10320/20-1 NE592/SE592
MC1414/1514 MC13010 OP-27
MC1439/1539 MC13023 SG1525A/27A;2525A/27A
MC1454G/1554G MC13041 TDA1524A
MC1456/1556 MC33034 TDA3330
MC1458S/1558S MC33153/34153 TDA4601
MC1466L MC34013A TLOB1
MC1590G MC34063/33063/35063 ULN2074B

New Product Literature (Referenced)

AN1046 AN1122 AN1510
AN1077 AN1203
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This publication presents technical information for the broad line of Linear and Interface Integrated 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
nearest replacement and functional equivalent part numbers for other industry products.

A chapter is provided to illustrate Package Outline and includes information on Surface Mount Devices (SMD).

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.
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New Product Literature

Chapter 2 has an addendum providing applications information on operational
amplifiers.

The applications information which formerly appeared in the Motorola
Linear/Switchmode Voltage Regulator Handbook (HB206) is now included as an
addendum to Chapter 3.

An addendum covering RF applications information has been added to Chapter 8.

The Surface Mount Technology in Chapter 12 has been expanded to include
Multiple Package Quantity (MPQ) information for surface mount and TO-92
packages shipped in Tape and Reel or Ammo Pack Styles. Mechanical Polarization
drawings for the TO-92 (TO-226AA) in tape and reel plus the ammo pack styles
have also been added to Chapter 12.

Data Classification

Product Preview

This heading on a data sheet indicates that the device is in the formative stages or
in design (under development). The disclaimer at the bottom of the first page reads:
“This document contains information on a product under development. Motorola
reserves the right to change or discontinue this product without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling,
pre-production, or first production stages. The disclaimer at the bottom of the first
page reads: “This document contains information on a new product. Specifications
and information herein are subject to change without notice.”

Fully Released

Afully released data sheet contains neither a classification heading nor a disclaimer
at the bottom of the first page. This document contains information on a product in
full production. Guaranteed limits will not be changed without written notice to your
local Motorola Semiconductor Sales Office.

C-QUAM®, Designer’s, MDTL, MECL, MECL 10,000, MONOMAX, MOSAIC®, MRTL,
MTTL, MOSFET, SENSEFET, SLEEP-MODE, SMARTMOS, Switchmode, and
ZIP-R-TRIM® are trademarks of Motorola Inc.



Index and Cross Reference
e

In Brief ...

Motorola linear and interface integrated circuits cover a
much broader range of products than the traditional op
amps, regulators and consumer-image associated with
linear suppliers. Linear circuit technology currently
influences the design and architecture of equipment for all
major markets. As with other integrated circuit technologies,
linear circuit design techniques and processes have been
continually refined and updated to meet the needs of these
diversified markets.

Operational amplifiers have utilized JFET inputs for
improved performance, plus innovative design and trimming
concepts have evolved for improved high performance and
precision characteristics. In linear power ICs, basic voltage
regulators have been refined to include higher current levels
and more precise three-terminal fixed and adjustable
voltages. The power area continues to expand into switching
regulators, power supply control and supervisory circuits,

~and motor controllers.

Linear designs also offer a wide array of line drivers,
receivers and transceivers for many of the EIA, European,
IEEE and IBM interface standards. Periphéral drivers for a
variety of devices are also offered. In addition to these key
interface functions, a variety of magnetic and semiconductor
memory read, write, sense and RAM control circuits are also
available.

In data conversion, the original A-D and D-A converters
have been augmented with high performance video speed
and multiplying designs. Linear circuit technology has also
provided precision low voltage references for use in data
conversion and other low temperature drift applications.

A host of special purpose linear devices have also been
developed. These circuits find applications in telecommica-
tions, radio, television, automotive, RF communications,
and data transmission. These products have reduced the
cost of RF communications, and have provided capabilities
in telecommunications which make the telephone line
convenient for both voice and data communications. Linear
developments have also reduced the many discrete
components formerly required for consumer functions to a
few IC packages, and have made significant contributions
to the rapidly growing market for electronics in automotive
applications.

The table of contents provides a perspective of the many
markets served by linear/interface ICs and of Motorola’s
involvement in these areas.
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AM26LS¢0 Dual leferennallouad Slngle -Ended Line Dnvers 71
AM26LS31 Quad Line Driver with NAND Enabled 7-22
Three-State Outputs
AZ6L832 Quad EIA-422/423 Line Receiver 7-25
CA3054 Dual Differential Amplifier 9-27
CA3059 Zero Voltage Switches 410
CA3079 Zero Voltage Switches 410
CA3146 1-Differentially Connected and 3-Isolated 9-28
Transistor Arrays
DAGC-08 High Speed 8-Bit Multiplying 6-6
D-to-A Converter
LF347 JFET Input Operational Amplifier
LF351 JFET Input Operational Amplifier
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Dual MC1741 Operational Amplifiers 2-127

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

1-2



Alphanumeric Index (continued)

F Device Device
Number Function Page Number Function Page
MC1748C High Performance Operational Amplifiers 2-131 MC348452 Integrated Solenoid Driver 10-36
MC1776,C Micropower Programmable Operational Amplifiers | 2-135 MC348454 Integrated Solenoid Driver 10-36
MC26510 Quad Open-Collector Bus Transceiver 7-66 MC3485 Quad, Single-Ended Line Driver 7-134
MC2830 Voice Activated Switch 8-42 MC3486 Quad EIA-422/3 Line Receiver 7-139
MC2831A Low Power FM Transmitter System 8-46 MC3487 Quad EIA-422 Line Driver With Three-State 7-142
MC2833 Low Power FM Transmitter System 8-49 Output
MC3301 Quad Operational Amplifier 2144 MC3488A Dual EIA-423/EIA 232D Driver 7-146
MC3302 Quad, Single-Supply Comparator 2.56 MC3503 Quad low Poer Operational Amplifiers 2-154
MC3303 Quad Low Power Operational Amplifiers 2-154 MC3505 Dual Operational Amplifier plus Dual 2-159
MC3325 Automotive Voltage Regulator 10-8 Corflparator . .
MC3334 High Energy Ignition Circuit 10-11 MC3517 Contlnuously-VanabIe-SIope Deita *
MC3335 Low Power Narrowband FM Receiver 8-55 Mm.!ulatorlD em?dulator
MC3340 Electronic Attenuator 9100 MC3518 Continuously-Variable-Slope Delta %
MC3346 General-Purpose Transistor Array 9-103 MC3523 0’::;‘::??::::?}:2‘:"5‘" Cireut 341
MC3355 Wideband FSK Receiver 6650 MC3558 Dual LowgPower OperationalgyAmpliﬁer 2-175
'\M‘C3357 LowPower FMIF , X MC4558AC,C | Dual Wide Bandvidth Operational Amplifers 2-185
C3358 Dual, Low Power Operational Amplifier 2-175 . N
MC4741,C Quad MC1741 Operational Amplifiers 2-189
MCS359 Low Power Narrowband FM IF 560 MC6875A | MC6800 Glock Generator 7-150
MC3361B Low Voltage Narrowband FM IF 8-75 ’ N -
MC3362 Low Power Dual Conversion FM Receiver 8-82 Mcgg:i)gs Three-Terminal Positive Vollage Regulators 8125
MC3363 Low Power Dual Conversion FM Receiver 8-89 . -
MC3367 Low Voltage Single Conversion FM Receiver 897 MCTELO0A T“{f;::'e’“,;f‘g',};gxg”"em Positive 8137
MC3371 Low Power FM IF 8-106 . . -
MC78M00 Three-Terminal Medium Current Positive 3-144
MC3372 Low Power FM IF ] 8-106 Series Voltage Regulators
MC3373 Remote Control Amplifier/Detector 9-106 MC7900 Three-Terminal Negative Voltage Regulators 3-161
mggggg Il:szv g:g: ';:;:zgzg gz::z: :g;i MC79L00,A Three-Terminal Low Current Negative 3170
& Series Voltage Regulators
mggigs: guto;ngtive I:igh ;s/ige t;:ver Switch ;032 MC79Mo00 Three-Terminal Negative Voltage Regulators 3175
' uad Operational Amplifier - Series
MC3403 Quad Low Power Operational Amplifiers 2154 MC10319 High Speed 8-Bit AID Flash Converter 627
MC3405 Dual Operational Amplifier plus Dual Comparator 2-159 MC10321 High Speed 7-Bit AID Flash Converter 645
MC3417 C&nt(ijnlﬁus;gvmzbf-flope Delta * MC10322 8 Bit Video DAC with ECL Inputs 663
odulator/Demodulator MC10324 8 Bit Video DAC with ECL Inputs 668
MC3418 Continuously-Variable-Slope Delta * MC13001XP | Monomax Black-and-White TV Subsystem 9110
Modulator/Demodulator - MC13007XP | Monomax Black-and-White TV Subsystem 9110
MC3419-1L | Telephone Line-Feed Cireut ! MC13017 NTSC/PAL Chroma 10 Color TB and 9119
MC3423 Overvoltage Crowbar Sensing Circuit 3111 Timebase Processor
MC3425 Power Supply Supervisory/Over, Under- 3117 MC13020 C-QUAM® AM Stereo Decoder 9-121
' .voltage Protection Circuit MC13022 Advanced Medium Voltage AM Stereo Decoder 9-126
mg"ﬁ? . g:g: gsz:g g::g gg::::::g: ;:g; MC13024 Low Voltage Motorola C-QUAM® 9-130
- AM Stereo Receiver
MC3432 High Speed Quad Comparator 2167 MC13025 Electronically Tuned Radio Front End 9-134
MC3433 High Speed Quad Comparator 2167 MC78T00 Three-Ampere Positive Voltage Regulators 3-152
MC3437 Hex Unified Bus Receiver 7-69 Series
MC3447 Bidirectional | tation Bus Tr 772 MC13055 Wideband FSK Receiver 8-123
MC3448A Quad Three-State Bus Transceiver 7-78 MC13060 Mini-Watt Audio Output 9-137
MC3450 Quad Line Receiver 7-83 MC13077 Advanced PALNTSC Encoder 9-141
MC3452 Quad Line Receiver 7-83 MC13104 1.0 GHz Receiver LNA/MixerVCO 8130
MC3453 Quad Line Driver 7-90 MC13135 FM Communications Receivers 8131
mgg:;g . gua: T::ling Gircug g 11-41 MC13136 FM Communications Receivers 8131 |
ual, Low Power Operational Amplifier 2-175 MC13155 Wideband FM IF ' 8143
MC3467 Triple Preamplifier 7-94 MC13173 Infrared Integrated Transceiver System 8159
MC3469 Floppy Disk Write Gontrolier 7-99 MC13175 UHF FM/AM Transmitider - 8160
MC3470 Floppy Disk Read Amplifier System 7-109 MC33023 High Speed Single-Ended PWM Controlier 3187
MC3470A Floppy Disk Read Amplifier System 7-109 MC33025 High Speed Double-Ended PWM Controller 13203
MC3471 Floppy Disk Write Controller/Head Driver 7-123 MC33030 DC Servo Motor Controller/Driver ‘ 493
MC3476 Low Cost Programmable Operational Amplifier 2-181 MC33033 Brushless DC Motor Controller U436
MC3479 Stepper Motor Driver 415 MC33035 Brushless DC Motor Controller 4-57
MC3481 Quad, Single-Ended Line Driver 7-134 MC33039 Closed-Loop Brushless Motor Adapter 479

*See Telecommunication Device Data (DL136)
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Alphanumerlc Index (contmued)

_ Device . . Device . o
Nu,mber: i Functlon ‘ ~ Number | Funcﬁon ~
MC33060A Precision Switchmode Pulse Width 3-231 MCSéZM ‘ JFET Operanonal Amplifier
Modulation Gontrol Circuit MC33293 Quad Low Side Driver
MC33063A DC-to-DC Converter Control Circuit 3-243 MC33295 Quad Low Side Driver
MC33064 Undervoltage Sensing Circuit 3-252 MC33298 | Octal Output Driver .
MC33065-H, L | High Performance Dual Channel Current 3-257 MC33304 | Railto-Rail, Sleepmode Two—StaIe .
Mode Controller o Operational Amplifier -
MC33066 High Performance Resonant Mode Controller 3270 ,'M(‘;3'4001 | JFETInput Operational Amphﬁe" .
MC33067 High Performance Resonant Mode Controller 3-278 MC34002 JFETInput Operational A}npqiﬁeg .
MC33071 High Performance Single-Supply 2-284 MC34004 JFETInput Operation‘al’Afnpliﬁer
Operational Amplfier MC34010 | Electronic Telephone Circuit
MC33072 Dual, High Performance Single-Supply 2284 MC34011A | Electronic Telephone Girouit:
Operational Amplifier MC3d012 Telephone Tonengef
MC33074 Quad, High Performance Single-Supply 2-284 ~ Series .
Operational Ampifier MC34013A Speech Network and Tone Dialer
MC33076 Dual High Output Current, Low Power, 2194 MC34014 Telephone Speech Network with Dialer *
Operational Amplifier Interface
MC33077 | Dual, Low Noise Operational Ampifier - 2202 MC34017 Telephone Tone Ringer *
| MC33078 Dua!lQuad Low Noise Operational Amplifier 2-213 MC34018 Voice Switched Speakerphone Circuit *
 MC33079 Dual/Quad Low Noise Operational Amplifier 2213 MC34023 High Speed Single-Ended PWM Controller 3187
- MC33091 High Side TMOS Driver 10-41 MC34025 High Speed Double-Ended PWM Controller 3-203
| MC33092 Alternator Voltage Regulator ‘ 1054 MC34050 Dual EIA-422/423 Transceiver 7-161
MC33102 ‘ Sleep Mode Two-State Micropower 2222 MC34051 Dual EIA-422/423 Transceiver 7-161
L Operational Amplifier MC34055 1SO 88-2-3[IEEE 802.3] 10Base-T Transcelver 8177
Mcsst2o Subscriber Loop Interface Gircuit . MC34060 Switchmade Pulse Widih Modulation | 8219
MC33120 | High Performance Curent Mode comroner 3293 . Control Circult -
MG33151 . High Speed Dual MOSFET DI’IVG! 3306 MC34060A . Preceision Sw:tchmode Puise Wdﬂl
MC33152 High Speed Dual MOSFET Driver 3314 e Dgg‘gﬁ’g’;ﬂ?’:":’gﬁm‘ - .
MC33160 Microprocessor Voltage Regulator and 3307 C34063 otor Loniro: el
Sy Gt MC34084 | Undervoltage Sensing Gircuit
MC33161 Universal Voltage Moritor sazg | [MOBNESHIL “%ﬁ:mﬂg Dual c,','a"“e' c“"e“’
MC33163 Power Switching Regulator 3-343 MC34066 | High Performance R mnmﬂ M ode c ontrolleru
MC33164 M|cropow?r l{ndervonage Sensing Circuit 3-342 MC34067 High Performanw Resonant Mode mﬁ or ‘
MC33166 Power Switching Regulator 3-362 MC34071 High Performance Single-Supply S,
MC33167 Power Switching Regulator 3-375 Operational Amplifier
MC33171 Low Power, Single Supply Operational Amplifier 2234 MC34072 Dual, High Performance Single-Supply 2284
MC33172 Low Power, Single Supply Operational Amplifier 2234 Operational Amplifier
MC33174 Low Power, Single Supply Operational Ampllﬁer 3-234 MC34074 Quad, High Performance Single-Supply 2-284
MC33178 | High Output Current, Low Pawer, - - 2am Operational Amplifier
. : Operational Amplrlief - MC34080 High Speed Decompensated (Aycy 2 2) 2-300
MC3317 | High Output Current, Low Power, 2241 JFET Input Operational Ampliier
. _ Operational Amplifier " MC34085 Quad, High Speed Decompensated ) 2-300
MC33181 | Low Power JFET Input Operational Ampifier | 2311 (AveL 22) JFET Input Operational Amplifier .
MC33182. Dua! Low Power JFET Input Operational 2311 MC34114 Telephone Speec.h Network with Dialer Interface
’ ’ Amplfier . . . MC34115 Continuously Variable Slope Delta *
MC3184 | Cuad, Low Power JFET Input Operamnal | ooy Modufator/Demoduator .
] Ampkﬁer . - . MC34117 Telephone Tone Ringer .
MC33192 | MiBus nterface Stepper Motor Contioler | 1072 | | MC34118 | Voice Switched Speakerphone Cirait
MC33201 | Raibo-Rail Operational Amplfiers pps | [MCST19 | Low Power Audo Ampifier
e . . ~Mca4129 High Performance Current Mode Controller ,
MC33202 | Railto-Rail Operational Amplifiers 2251 e i
V , » e MC34142 High Performance Decoder/Sink Driver
MC33204 | Ralklo-Rail Operational Ampifiers 251 |\ Mcaatst | High Speed Dual MOSFET Driver
MC33261 Power Factor Controller 3-388 MC34152 | High Speed Dual MOSFEl' Drlver
MC33262 Power Factor Controller 3-399 MC34160 MmoprocessorVoﬂageReguIator
MC33267 Lowe Dropout Regulator 3-187 ‘ s Supervisory Circuit
MC33269 Low Dropout Postive Voltage Regulator Series 3-182 MC34161 Universal Voltage Momtor
MC33272 Low Power, Single Supply Operational 2-259 MC3a163 Power Swntchmg Regulaiof .
~Amplifiers MC34164 | Micropower Undervotage Sensing Circut
MC33274 Low Power, Single Supply Operational 2-259 MC34166 Power Switching Regulator
Amplifiers MC34167 Power Switching Monitor 3-375
MC33282 JFET Operational Amplifier 2-268

*See Telecommunication Device Data (DL136)
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Aiphanumeric Index (continued)

Device Device
Number Function Page Number Function Page

MC34181 Low Power JFET Input Operational Amplifier 2-311 SN75174 Quad EIA-485 Line Driver with Three-State 7-193
MC34182 Dual, Low Power JFET Input Operational 2-311 Output

Amplifier SN75175 Quad EIA-485 Line Receivers 7-193
MC34184 Quad, Low Power JFET Input Operational 2:311 TCA0372 Dual Power Operational Amplifier 2-320

Amplifier TCAS5600 Universal Microprocessor Power Supply/ 3-449
MC34261 Power Factor Controllers 3-388 Controller
MC34262 Power Factor Controllers 3-399 TCF5600 Universal Microprocessor Power Supply/ 3-449
MC34268 SCSI-2 Three-Terminal Voltage Regulator 3-414 Controller
MC34360 High Voltage Switching Integrated Conteroller 3-417 TCF6000 Peripheral Clamping Array 10-100
MC34361 High Voltage Switching Integrated Conteroller 3-418 TDA1085A Universal Motor Speed Controller 4-89
MC35060A | Switchmode Pulse Width Modulation 3-231 TDA1085C Universal Motor Speed Controller 4-96

Control Gircuit TDA1185A Triac Phase Angle Controller 4-106
MC35063A DC-to-DC Converter Control Circuit 3-243 TDA3190 TV Sound System 9-297
MC35071 High Performance Single-Supply 2-284 TDA3301B TV Color Processor 9-300

Operational Amplifier TLO62 Dual, Low Power JFET-Input Operational 2324
MC35072 Dual, High Performance Single-Supply 2-284 Amplifier

Operational Amplifier TLO64 Quad, Low Power JFET-Input Operational 2-324
MC35074 Quad, High Performance Single-Supply 2-284 Amplifier

Operational Amplifier TLO7A Low Noise, JFET-Input Operational 2331
MC35080 High Speed Decompensated 2-300 Amplifier

(AvcL 2 2) JFET Input Operational Amplifier TLO72 Dual, Low Noise, JFET-Input Operational 2-331
MC35085 Quad, High Speed Decompensated 2-300 Amplifier

(AvcL. > 2) JFET Input Operational Amplifier TLO74 Quad, Low Noise, JFET-Input Operational 2-331
MC35171 Low Power, Single Supply Operational Amplifier 2-234 Amplifier
MC35172 Low Power, Single Supply Operational Amplifier 2-234 TLO81 JFET Input Operational Amplifier 2-337
MC35174 Low Power, Single Supply Operational Amplifier 2-234 TLO82 Dual, JFET Input Operational Amplifier 2-337
MC44001 Chroma 4 Multistandard Video Processor 9-166 TLO84 Quad, JFET Input Operational Amplifier 2-337
MC44011 Buss Controlled Multistandard Video Processor 9-182 TL431,AB Programmable Precision References 5-17
MC44144 Subcarrier Reference 9-230 Series
MC44145 Sync Separator/Pixel Clock Generator 9-234 TL494 Switchmode Pulse Width Modulation 3-460
MC44301 High Performance Color TV IF 9-237 Control Gircuit
MC44302 Advanced Multistandard TV Video/Sound IF 9-255 TL594 Precision Switchmode Pulse Width 3-4n
MC44602 High Performance Current Mode Controller 3-419 Modulation Control Circuit
MC44615A Convergence Waveform Generator IC for - 9-258 TL780 Three-Terminal Positive Voltage Regulator 3-482

Projection TV UAA1016B Zero Voltage Controller 4-115
MC44802A PLL Tuning Circuit With 1.3 GHz Prescaler 9-275 UAA1041 Automative Direction Indicator 10-104
MC44807/17 | PLL Tuning Circuit with 3-Wire Bus 9-282 UAA2016 Zero Voltage Controller 4121
MC44810 PLL Tuning Circuit with 1.3 GHz, Prescaler 9-289 UC2842A High Performance Current Mode Controller 3-488

and D/A Section UC2843A High Performance Current Mode Controller 3-488
MC75107 Dual Line Receiver 7-172 uc2s44 High Performance Current Mode Controller 3-515
MC75108 Dual Line Receiver 7-172 UC2844B High Performance Current Mode Controller 3-528
MC75S8110 Dual Line Driver 7-177 uC2845 High Performance Current Mode Controller 3-515
MC75172B Quad EIA-485 Line Drivers with Three-State 7-182 UC2845B High Performance Current Mode Controller 3-528

Outputs UC3842A High Performance Current Mode Controller 3-488
MC75174B Quad EIA-485 Line Drivers with Three-State 7-182 UC3842B High Performance Current Mode Controller 3-501

Outputs UC3843A High Performance Current Mode Controller 3-488
MCC3334 High Energy Ignition Circuit 10-11 UC3843B High Performance Current Mode Controller 3-501
MCCF3334 High Energy Ignition Circuit 10-11 UC3844 High Performance Current Mode Controller 3-515
MCCF33093 | Ignition Control Chip 10-62 UC3844B High Performance Current Mode Controller 4-528
MCCF33094 | Ignition Control Chip 10-63 UC3845 High Performance Current Mode Controller 3-515
MCCF33095 Integral Alternator Regulator 10-64 UC3845B High Performance Current Mode Controller 3528
MCCF33096 Darlington Drive Flip-Chip 10-73 ULN2068B Quad 1.5 A Darlington Switch 7-198
MCCF79076 Ignition Control Chip 10-99 ULN2801 Octal Peripheral Driver Array 7-202
SAA1042,A Stepper Motor Driver 4-84 ULN2802 Octal Peripheral Driver Array 7-202
SG3525A Pulse Width Modulator Control Circuit 3-435 ULN2803 Octal Peripheral Driver Array 7-202
$G3526 Pulse Width Modulator Control Circuit 3-441 ULN2804 Octal Peripheral Driver Array 7-202
SG3527A Pulse Width Modulator Control Circuit 3-435 HAT78S40 Universal Switching Regulator Subsystem 3-508
SN75173 Quad EIA-485 Line Receivers 7-193
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Cross Reference

The following table represents a cross reference guide for all of Analog devices which are manufactured by Motorola. Where
the Motorola part number differs from the industry part number, the Motorola device is a “form, fit and function” replacement for

the industry part number. However, some differences in characteristics and/or specifications may exist.

Motorola Motorla Motorola Motorla
Indust Nearest Similar Indus Nearest Similar
Part Number Replacement Replacement Part Number Replacement Replacement

55110DM MC75S110L ADDAC-08HD DAC-08HQ
75107ADC MC75107L AM107 LM111J
75107APC MC75107P AM201AD LM201AN
75107BDC MC75107L AM201D LM201AN
75107BPC MC75107P AM26LS30D AM26LS30D
75108ADC MC75108L AM26LS30L AM26LS30L
75108APC MC75108P AM26ALS30P AM26LS30P
75108BDC MC75108L AM26LS31CJ AM26LS31PC
75108BPC MC75108P AM26LS31CN AM26LS31PC
75110DC MC75S110L AM26LS31DS AM261.S31DS
75110PC MC75S110P AM26LS31P AM26LS31P
75207DC MC75107L AM26LS32ACJ AM26L.S32D
75207PC MC75108P AM26LS32ACN AM26LS32APC
75208DC MC75108L AM26LS32PC AM26LS32PC
75208PC MC75108P AM26LS32P AM26LS32PC
8216 MC8T26AL AM26LS33DC MC3486L
9614DC MC75S110L AM26LS33PC MC3486P
9614DM MC75S110L AM26S10DC MC26S10L
9615DC MC75108L AM301AD LM301AJ
9616CDC MC1488L AM301D LM301AJ
9616DM MC1488L AM311D LM311J-8
90616EDC MC1488L AM723DC MC1723CL
9617DC MC1489AL AM723DM MC1723L
9620DC MC75S110L AM723P MC1723CP
9620DM MC75S110L AM741DC MC1741CU
9621DC MC75108L AM741DM MC1741U
9627DC MC1489AL AM747DC MC1747CL
9627DM MC1489AL AM747DM MC1747L
9636AT MC3488AP AN5150 MC34129P
9637T MC3486P AN5151 MC13001P
9638T MC3487P CAO81AE TLO81ACP
9640DC MC26S10L CA081AS TLO81ACJG
9640PC MC26S10P CA081CS TLO81CJG
9665DC MC1411L CAO81E TLO81CP
9665PC MC1411P CA081S TLO81MJG
9666DC MC1412L CAO082AE TLO82ACP
9666PC MC1412P CA082AS TLO82ACJG
9667DC MC1413L CA082CS TL082CJG
9667PC MC1413P CA082E TLO82CP
9668DC MC1416L CA082S TLO82MJG
9668PC MC1416P CAO84AE TLO84ACN
AD1403AN MC1403AU CAO084E TLO84CN
AD1508-8D MC1508L8 CA084S TLO84MJ
AD530 MC1595L CA1391E MC1391P
AD531 MC1595L CA139AG LM139AJ
AD532L MC1595L CA139G LM139J
AD580J MC1403U CA1458S MC1458CP1
AD580K MC1403P1 CA1558S MC1558U
AD580M MC1403AP1 CA239AE LM239AN
AD580S MC1503U CA239AG LM239AJ
AD580T MC1503AU CA239E LM239N
AD589J LM385Z-1.2 CA239G LM239J
AD589K LM385Z-1.2 CA3026 CA3054
AD589L LM385Z-1.2 CA3045F MC3346P
AD589M LM385BZ-1.2 CA3045 MC3346P
ADDAC-08CQ DAC-08CQ CA3046 MC3346P
ADDAC-08ED DAC-08EQ CA3048 MC3301P
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Cross Reference (continued)

Motorola Motorla. Motorola Motorla

Indust Nearest Similar Indust Nearest Similar
Part Number Replacement Replacement Part Number Replacement Replacement
CA3052 MC3301P DM7822J MC1489AL
CA3054 CA3054 DM7837J MC3437L
CA3058 CA3059 DM8822J MC1489AL
CA3059 CA3059 DM8822N MC1489AP
CA3079 CA3079 DMB8837N MC3437P
CA3085AF MC1723L DS1488J MC1488L
CA3086F MC3346P DS1488N MC1488P
CA308AS LM308N DS1489AJ MC1489AL
CA3091D MC1594L DS1489AN MC1489AP
CA3136A MC3346P DS1489J MC1489L
CA3146D CA3146D DS1489N MC1489P
CA3146 MC3346P DS26LS31N AM26LS31P
CA3201E TDA3301B DS26LS32N AM26LS32P
CA3210E MC13001P DS26S10CJ MC26S10L
CA3217E TDA3301B DS26S10CN MC26S10P
CA3302E MC3302N DS3486J MC3486L
CA339AE LM339AN DS3486N MC3486P
CA339AG LM339AJ DS3487J MC3487L
CA339E LM339N DS3487N MC3487P
CA339G LM339J DS3612H MC1472U
CA3401E MC3401P DS3612N MC1472P1
CA723CE MC1723CP DS3632H MC1472U
CA723E MC1723L DS3632J MC1472U
CA741CS MC1741CP1 DS3632N MC1472P1
CA741S MC1741U DS3650J MC3450L
CA747CE MC1747CL DS3650N MC3450P
CA747CF MC1747CL DS3651J MC3430L
CA747E MC1747L DS3651N MC3430P
CA747F MC1747L DS3652J MC3452L
CA748CS MC1748CP1 DS3652N MC3452P
CS2842AD uC2842BD1 DS3653J MC3432L
CS2843AD UC2843BD1 DS3653N MC3432P
CS2844D UC2844BD1 DS55107W MC75107L
CS2845D UC2845BD1 DS55110J MC75S110L
CS3471 MC3471P DS75107J MC75107L
CS3842AD UC3842BD1 DS75107N MC75107P
CS3843AD UC3843DB1 DS75108J MC75108L
CS3844D UC3844BD1 DS75108N MC75108P
CS3845D UC3845BD1 DS75110J MC755110L
D8216 MC8T26AL DS75110N MC755110P
D8226 MC8T26L DS75207J MC75107L
DAC-08CD DAC-08CD DS75207N MC75107P
DAC-08CN DAC-08CP DS752084 MC75108L
DAC-08CP DAC-08CP DS75208N MC74108P
DAC08CQ DAC-08CQ DS7837J MC3437L
DAC-08ED DAC-08ED DS7837W MC3437L
DAC-08EN DAC-08EP DS8834J MC8T26AL
DAC-08EP DAC-08EP DS8834N MCB8T26AP
DAC-08EQ DAC-08EQ DS8835J MC8T26AL
DAC-08HN DAC-08HP DS8835N MC8T26AP
DAC-08HP DAC-08HP DS8837J MC3437L
DAC-08HQ DAC-08HQ DS8837N MC3437P
DAC0800LCJ DAC-08EQ DS8922A MC34051P
DACO0800LCN DAC-08EP DS8923A MC34050P
DACO0801LCJ DAC-08CQ DS9636ACN MC3488AP1
DACO0801LCN DAC-08CP ICL741CLNPA MC1741CP1
DAC0802LCJ DAC-08HQ ICL741CLNTY MC1741CP1
DAC0802LCN DAC-08HP ICL8001CTZ LM111J
DACO0808LCJ MC1408L8 ICL8001MTZ LM111J
DACO0808LCN MC1408P8 ICL8008CPA LM301AN
DAC0808LD MC1508L8 ICL8808CTY LM301AN
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ICL8013A
ICL8013B
ICL8013C
ICL8017CTW
ICL8017MTW
ICL8069CCZR
ICL8069DCZR
IP33063N
IP34060AN
IP34063N
1P35063J
IP3525AJ
IP3525AN
1P3526J
IP3526N
1P3527AJ
IP3527AN
IP494ACJ
IP494ACN
IP494AJ
ITT3710
ITT652
ITT654
ITT656
L144AP

L201

L202

L203

L387

L583
LF347BN
LF347N
LF351AN
LF351BN
LF351N
LF352D
LF353AN >
LF353BN
LF353D
LF353N
LF356BJ
LF356BN
LF356JG
LF356J
LF356N
LF356P
LF357BJ
LD357BN
LD357JG
LF357J
LF357N
LF357P
LF411CD
LF411CH
LF412CD
LF412CH
LF441CD
LF441CN
LF442CD
LF442CN

MC33063AP1
MC34060AP
MC34063AP1
MC35063AU
SG3525AJ
SG3525AN
SG3526J
SG3526N
SG3527AJ
SG3527AN

MC1411P
MC1412P
MC1413P

MC1411P

MC1412P
MC1413P

LF347BN
LF347N
LF351N
MC34002AP
MC34002BP
LF353D

LF353N
LF356BJ

LF356J

LF357BJ

LF357J

LF411CD
LF411CD

LF441CD
LF441CN
LF442CD
LF442CN

MC1594L
MC1594L
LM301AN
LM301AN
LM384BZ-1.2
LM385BZ-1,2

TL594IN
TL594CN
TL594MJ
MC1391P

LM324N

MC33267
MC3484S2

M634091 AP
MC34001BP

LF355J

LF356J
LF356J

LF356J
LF356J

LF357BJ
LF357J

LF357J
LF357J

MC34001AG

MC34002AG

LF444CN
LF351AN
LM101AJ-14
LM101AJG
LM101AJ
LM101D
LM101J-14
LM1035
LM107L
LM111J-8
LM111JG
LM11CLN
LMI1CN
LM124AD
LM124AJ
LM124J
LM124N
LM139AJ
LM139J
LM139N
LM1408J8
LM1408N8
LM1489AN
LM1489J
LM1489N
LM1496J
LM1496N
LM14gJ
LM158JG
LM158J
LM1558J
LM1596J
LM163J
LM1849A
LM1889
LM1900D
LM1981
LM201AD
LM201AJ-14
LM201AJG
LM201AJ
LM201AN
LM201AP
LM201J-14
LM201J
LM211D
LM211J-8
LM211JG
LM211M
LM212H
LM224AF
LM224AJ
LM224D
LM224J
LM224M
LM224N
LM239AJ
LM239AN
LM239D

LF444CD
LF444CN

LM101AJ
LM101AJ

MC1741L
LM111J-8
LM111J-8
LM11CLN
LM11CN

LM124J
LM124N
LM139AJ
LM139J
MC1391P

MC1489AP
MC1489L
MC1489P
MC1486L
MC1496P

LM158J
MC1558U
MC1596L

LM201AD ..

LM201AJ
LM201AJ
LM201AN

LM201AJ
LM211D
LM211J-8
LM211J-8
LM211D

LM224D
LM224J
LM224D
LM224N
LM239AJ
LM239AN
LM239D

MC34001AP
LM101AJ

LM101AJ
LM101AJ
TCA5550

LM124J
LM1244

MC1408L8
MC1408P8

MC4741L
LM158J

MC3450L
MC348452
MC1374P
MC3301P
MC13020P

LM201AJ

LM201AN
LM201AJ

MC1456U
LM224J
LM224J

¥

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

1-8




Cross Reference (continued)

Motorola Motorla . Motorola Motorla
__ Indust Nearest Similar Indust Nearest Similar
_Part Number Replacement Replacement Part Num Replacement Replacement
LM239J LM239J LM3089 MC3356P
LM23gM LM239D LM311D LM311D
LM239N LM239N LM311J-8 LM311J-8
LM240LAZ-12 MC78L12ACP LM331JG LM311J-8
LM240LAZ-15 MC78L15ACP LM311M LM311D
LM240LAZ-18 MC78L18ACP LM311N-14 LM311J-8
LM240LAZ-24 MC78L24ACP LM311N LM311N
LM240LAZ-5.0 MC78LO5SACP LM311P LM311N
LM204LAZ-6.0 MC78LO5ACP LM3146A MC3346P
LM240LAZ-8.0 MC78LO8ACP LM3146 MC3346P
LM248J LM248J LM317KC LM317T
LM248N LM248N LM317KD LM317T
LM249J MC4741L LM317LD LM317LD
LM249N MC4741P LM317LZ LM317LZ
LM258D LM258D LM317MP LM317MT
LM258J LM258J LM317P LM317T
LM258M LM258D LM317T LM317T
LM258N LM258N LM3189 MC3356P
LM285Z-1.2 LM258Z-1.2 LM320LZ-12 MC79L12ACP
LM285Z-2.5 LM258Z-2.5 LM320LZ-15 MC79L15ACP
LM2900N LM2900N LM320LZ-5.0 MC79LO5ACP
LM2901D LM2901D LM320MP-12 MC7912CT
LM2901M LM2301D LM320MP-15 MC7915CT
LM2901N LM2901N LM320MP-18 MC7918CT
LM2902D LM2902D LM320MP-24 MC7924CT
LM2902J LM2902J LM320MP-5.0 MC7905CT
LM2902M LM23902D LM320MP-5.2 MC7905.2CT
LM2902N LM2902N LM320MP-6.0 MC7906CT
LM2903D LM2903D LM320MP-8.0 MC7908CT
LM2903M LM2903D LM320T-12 MC7912CT
LM2903N LM2903N LM320T-15 MC7915CT
LM2903P LMggOSN LM320T-5.0 MC7905CT
LM2904J LM2904J LM320T-5.2 MC7905.2CT
LM2904M LM2904D LM322N MC1455P1
LM2904N LM2904N LM323AT LM323AT
LM2905N MC1455P1 LM323T LM323T -
LM2931ACT LM2931ACT LM324AD LM324AD ‘-
LM2931AD-5.0 LM2931AD-5.0 LM324AJ B LM324J
LM2931AT-5.0 LM2931AT-5.0 LM324AN LM324AN '
LM2931AZ-5.0 LM2931AZ-5.0 LM324D LM324D
LM2931CD LM2931CD LM324J LM324J
LM2931CM LM2931CD LM324M LM324D
LM2931CT LM2931CT LM324N LM324N
LM2931D-5.0 LM2931D-5.0 LM325AN MC1468L
LM2931D LM2931D LM325N MC1468L
LM2931T-5.0 LM2931T-5.0 LM326N MC1468L
LM2931Z-5.0 LM2931Z-5.0 LM328AN MC1468L
LM2935T MC2935T LM328N MC1468L
LM293D LM293D LM3301N MC3301L
LM301AD LM301AD LM3302J MC3302L
LM301AJG LM301AJ LM3302N MC3302P
LM301AJ LM301AJ LM337MP LM337MT
LM301AM LM301AD LM337MT LM337MT
LM301AN LM301AN ) LM337T LM337T
LM301AP LM301AN LM339AD LM339AD
LM3026 CA3054 LM339AJ LM339AJ
LM3045 MC3346P LM339AM LM339AD
LM3046N MC3346P - LM339AN LM339AN
LM3054 CA3054 LM339D LM339D
LM307N LM307N LM339J LM339J
LM307g LM307N LM339N LM339N

o
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~ Part Number
LM339P
LM3401N
LM340AT-12
LM340AT-15
LM340AT-5.0
LM340KC-12
LM340KC-15
LM340LAZ-12
LM340LAZ-18
LM340LAZ-24
LM340LAZ-5.0
LM340LAZ-8.0
LM340T-12
LM340T-15
LM340T-18
LM340T-24
LM340T-5.0
LM340T-6.0
LM340T-8.0
LM341P-12
LM341P-15
LM341P-18
LM341P-24
LM341P-5.0
LM341P-6.0
LM341P-8.0
LM342P-12
LM342P-15
LM342P-18
LM342P-24
LM342P-5.0
LM342P-6.0
LM342P-8.0
LM348D
LM348J
LM348M
LM348N
LM349J
LM349N
LM350T
LM358AN
LM358D
LM358JG
LM358J
LM358M
LM358N
LM363AJ
LM363AN
LM363J
LM363N
LM385BZ-1.2
LM385BZ-2.5
LM385D-1.2
LM385D-2.5
LM385M-1.2
LM385M-2.5
LM385Z-1.2
LM385Z-2.5
LM386N
LM3900D
LM3900J

MC3401P
LM340AT-12
LM340AT-15
LM340AT-5.0
LM340T-12
LM340T-15

LM340T-12
LM340T-15
LM340T-18
LM340T-24
LM340T7-5.0
LM340T-6.0
LM340T-8.0

LM348D
LM348J
LM348D
LM348N

LM350T

LM358D
LM358J
LM358J
LM358D
LM358N

LM385BZ-1.2
LM385BZ-2.5
LM385D-1.2
LM385D-2.5
LM385D-1.2
LM385D-2.5
LM385Z-1.2
LM385Z-2.5

LM3300D
LM3900J

LM339N

MC78L12ACP
MC78L18ACP
MC78L24ACP
MC78LO5ACP
MC78LO8ACP

MC78M12CT
MC78M15CT
MC78M18CT
MC78M24CT
MC78M05CT
MC78M06CT
MC78M08CT
MC78M12CT
MC78M15CT
MC78M18CT
MC78M24CT
MC78MO5CT
MC78M06CT
MC78MO08CT

MC4741CL
MC4741CP

LM358N

MC3450L
MC3450P
MC3450L
MC3450P

MC34119P

~ Part Number

| Lm3gooN LM3900N
LM3905N
LM393AN LM393AN
LM393D LM393D
LM393JG
LM393M LM393D
LM393N LM393N
LM4250CN
LM55108J
LMS5110J
LM555CN MC1455P1
LM556CD MC3456L
LM556CJ MC3456L
LMS56CN MC3456P
LM556L MC3456L
LM703LN
LM723CD MC1723CL
LM723CJ MC1723CL
LM723CN MC1723CP
LM723) MC1723L
LM741CD MC1741CL
LM741CJ-14 MC1741CL
LM741EJ
LM741EN
LM747CD MC1747CL
LM748CN MC1748CP1
LM75107AN MC75107P
LM75108AJ MC75108L
LM75108AN MC75108P
LM75110J MC755110L
LM75110N MC75S110P
LM75207L
LM75207N
LM75208J
LM75208N
LM7805CT MC7805CT
LM7812CT MC7812CT
LM7815CT MC7815CT
LM78LOSACZ MC78LOSACP
LM78L05CZ MC78LOSCP
LM78LOSACZ MC78LOBACP
LM78L08CZ MC78LO8CP
LM78L12ACZ MC78L12ACP
LM78L12CZ MC78L12CP
LM78L15ACZ MC78L15ACP
LM78L15CZ MC78L15CP
LM78L18ACZ MC78L18ACP
LM78L18CZ MC78L18CP
LM78L24ACZ MC78L24ACP
LM78L24CZ MC78L24CP
LM78MOBCP
LM78M12CP
LM78M15CP
LM7905CT MC7905CT
LM7912CT MC7912CT
LM7915CT MC7915CT
LM79LO5SACZ MC79LO5ACP
LM79L12ACZ MC79L12ACP
LM79L15ACZ MC78L15ACP
LM79MO5CP
LM78M12CP

Motorla

___ Similar
_ Replacement

MC1455P1

LM393N

MC1776CP1
MC75S110L
MC75S110L

MC1350P

MC1741CU
MC1741CP1

MC75107L
MC75107P
MC75108L
MC75108P

MC78M05CT
MC78M12CT
MC78M15CT

MC79M05CT
MC79M12CT
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Industry

LM79M15CP
LM833D
LM833N
LM833P
LM837N
LMC6482D
LMC6482P
LMC6484D
LMC6484P
LT1083
MB3759
MP5531CP
MP5531DP
MP5532CP
MP5532DP
N5558F
N5558V
N5595A
N5595F
N5596A
N5723A
N5741A
N5741V
N5747A
N5747F

N8T15F
N8T16A
N8T26AB
N8T26AE
N8T26AJ
N8T26AN
N8T26B
N8T26J
N8T26N
N8T37A
N8T97B
N8T97F
N8T97N
N8T98B
N8T98F
N8T98N
NES50A
NE555JG
NE555D
NE555V
NE556D
NES56F
NE5561FE
NES561N
NE5234D
NE5234P
OP-01P
PWM125CK
RC1458DN
RC1488DC
RC1489ADC
RC1489DC
RC3302DB
RC4136DP
RC4136D

Cross Reference (continued)

Part Number

NBT5A

Motorola Motorla Motorola Motorla
Nearest Similar Indust Nearest Similar
Replacement Replacement Part Number Replacement Replacement
MC79M15CT RC4136J MC3403L
LM833D RC4136N MC3403P
LM833N RC4194DC MC1468L
LM833N RC4195NB MC1468L
MC33079P RC4558DN MC4558CP1
MC33202D RC4558JG MC4558CU
MC33202P RC4458P MC4558CP1
MC33204D RC723DB MC1723CP
MC33204P RC723DC MC1723CL
MC34268 RC723D MC1723CL
TL494CN RC741DN MC1741CP1
MC1404U5 RC747D MC1747CL
MC1404U5 RC75107ADP MC75107P
MC1404U10 RC75107AD MC75107L
MC1404U10 RC75108ADP MC75108P
MC1458U RC75108AD MC75108L
MC1458P1 RC75109DP MC75S110P
MC1495L RC75109D MC75S110L
MC1495L RC75110DP MC75S110P
MC1496L RC75110D MC75S110L
MC1723CP REF-01CJ MC1404U10
MC1741CP1 REF-01CP MC1404U10
MC1741CP1 REF-01CZ MC1404U10
MC1747CL REF-01DJ MC1404U10
MC1747CL REF-01DP MC1404U10
MC1488L REF-01DZ MC1404U10
MC1488L REF-02CJ MC1404U5
MC1489L REF-02CP MC1404U5
MC8T26AP REF-02CZ, MC1404U5
MC8T26AL REF-02DJ MC1404U5
MC8T26AL REF-02DP MC1404U5
MC8T26AP REF-02DZ MC1404U5
MC8T26AP RM4136D MC3503L
MC8T26AL RM4136J MC3503L
MC8T26AP RM4194DC MC1568L
MC3437P RM4558D MC4558U
MC8T97P RM4558JG MC4558U
MC8T97L RM723DC MC1723L
MC8T97P RM723D MC1723L
MC8T98P RM741DP MC1741L
MC8T98L RM747D MC1747L
MC8T98P RV3301DB MC3301P
MC1723CP S5558E MC1558U
MC1455U S5596F MC1596L
MC1455D SA555N MC1455BP1
MC1455P1 SAA1042A SAA1042AV
NE556D SAA1042 SAA1042V
MC3456L SG107J MC1741L
MC34060AL SG107T MC1741L
MC34060P SG111D LM111J
MC33204D SG124J LM124J
MC33204P SG1402N MC1594L
MC1436P1 SG1402T MC1594L
SG3525AJ SG1436M MC1436U
MC1458P1 SG1458M MC1458P1
MC1488L SG1468J MC1468L
MC1489AL SG1468N MC1468L
MC1489L SG1495D MC1495L
MC3302P SG1495N MC1495L
MC3403P SG1496D MC1496L
MGC3403L SG1496N MC1496P
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Cross Reference (continued)

. Motorola Motorla J
Indust Nearest Similar |
Part Number Replacement Replacement
SG1501AD MC1568L
SG1501AJ MC1568L
SG1501AJ MC1568L
SG1502D MC1568L
SG1502J MC1568L
SG1502N MC1568L
SG1503T MC1503U
SG1503Y MC1503U
SG1524J TL494MJ
SG1568J MC1568L
SG1595D MC1595L
SG1596D MC1596L
SG201AM LM201AN
SG201AN LM201AN
SG201M LM201AN
SG201N LM201AN
SG211D LM211J-8
SG211M LM211J-8
SG224J LM2244
SG224N LM224N
SG2402N MC1494L
SG2402T MC1494L
SG2501AD MC1468L
SG2501D MC1468L
S$G25014 MC1468L
SG2501N MC1468L
SG2502J MC1468L
SG2502N MC1468L
SG2503M MC1403AU
SG2503T MC1403AU
SG2503Y MC1403AU
SG300N MC1723CP
SG301AM LM301AN
SG301AN LM301AN
SG307J LM307N
SG307M LM307N
SG307N LM307N
SG308AM LM308AN
SG311D LM311J
SG311M LM311N
SG317P LM317T
SG317R LM317T
SG324J LM324J
SG324N LM324N
SG337P LM337T
SG337R LM337T
SG3402N MC1494L
SG3402T MC1494L
SG3423M MC3423P1
SG3423Y MC3423U
SG3501AD MC1468L
SG3501AJ MC1468L
SG3501AN MC1468L
SG3501D MC1468L
SG3501J MC1468L
SG3501N MC1468L
SG3502D MC1468L
SG3502J MC1468L
SG3502N MC1468L
SG3503M MC1403U
SG3503T MC1403U

. Indust
_ Part Number
SG3503Y
SG3523Y
SG3524J
SG3525AJ
SG3525AN
SG3526J
SG3526N
SG3527AJ
SG3527AN
SG3561
SG4194CJ
SG4194J
SG4250CM
SG4501D
SG4501J
SG4501N
SG555CM
SG556CJ
SG556CN
SG556J
SG723CD
SG723CJ
SG723CN
SG723D
SG723J
SG741CM
SG747CJ
SG747CN
SG747J
SG748CD
SG748CM
SG748CN
SG777CN
SG7805ACP
SG7805ACR
SG7805ACT
SG7805CP
SG7806ACP
SG7806ACR
SG7806ACT
SG7806CP
SG7806CR
SG7808ACP
SG7808ACT
SG7808CP
SG7808CR
SG7812ACP
SG7812ACR
SG7812ACT
SG7812CP
SG7812CR
SG7815ACP
SG7815ACR
SG7815ACT
SG7815CP
SG7815CR
SG7815CT
SG7818ACP
SG7818ACR
SG7818ACT
SG7818CP

SG3525AJ
SG3525AN
SG3526J
SG3526N
SG3527AJ
SG3527AN
MC34261

MC1468L

MC1455P1

MC3456P
MC3456L

MC1723CL
MC1723CP

MC1723L
MC1741CP1
MC1747CL

MC1747CP2
MC1747L

MC7805ACT

MC7805CT
MC7806ACT

MC7806CT

MC7808ACT

MC7808CT

MC7812ACT

MC7812CT

MC7815ACT

MC7815CT

MC7818ACT

MC7818CT

~ Motorla
Similar

~ Replacement

MC3523U
TL494CJ

MC1468L
MC1568L
MC1775CP1

MC1468L
MC1468L

MC3456L

MC1723CL

MC1723L

MC1748CP1
MC1748CP1
MC1748CP1
LM308AN
MC7805ACT
MC7805ACT
MC7806ACT
MC7806ACT
MC7806CT
MC7808ACT
MC7808CT

MC7812ACT
MC7812ACT

MC7812CT

MC7815ACT
MC7815ACT

MC7815CT
MC7815CT

MC7818ACT
MC7818ACT

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

1-12




Cross Reference (continued)

Motorola Motorla Motorola Motorla

Indust Nearest Similar Industi Nearest Similar
Part Number Replac t Repl Part Number Replacement Replacement
SG7818CR MC7818CT SN75189AJ MC1489AL
SG7824ACP MC7824ACT SN75189AN MC1489AP
SG7824ACR MC7824ACT SN75189J MC1489L
SG7824ACT MC7824ACT SN75189N MC1489P
SG7824CP MC7824CT SN75207J MC75107L
SG7824CR MC7824CT SN75207N MC75107P
SG7905.2CP MC7905.2CT SN75208J MC75108L
SG7905.2CR MC7905.2CT SN75208N MC75108P
SG7905.2CT MC7905.2CT SN75251N MC3471P
SG7905ACP MC7905ACT SN75466J MC1411L
SG7905ACR MC7905ACT SN75466N MC1411P
SG7905ACT MC7905ACT SN75467J MC1412L
SG7905CP MC7905CT SN75467N MC1412P
SG7905CR MC7905CT SN75468J MC1413L
SG7905CT MC7905CT SN75468N MC1413P
SG7908CP MC7908CT SN75475JG MC1472U
SG7908CR MC7908CT SN75475P MC1472P1
SG7908CT MC7908CT SN76514N MC1496P
SG7912ACP MC7912ACT SN76591P MC1391P
SG7912ACR MC7912ACT SN76600P MC1350P
SG7912ACT MC7912ACT SSS140BA-8Z MC1408L8
SG7912CP MC7912CT SSS150BA-8Z MC1508L8
SG7912CR MC7912CT SSS201AP LM201AN
SG7912CT MC7912CT SSS301AP LM301AN
SG7915ACP MC7915ACT SSS747BP MC1747L
SG7915ACR MC7915ACT SSS747CP MC1747CL
SG7915ACT MC7915ACT SSS747GP MC1747L
SG7915CP MC7915CT SSS747P MC1747L
SG7915CR MC7915CT TA7179P MC1468L
SG7915CT MC7915CT TA7504P MC1741CP1
SG7918CP MC7918CT TA7506P LM301AN
SHB8090FM MC1508L8 TA75071P MC34001P
SN75107AJ MC75107L TA75072P MC34002P
SN75107AN MC75107P TA75074F MC34004P
SN75107BJ MC75107L TA75339F LM339D
SN75107BN MC75107P TA75339P LM339N
SN75108AJ MC75108L TA75358CF LM358D
SN75108AN MC75108P TA75358CP LM358N
SN75108BJ MC75108L TA75393F LM393D
SN75108BN MC75108P TA75393P LM393N
SN75110AJ MC75S110L TA75458F MC1458D
SN75110AN MC75S110P TA75458P MC1458CP1
SN75121J MC3481/5L TA75558P MC4558CP1
SN75121N MC3481/5P TA7555F MC1455D
SN75125N MC3481/5L TA7555P MC1455P1
SN75126J MC3481/5L TA75902F LM324D
SN75126N MC3481/5P TA76494P TL494IN
SN75150J MC1488L TA78005AP MC7805CT
SN75150N MC1488P TA78006AP MC7806CT
SN75154J MC1489L TA78008AP MC7808CT
SN75154N MC1489P TA78012AP MC7812CT
SN75160J MC3447L TA78015AP MC7815CT
SN75160N MC3447P/P3 TA78018AP MC7818CT
SN75172N MC75172BP TA78024AP MC7824CT
SN75173J SN75173J TA78LO05AP MC78LO5ACP
SN75173N SN75173N TA78LO05P MC78LO5CP
SN75174N MC75174BP TA78LO08AP MC78LOSACP
SN75175J SN75175J TA78LO08P MC78L08CP
SN75175N SN75175N TA78L012AP MC78L12ACP
SN75188J MC1488L TA78L012P MC78L12CP
SN75188N MC1488P TA78LO15AP MC78L15ACP

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA




Cross Reference (continued)

Motorola Motorla Motorola Motorla
Industry Nearest Similar Indust Nearest Similar
Part Number Replacement Replacement Part Number Replacement Replacement
TA78L015P MC78L15CP TLO71ACJG TLO71ACJG
TA78L018AP MC78L18ACP TLO71ACP TLO71ACP
TA78L018P MC78L18CP TLO71CD TLO71CD
TA78L024AP MC78L24ACP TLO71CJG TLO71CJG
TA78L024P MC78L24CP TLO71CP TLO71CP
TA78MO5P MC78M05CT TLO71MJG TLO71MJG
TA78MO06P MC78M06CT TLO72ACD TLO72ACD
TA78MO08P MC78M08CT TLO72ACJG TLO72ACJG
TA78M12P MC78M12CT TLO72ACP TLO72ACP
TA78M18P MC78M18CT TLO72CD TLO72CD
TA78M20P MC78M20CT TL072CJG TLO72CJG
TA78M24P MC78M24CT TLO72CP TLO72CP
TA79005P MC7905CT TLO72MJG TLO72MJG
TA79006P MC7906CT TLO74ACJ TLO74ACJ
TA79008P MC7908CT TLO74ACN TLO74ACN
TA79012P MC7912CT TLO74CJ TLO74CJ
TA79015P MC7915CT TLO74CN TLO74CN
TA79018P MC7918CT TLO74MJ TLO74MJ
TA79024P MC7924CT TLO81ACD TLO81ACD
TA79L005P MC79L05CP TLOB1ACJG TLO81ACJG
TA79L012P MC79L12P TLO81ACP TLO81ACP
TA79L015P MC79L15P TLO81CD TLO81CD
TA79L018P MC79L18P TLOB1CJG TLO81CJG
TA79L024P MC79L24P TLO81CP TLO81CP
TB920 MC1391P TLO81MJG TLO81MJG
TBA920S MC1391P TLO82ACJG TLO82ACJG
TCA5600 TCA5600 TLO82ACP TLO82ACP
TCF5600 TCF5600 TLO82CD TL082CD
TD62001P/AP MC1411P TLO82CJG TLO82CJG
TD62002P/AP MC1412P TLO82CP TLO82CP
TD62003P/AP MC1413P TLO82MJUG TLO82MJG
TD62477P MC1472P TLOB4ACJ TLO84ACJ
TD62479P MC1374P TLOB4ACN TLO84ACN
TDA1085A TDA1085A TLO84CJ TLO84CJ
TDA1085C TDA1085C TLO84CN TLO84CN
TDA1085 TDA1085C TLO84MJ TLO84MJ
TDA1185A TDA1185A TL1431 TL431
TDA3301B TDA3301B TL431CD TL431CD
TDA4817 MC34261 TL431CJG TL431CJG
TDC1048 MC10319P TL431CLP TL431CLP
TLC2272D MC33202D TL431CP TL431CP
TLC2272P MC33202P TL4311G TL431UG
TLC2274D MC33204D TL431ILP TL431ILP
TLC2274P MC33204P TL431IP TL431IP
TL022CJG LM358J TL431MJG TL431MJG
TLO22CP LM358N TL494CJ TL494CJ
TLO22MJG LM158J TL494CN TL494CN
TLO44CJ LM324N TL4941J TL4941J
TLO44MJ LM124J TL494IN TL494IN
TLO62ACP TLO62ACP TL494MJ TL494MJ
TLO62CD TL062CD TL497CJ MC34063AU
TLO62CP TLO62CP TL497CN MC34063AP1
TLO62MJG TLO62MJG TL497MJ MC35063AU
TLOB2VP TLO62VP TL594CN TL594CN
TLO64ACD TLO64ACD TL594IN TL594IN
TLO64ACN TLO64ACN TL594MJ TL594MJ
TLO64CD TLO64CD TL780-05CKC TL780-05CKC
TLO64CN TLO64CN TL780-12CKC TL780-12CKC
TLO64MJ TLO64MJ TL780-15CKC TL780-15CKC
TLO64VN TLO64VN TL7805ACKC MC7805ACT
TLO71ACD TLO71ACD pA0802DC-1 MC1408L8
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Cross Reference (continued)

i Motorola Motorla Motaorola Motorla

. Industry Nearest Similar Industry Nearest Similar

- ‘KPars Number Replacement Replacement Part Number Replacement Replacement
puA0802DC-2 MC1408L8 HA741CP MC1741CP1
uA0802DC-3 MC1408L8 HA741MJG MC1741U
uA0802DM-1 MC1508L8 HA741RC MC1741CU
HA0802PC-1 MC1408pP8 HA741RM MC1741U
HA0802PC-2 MC1408P8 HA742DC CA3059
uA0802PC-3 MC1408P8 uA747ADM MC1747L
HA101AD LM101AJ HA747CN MC1747CP2
HA101AF LM101AJ HA747DC MC1747CL
pA101D LM101AJ HA747DM MC1747L
UA101F LM101AJ MA747EDC MC1747CL
pA1391PC MC1391P HA747MJ MC1747L
HA1458CP MC1458CP1 HA747PC MC1747CP2
pHA1458CRC MC1458CU HA748CP MC1748CP1
pA1458CTC MC1458CP1 UA748TC MC1748CP1
HA1458P MC1458P1 pA757DC MC1350P
uA1458RC MC1458U uA757DM MC1350P
HA1458TC MC1458P1 pA775DC LM339J
HA201AD LM201AJ wA775DM LM339J
HA201AF LM201AJ uA775PC LM339N
nA201D LM201AJ . nA776TC MC1776CP1
HA201F LM201AJ nA7805CKC MC7805CT
pnA2240DC MC1455U pA7805UC MC7805CT
uA2240PC MC1455P1 HA7805UV MC7805BT
HA301AD LM301AJ nA7806CKC MC7806CT
HA301AT LM301AN nA7806UC MC7806CT
uA3026HM CA3054 RA7806UV MC7806BT
uA3045 MC3346P uA7808CKC MC7808CT
nA3046DC MC3346P nA7808UC MC7808CT
nA3054DC CA3054P HA7808UV MC7808BT
HA307T LM307N HA7812CKC MC7812CT
MASTIT LM311N nA7812UC MC7812CT
uA317UC LM317T pHA7812UV MC7812BT
uA3301P MC3301P nA7815CKC MC7815CT
HA3302P MC3302P nA7815UC MC7815CT
nA3303P MC3303P HA7815UV MC7815BT
uA3401P MC3401P nA7818CKC MC7818CT
HA3403D MC3403L HA7818UC MC7818CT
uA3403P MC3403P nA7818UV MC7818BT
uA4136DC MC4741CL nA7824CKC MC7824CT
HA4136DM MC4741L nA7824UC MC7824CT
uA4136PC MC4741CP nA7824UV MC7824BT
uA431AWC TL431CP nA78GU1C LM317T
uA4558TC MC4558CP1 nA78GUC LM317T
nA494DC TL494CJ nA78LOSACLP MC78L0O5ACP
nA494DM TL494MJ HA78LOSAWC MC78L0O5ACP
HA494PC TL494CN nA78LOSCLP MC78L05CP
UAS55TC MC1455P1 uA78LOSWC MC78LO5CP
nA556DC MC3456L HA78LOSACLP MC78L08ACP
uA556PC MC3456P HA78LOBAWC MC78LOBACP
uA723CF MC1723CL nA78L08CLP MC78L.08CP
HA723CJ MC1723CL nA78L12ACLP MC78L12ACP
pnA723CN MC1723CP uA78L12AWC MC78L12ACP
nA723DC MC1723CL uA78L12CLP MC78L12CP
nA723DM MC1723L HA78L12WC MC78L12CP
nA723F MC1723L HA78L15ACLP MC78L15ACP
HA723MJ MC1723L pA78L15AWC MC78L15ACP
nA723PC MC1723CP nA78L15CLP MC78L15CP )
pA734DC LM311J . LA78L15WC MC78L15CP
nA734DM LM311J HA78L18AWC MC78L18ACP
wA741ADM MC1741L RA78L24AWC MC78L24ACP ‘
pA741CJG MC1741CU nA78MO5CKC M78MO5CT ‘J

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
1-15



Cross Reference (continued)

. __ Motorola __ Motorla | Motorola
‘ Indush‘lé ~_ Nearest Similar _ Industry ~_ Nearest
Part Number Replacement . Replacement . PartNumber | Replacement
pA78MO5CKD MC78M0O5CT nA79M12AUC MC79M12CT
pA78M0O5UC MC78M05CT pA79M12CKC MC79M12CT
HA78MO6CKC MC78M06CT HA79M18AUC

nA78M06CKD MC78M06CT HA79M18UC

HA78MO6UC MC78M06CT ) HA79M24AUC

HA78M0O8CKC MC78M08CT RA79M24CKC

pA78MO8CKD MC78M08CT HA79M24UC

RA78M0O8UC MC78M08CT HA9636ATC MC3488AP1
pA78M12CKC MC78M12CT UAA1016B UAA1016B
nA78M12CKD MC78M12CT UC2842AD UC2842AD
nA78M12UC MC78M12CT UC2842AJ UC2842AJ
pA78M15CKC MC78M15CT UC2842AN UC2842AN
nA78M15CKD MC78M15CT UC2842BD uc2842BD
pA78M15UC MC78M15CT UC2842BN UC2842BN
HA78M18UC MC78M18CT ucas842D UC2842AD
HA78M20CKC MC78M20CT UC2842N UC2842AN
HA78M20CKD MC78M20CT UC2843AD UC2843AD
pA78M20UC MC78M20CT UC2843AJ UC2843AJ
‘WA78M24CKC MC78M24CT UC2843AN UC2843AN
HA78M24CKD MC78M24CT UC2843BD UC2843BD
RA78M24UC MC78M24CT UC2843BN UC2843BN
nA78MGT2C LM317T uC2843D UC2843AD
nA78MGU1C LM317T UC2843N UC2843AN
nA78MGUC LM317MT UC2844BD UC2844BD
HA78S40DC pA78S40DC UC2844BN UC2844BN
HA78S40DM nA78S40DM uC2844D uc2844D
HA78S40PC uA78S40PC uc2844J uC2844J
HA78S40PV HA78S40PV UC2844N UC2844N
HA7905.2CKC MC7905.2CT uC2845BD UC2845BD
nA7905CKC MC7905CT UC2845BN UC2845BN
HA7905UC MC7905CT uCc2845D uC2845D
HA7906CKC MC7906CT uc2845J uc2845J
HA7906UC MC7906CT UC2845N UC2845N
RA7908CKC MC7908CT uc317T LM317T
HA7912CKC MC7912CT [Viexkya) LM337T
pA7912UC MC7912CT UC3525AJ SG3525AJ
nA7915CKC MC7915CT UC3525AN SG3525AN
pA7915UC MC7915CT UC3526J SG3526J
pA7918CKC MC7918CT UC3526N SG3526N
pA7918UC MC7818CT UC3527AJ SG3527AJ
nA7924CKC MC7924CT UC3527AN SG3527AN
HA7924UC MC7924CT uCc3823

nA796DC MC1496L uCc3825

HA796DM MC1596L UC3842AD UC3842AD
HA798RC MC3458U UC3842AN UC3842AN
uA798RM MC3558U i UC3842BD UC3842BD
HA798TC MC3458P1 UC3842BN UC3842BN
HA79LO5AWC MC79LO5ACP uC3842D UC3842AD
HA79LOSWC MC79L05CP UC3842N UC3842AN
HA79L12AWC MC79L12ACP UC3843AD UC3843AD
HA79L12WC MC79L12CP - UC3843AN UC3843AN
HA79L15AWC MC79L15ACP UC3843BD UC3843BD
pA79L15WC MC79L15CP UC3843BN UC3843BN
rA79MO5AUC MC79MO5CT UC3843D UC3843AD
HA79MO5CKC MC79MO5CT UC3843N UC3843AN
HA79MOBAUC MC7906CT UC3844BD uC3844BD
HA79MO6CKC MC7906CT UC3844BN UC3844BN
RA79MOBUC MC7906CT uc3844D UC3844D
nA79M0O8BAUC MC7908CT uC3844J UC3844J
pA79M08CKC MC7908CT UC3844N UC3844N
RA79M08UC MC7908CT UC3845BD UC3845BD

MC7918CT
MC7918CT
MC7924CT
MC7924CT
MC7924CT

MC34023
MC34025
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Cross Reference (continued)

! Motorala i Motoriza - Metorole Motorla
nausiry Nearest i Similar industry N Similar
Part Number Replacement Replacemeant Dart Number Repls Replacems=nt

UC3845BN UC3845BN ULN8126A SG3526N
uC3845D UC3845D ULN8126R SG3526J
UC3845N UC3845N ULQ8126R SC3526J
UC494ACN TL594CN ULS2151M MC1741CP1
UC494AJ TL594MJ ULS2157A MC1558U
UC494CN TL494CN ULS2157H MC1558U
UC494J TL494MJ ULX8161M MC34060P
UCN5816A MC34142 UPC1373 MC3373P
UDN5712M MC1472P1 UPD6950C MC10319P
ULN2068BB ULN2068B uvC3101 MC10319P
ULN2068NE ULN2068B XR082CN TL082CJG
ULN2151H MC1741CP1 XR082CP TLO82CP
ULN2151M MC1741CP1 XR082M TLO82MJG
ULN2747A MC1747CL XR084CN TLO84CJ
ULN2801A ULN2801A XR084CP TLOB4CN
ULN2802A ULN2802A XR084M TLO84MJ
ULN2803A ULN2803A XR3470A MC3470AP
ULN2804A ULN2804A

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Amplifiers and Comparators
e B e R R Rl

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 needs
of the marketplace. The enhanced performance of newer
operational amplifiers and comparators has come through
innovative application of these technologies, designs and
processes. Some early designs are still available but are
giving way to the new, higher performance operational
amplifier and comparator circuits. Motorola has pioneered in
JFET inputs, low temperature coefficient input stages, Miller
loop compensation, all NPN output stages, dual-doublet
frequency compensation and analog ‘in-the-package”
trimming of resistors to produce superior high performance
operational amplifiers and comparators, operating 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 reasonable cost to the customer.

Present day operational amplifiers and comparators find
applications in all market segments including motor controls,
instrumentation, aerospace, automotive, telecommunica-
tions, medical, and consumer products.
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Operational Amplifiers

Motorola offers a broad line of bipolar operational and quad monolithic devices in a variety of temperature
amplifiers to meet a wide range of applications. From low-cost ranges and package styles. Most devices may be obtained in
industry-standard types to high precision circuits, the span unencapsulated “chip” form as well. For price and delivery
encompasses a large range of performance capabilities. information on chips, please contact your Motorola Sales
These linear integrated circuits are available as single, dual Representative or Distributor.

Noncompei

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

LM301A 0.25 7.5 10 50 25 1.0 0.5 +3.0|+18 General Purpose N/626, J/693

LM308A 7.0 0.5 5.0 1.0 80 1.0 0.3 +3.0 |+18 Precision N/626

MC1748C 0.5 6.0 15 200 20 1.0 0.5 +3.0]+18 General Purpose P1

Industrial Temperature Range (-25°C to +85°C) 7 ‘

{m201a [ o075 | 20 | 10 | 10 [ s0 | 10 | 05 [+30{+22]| GeneralPurpose | Ni626, 4693 |
Military Temperature Range (-55°C to +125°C)
| Lm101A | 0.075 L 2.0 | 10 | 10 [ 50 [ 10 | 05 |+30[£22]| GeneralPupose | J693 |

Internally Compensated

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

LF351 200pA | 10 10 |100pA| 25 40 | 13 |+50]+18 JFET Input N/626

LF356 200 pA 10 5.0 50 pA 50 2.0 15 +5.0]|+18 JFET Input J/693

LF356B 100 pA 5.0 5.0 20 pA 50 5.0 12 +5.0 | £22 JFET Input J/693

LF357 200 pA 10 5.0 50 pA 50 3.0 75 +50|+18 Wideband FET Input J/693

LF357B 100 pA 5.0 5.0 20 pA 50 20 50 +5.0 |22 JFET Input J/693

LF411C 200 pA 2.0 10 100 pA 25 8.0 25 +5.0 | £22 | JFET Input, Low Offset, | N/626, D/751
i Low Drift

LF441C 100 pA 5.0 10 50 pA 25 2.0 6.0 +5.0 | £18 | Low Power JFET Input N/626

LM11C 100 pA 0.6 2.0 10 pA 250 1.0 0.3 +3.0 | +£20 ‘ Precision N/626

LM11CL 200 pA 5.0 3.0 25 pA 50 1.0 0.3 +3.0 | £20 Precision N/626
MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA i
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Single Operational Amplifiers (continued)

- | BW | sR
Vio |TCvio | ho | Avol [(Ay=1) [(Ay=1) , ;
(mV} | (uV/I°C) | (nA) [ (VimV) | (MHZ) | (Vius) e . Suffix/
, Max | Typ | Max | Min | Typ | Description |  Package
Internally Compensated
Commercial Temperature Range (0°C to +70°C) '
M307 0.25 75 10 50 25 1.0 05 [£30[x18 General Purpose N/626
MC1436 0.04 10 12 10 70 1.0 2.0 +15 | £34 High Voltage U
MC1741C 0.5 6.0 15 200 20 1.0 0.5 +3.0 |18 General Purpose P1,U \
MC1776C 0.003 6.0 15 3.0 100 1.0 0.2 +1.2 | £18 | uPower, Programmable P1,U
MC3476 0.05 6.0 15 25 50 1.0 0.2 +15|+18 Low Cost P1,U
pwPower, Programmable
MC34001 200 pA 10 10 100 pA 25 4.0 13 +5.0 | £18 JFET Input P/626, U
MC34001B | 200 pA 5.0 10 100 pA 50 4.0 13 +5.0|+18 JFET Input P/626, U
MC34071 0.5 5.0 10 75 25 4.5 10 +3.0]+44 High Performance, P/626, U
MC34071A | 500 nA 3.0 10 - 50 50 4.5 10 +3.0 | +44 Single Supply P/626, U
MC34080 |200pA | 1.0 10 100 pA 25 16 55 +5.0 | £22 Decompensated 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
MC34181 0.1 nA 2.0 10 0.05 25 4.0 10 +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 +5.0 | £18 | Low Noise JFET Input P/626, JG
-| TLO81AC 200 pA 6.0 10 100 pA 50 4.0 13 +5.0}+18 JFET Input P/626, JG
TLO81C 400 pA 15 10 200 pA 25 4.0 13 +50}+18 JFET Input P/626, JG
Automotive Temperature Range (—40°C to +85°C)
MC33071 0.5 5.0 10 75 ‘25 45 10 +3.0|+44 High Performance, P/626, U
MC33071A |500nA | 3.0 10 50 50 45 10 |+3.0]+44 Single Supply P/626, U
MC33171 0.1 4.5 10 20 50 1.8 241 +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
‘Extended Automotive Temperature Range (~40°C to +105°C) )
-[mcaaz01 Taooma] 60 [ 20 [ 50 | 50 | 22 | 10 [+18]+12] LowVnRaitto-Raim | Pr626, D751 |
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 u
MC1741 0.5 5.0 15 200 50 1.0 0.5 +3.0 | 22 General Purpose U ‘
MC1776 0.0075 | 5.0 15 3.0 200 1.0 0.2 +1.2 | +£18 | pPower, Programmable L
MC35001B | 100pA | 5.0 10 | 50pA | 50 4.0 13 |+5.0 | +22 JFET Input u
MC35071 0.5 5.0 10 75 25 4.5 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
MC35081 200 pA 1.0 10 100 pA 25 8.0 30 «+ |+5.0 | £22 | High Speed JFET Input U
MC35171 0.1 4.5 10 20 50 - 1.8 21 +3.0]+44 Low Power Single u
Supply
TLO81M 200 pA 6.0 10 100 pA 25 4.0 13 +5.0 | +18 JFET Input JG
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Dual Operational Amplifiers

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
LF412C 200pA | 3.0 10 100 pA 25 4.0 13 +5.0 | £18 | JFET Input, Low Offset, | N/626, D/751
Low Drift
LF442C 100 pA 5.0 10 50 pA 25 2.0 6.0 +5.0 | £18 | Low Power JFET Input N/626
LM358 0.25 6.0 7.0 50 25 1.0 0.6 +15]+18 Single Supply, N/626, J/693
+3.0 | + 36 | Low Power Consumption
LM833 1.0 5.0 2.0 200 31.6 15 7.0 +25|+18 Low Noise, Audio N/626
MC1458 0.5 6.0 10 200 20 1.1 0.8 +3.0|+18 Dual MC1741 P1,U
MC1458C 0.7 10 10 300 20 1.1 0.8 +3.0|+18 General Purpose P1
MC1747C 0.5 6.0 10 200 25 1.0 0.5 +3.0 |18 Dual MC1741 L, P2
MC3458 0.5 10 7.0 50 20 1.0 0.6 +15|+18 Split Supplies P1,U
+3.0 | +36 Single Supply
Low Crossover Distortion
MC4558AC | 0.5 5.0 10 200 50 2.8 1.6 +3.0|+22 High Frequency P1
MC4558C 0.5 6.0 10 200 20 2.8 1.6 +3.0 |18 High Frequency P1,U
MC34002 | 100 pA 10 10 100 pA 25 4.0 13 +50|+18 JFET Input P/626
MC34002B | 100 pA 5.0 10 70 pA 25 4.0 13 +50|+18 JFET Input P/626
MC34072 0.5 5.0 10 75 25 4.5 10 +3.0 | +44 High Performance, P/626, U
MC34072A | 500nA | 3.0 10 50 50 45 10 +3.0 | +44 Single Supply P/626, U
MC34082 |200pA | 3.0 10 100 pA 25 8.0 30 +5.0 | +22 | High Speed JFET Input P/626
MC34083 | 200 pA 3.0 10 100 pA 25 16 55 +5.0 | +22 Decompensated P/626
MC34182 | 0.1 nA 3.0 10 0.05 25 4.0 10 +25|+18 | Low Power JFET Input P/626
TLO62AC | 200 pA 6.0 10 100pA | 4.0 2.0 6.0 +25 | +18 | Low Power JFET Input P/626
TLO62C 200 pA 15 10 200pA | 4.0 2.0 6.0 +2.5 | +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
TLO82AC | 200 pA 6.0 10 100 pA 50 4.0 13 +5.0|+18 JFET Input P/626, JG/693
TLO82C 400 pA 15 10 200 pA 25 4.0 13 +5.0 |+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 +15|+18 Split or Single 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 +15|+13 Split Supplies N/626, J/693
typ +3.0|+26 Single Supply
MC3358 5.0 8.0 10 75 20 1.0 0.6 +15|+18 Split Supplies P1/626
+3.0|+36 Single Supply
MC33072 0.50 5.0 10 75 25 4.5 10 +3.0|+44 High Performance, P/626, U
MC33072A | 500nA | 3.0 10 50 50 4.5 10 +3.0|+44 Single Supply P/626, U
MC33076 0.5 4.0 2.0 70 25 7.4 2.6 +2.0|+18 High Output Current P1/626
P2/648C
MC33077 1.0 1.0 2.0 180 150 37 " +25|+18 Low Noise P/626
MC33078 | 750 nA 2.0 20 150 31.6 16 7.0 +50 | +18 Low Noise N/626
MC33102
(Awake) 500 nA 2.0 1.0 6.0 50 4.0 1.0 +25|+18 Sleepmode™ P/626,
(Sleep) 50 nA 2.0 1.0 6.0 25 0.3 0.1 +25|+18 Micropower D/751
MC33172 0.10 4.5 10 20 50 1.8 2.1 +3.0 | +44 Low Power Single P/626
Supply
MC33178 0.5 3.0 2.0 50 50 5.0 2.0 +20|+18 High Output Current P/626
MC33182 0.1 nA 3.0 10 0.05 25 4.0 10 +25|+18 | Low Power JFET Input P/626
MC33272 | 650 nA 1.0 0.56 25nA 31.6 5.5 115 |+15|+18 High Performance P/626
MC33282 | 100 pA | 200 pVv 5.0 50 pA 50 30 12 +25|+18 | Low Input Offset JFET P/646
TLOG2V 200 pA 6.0 10 100 pA 4.0 2.0 6.0 +25 | +18 | Low Power JFET Input P/626
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Dual Operational Amplifiers (continued)

Bw | SR | G
s | Vio |TCvio | ho | Avor [(Av=1)|(Ay=1)] TS
(nA) (mV) | @VPC) | (nA) | (VimV) | (MHz) | (V/us) Suffix/
Device Max Max Typ: Max Min Typ Typ Min Max Description Package
Extended Automotive Temperature Range (—40°C to +105°C)
Mc33202 |200na| 60 [ 20 [ 50 [ s0 [ 22 | 10 [+18]+12] LowVRaito-Rai™ [ Pre26,D/751 |
Extended Automotive Temperature Range (—40°C to +125°C) :
TCA0372 500 nA 15 20 50 :30 1.1 1.4 +5.0 | +36 Power Op Amp DP1/626
Single Supply DP2/648
Military Temperature Range (-55°C to +125°C)
LM158 0.15 5.0 10 30 50 1.0 0.6 +15]|+18 . Split Supplies J/693
+3.01+36 Single Supply
Low Power Consumption
MC1558 0.5 5.0 10 200 50 11 0.8 +3.0 | +22 Dual MC1741 U
MC1747 0.5 5.0 10 200 50 1.0 0.5 +3.0 | +22 Dual MC1741 L
MC3558. 0.5 5.0 10 50 50 1.0 0.6 +15|+18 Split Supplies U
+3.0]+36 Single Supply
MC4558 0.5 5.0 10 200 50 2.8 1.6 +3.0 |22 High Frequency U
MC35002 | 100 pA 10 10 100 pA 25 4.0 13 +5.0 | £22 JFET Input U
MC35002B | 100 pA 5.0 10 50 pA 50 4.0 13 +5.0 |22 JFET Input 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 4.5 10 +3.0 | +44 Single Supply U
MC35172 0.1 4.5 10 20 50 1.8 241 +3.0 | +44 Low Power Single U
Supply
TLO62M 200 pA 6.0 10 100 pA 4.0 2.0 6.0 +25 18 | Low Power JFET Input JG
TLO72M 200pA | 6.0 10 50 pA 35 4.0 13 +5.0 | +£18 | Low Noise JFET input JG
TLO82M 200 pA 6.0 10 100 pA 25 4.0 13 +5.0 18 JFET Input JG
Quad Operational Amplifiers
Bw | SR |
B | Vio [TCvio [ ho | Avol [(Av=1)|(Ay=1) )
HA) | (mV) [(uV°C) | (nA) | (VImV) | (MHz) | (V/us)
Device Max Max Typ Max Min Typ Typ Min Max | Description
Internally.Compensated
Commercial Temperature Range (0°C to +70°C)
LF347 200pA | 10 10 |100pA | 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
LM324 0.25 -6.0 7.0 50 25 1.0 0.6 +15]|+16 Low Power J/632, N/646
+3.0|+32 Consumption
LM348 0.2 6.0 — 50 25 1.0 0.5 +3.0 |18 Quad MC1741 J/632, N/646
MC3401/ 0.3 —_ — — 1.0 5.0 0.6 +151+18 Norton Input J/632, N/646
LM33900 +3.0 | +36
MC3403 0.5 10 7.0 50 20 1.0 0.6 +15|+18 No Crossover L, P/646
+3.0|+36 Distortion
MC4741C 0.5 6.0 15 200 20 1.0 0.5 +3.0 | £18 Quad MC1741 L, P/646
MC34004 | 200 pA 10 10 100 pA 25 4.0 13 +5.0 | +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 0.5 5.0 10 75 25 4.5 10 +3.0 | +44 High Performance, L, P/646
MC34074A | 500 nA 3.0 10 50 50 4.5 10 +3.0 | +44 Single Supply L, P/646
MC34084 | 200 pA 12 10 100 pA 25 8.0 30 +5.0 | £22 | High Speed JFET Input P/646
MC34085 | 200 pA 12 10 100 pA 25 16 55 +5.0 (22 Decompensated P/646
MC34184 0.1 nA 10 10 0.05 25 4.0 10 +25 | +£18 | Low Power JFET Input P/646
TLO64AC 200 pA 6.0 10 100 pA 4.0 2.0 6.0 +2.5 | +18 | Low Power JFET Input N/646
TLO64C 200 pA 15 10 200 pA 4.0 2.0 6.0 +2.5 | +18 | Low Power JFET Input N/646
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Quad Operational Amplifiers (continued)

~ : BB BW | sA | ey
e o ‘ g Voltage .
| BB | Yio {TCvio | lo Aol 1(Av=1) |(Ay=1)] 0
L aA) | mY) ey | na) Lvimy) | (MHz) | (vps) | 7 . | sSiig
Device | Max | Max | Typ | Max | Min | Typ Typ | Min Max | Description . Package
TLO74AC | 200pA | 6.0 10 50 pA 50 4.0 13 +5.0 | £18 | Low Noise JFET Input | J/632, N/646
TLO74C 200 pA 10 10 50 pA 25 4.0 13 +50{+18 Low Noise JFET Input J/632, N/646
TLOB4AC |200pA | 6.0 10 100 pA 50 4.0 13 +5.0 | +18 JFET Input J/632, N/646
TLO84C 400 pA 15 10 200 pA 25 4.0 13 +5.0 |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 Supplies J/632, N/646
+3.0|+32 Single Supply
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)
MC3301/ 0.3 — — -— 1.0 4.0 0.6 +2.0 | +15 Norton Input P/646
LM2900 +4.0]|+28 N/646
LM2902 0.5 10 — 50 —_ 1.0 0.6 +1.5 |13 | Differential Low Power J/632, N/646
+3.0|+26
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 +3.0|+44 High Performance, L, P/646
Single Supply
MC33074A | 500nA | 3.0 10 50 50 45 10 +3.0 | +44 High Performance L, P/646
MC33079 |750nA | 25 2.0 150 316 9.0 7.0 +50|+18 Low Noise N/646
MC33174 0.1 4.5 10 20 50 1.8 2.1 +3.0 | +44 Low Power Single P/646
Supply
MC33179 0.5 3.0 2.0 50 50 5.0 2.0 +20 | +18 High Output Current P/646
MC33184 | 0.1nA 10 10 0.05 25 4.0 10 +25|+18 | Low Power JFET Input P/646
MC33274 | 650 nA 1.0 0.56 25nA 31.6 5.5 1.5 +15|+18 High Performance P/646
MC33284 | 100 pA 2.0 5.0 50 pA 50 30 12 +25 | +18 | Low Input Offset JFET P/646
TLO64V 200 pA 9.0 10 100 pA 4.0 2.0 6.0 +25 | +18 Low Power JFET Input N/646

Extended Automotive Temperature Range (—40°C to +105°C)

[mcaszo4 [200na| 60 [ 20 [ 50 | s0 | 22 [ 10 [+18[+12] LowVRaitoRai™ P4, 07514 |
Telecommunications Temperature Range (-40°C to +85°C)
MC143403 | 1.0 nA 30 — 200pA | 45dB 0.8 1.5 4.75 | 12.6 CMOS Low Power, L, P/646
Drives Low-Impedance
Loads
MC143404 | 1.0nA 30 — 200pA | 60dB 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
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 |22 Quad MC1741 L
MC35004 | 100 pA 10 10 100 pA 25 4.0 13 +5.0 | +22 JFET Input L
MC35004B [ 100pA | 5.0 10 50 pA 50 4.0 13 +5.0 | £22 JFET Input L
MC35074 0.5 5.0 10 75 25 45 10 +3.0 | +44 High Performance, L
Single Supply
MC35074A | 500 nA 3.0 10 50 50 4.5 10 +3.0 | +44 High Performance L
MC35084 | 200 pA 12 10 100 pA 25 8.0 30 +5.0 { £22 | High Speed JFET Input L
MC35085 | 200 pA 12 10 100 pA 25 16 55 +5.0 | t22 Decompensated L
MC35174 0.1 45 10 20 50 1.8 2.1 +3.0 | +44 Low Power, Single L
Supply
TLO64M 200 pA 9.0 10 100 pA 4.0 2.0 6.0 +25 18 | 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
TLO84M 200 pA 9.0 10 100 pA 25 4.0 13 +5.0 18 JFET Input J/632
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CASE 626
PLASTIC I
P SUFFIX

CASE 632 CASE 751
CERAMIC % PLASTIC
F, L SUFFIX D SUFFIX

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

High-Frequency Amplifier Specifications

applications. For devices especially dedicated to consumer
products, i.e., TV and entertainment radio. (See the
Consumer Electronics Circuits section.)

Operating Ay Bandwidth Vec/NEE , ‘ ]
/ Temperature Range (dB) @ MHz (Vde) _ | suffix
—55°to +125°C —40° to +85°C 0° to +70°C Typ Min Max _ Package
— — MC1350 50 45 +6.0 +18 P/626,
50 45 D/751
_ MC1490 - 50 10 +6.0 +18 P/626
45 60
35 100
MC1545 — MC1445 19 50 +4.0 +12 b L/632

AGC Amplifiers

MC1490/1350 Family Wideband General Purpose Amplifiérs

The MC1490 and MC1350 family are basic building
blocks — AGC (Automatic Gain Controlled) RF/Video amplifi-
ers. These parts are recommended for applications up
through 70 MHz. The best high frequency performance may
be obtained by using the physically smaller SOIC version
(shorter leads) — MC1350D. There are currently no other
RF ICs like these, because other manufacturers have
dropped their copies. Applications include variable gain video

MC1545/1445 Gated 2-Channel Input

Differential input and output amplifier with gated 2-channel
input provides for a wide variety of switching purposes. Typical
50 MHz bandwidth makes it suitable for high frequency

and instrumentation amplifiers, IF (Intermediate Frequency)
amplifiers for radio and TV receivers, and transmitter power
output control. Many uses will be found in medical instrumen-
tation, remote monitoring, video/graphics processing, and a
variety of communications equipment. The family of parts
using the same basic die (identical circuit with slightly different
test parameters) is listed in the following table.

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

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Miscellaneous Amplifiers

Motorola provides several Bipolar and CMOS special

purpose amplifiers which fill specific needs. Thesg devices Output 1 E gl 4 Output 4
range from low power CMOS programmable amplifiers and Comp | | Op Amp
comparators to variable-gain bipolar power amplifiers. E 1| |1

Inputs 1 E 4 :] Inputs 4

:] Ve Gnd

MC3405/MC3505 Dual Operational Amplifier and
vec [ 4]

Dual Voltage Comparator Comp Op Amp

This device contains two differential input operational E )
amplifiers and two comparators; each set capable of single Inputs 2 Inputs 3
supply operation. This operational amplifier/comparator E :l

circuit will find its applications as a general purpose product for Output 2 E
automotive circuits and as an industrial “building block.”

MC3405 X . 3.0t0 36 +1.5t0+18
MC3505 . . . 3.0t0 36 +1.5t0+18

:‘ Output 3

L/632, P/646
L/632

CMOS

MC14573 Quad Programmable Operational Amplifier
MC14576B/MC14577B Dual Video Amplifiers
MC14575 Dual Programmable Operational Amplifier and Dual Programmable Comparator

Operational Amplifiers 4 3.0t015V +15t0+75V DC to 1.0 MHz MC14573 D/751B, P/648

Video Amplifiers 2 50t 12V(1) | +25t0+6V(@) Up to 10 MHz MC14576B | P/626, F/904
MC14577B

Operational Amplifiers 2and 2 3.0to 15V +15t0£75V DC to 1.0 MHz MC14575 D/751B, P/648

and Comparators

(1)5.0 to 10V for surface mount package
(2)+ 2510+ 5V for surface mount package

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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. CASE 620
CERAMIC
L SUFFIX

CASE 648
 PLASTIC
P SUFFIX

CASE 632
CERAMIC
J SUFFIX

«

CASE 751B
PLASTIC
D SUFFIX

}l‘ u’

CASE 646
PLASTIC
N, P SUFFIX

Comparators

Single

Dev

Bipolar

LM111 0.1 3.0 | 0.01 |200k | 8.0 200 +15,—15 | With strobe, will operate —-55t0+ 125 J-8

LM211 0.1 3.0 0.01 200k | 8.0 200 +15,—15 | from single supply -25to0+ 85 J-8

LM311 0.25 75 0.05 | 200k | 8.0 200 +15,—-15 Oto+70 N/626, J-8

CMOS

MC14578 | 1.0pA | 50 — — 1.1 — 3.5t0 14 | Requires only 10 pA from —-30to+70 P/648
single-ended supply D/751B

Dual

| Device
Bipolar
LM393 025 | 5.0 0.05 | 200k | 6.0 1300 +1.5to £ 18 | Designed for single or split Oto+70 N/626
LM393A 0.25 | 2.0 0.05 | 200k | 6.0 1300 or supply operation, input O0to+70 N/626
LM2903 025 | 7.0 0.05 | 200k | 6.0 1500 3.0t0 36 | common mode includes —40to + 85 N/626
ground (negative supply)
MC3405 0.5 10 0.05 | 200k | 6.0 1300 +1.5t0£7.5 | This device contains 2 op Oto+70 L, P/646
MC3505 0.5 5.0 0.05 | 200k | 6.0 1300 or amps and 2 comparators in | —55to + 125 L
3.0to 15 | asingle package
CMOSs
MC14575| 0.001 | 30 |0.0001 | 2k 3.0 1000 +1.5t0£7.5 | This device contains 2 op —40to + 85 P/648
or amps and 2 comparators in D/751B
3.0to 15 | asingle package

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Comparators (continued)

Quad

Bipolar
LM139 0.1 5.0 | 0.025 | 200k | 6.0 1300 +1.5to +18 | Designed for single or split | —55to + 125 J
LM139A 0.1 2.0 | 0.025 | 200k | 6.0 1300 or supply operation, input -55t0+ 125 J
LM239 025 | 50 | 0.05 |200k | 6.0 1300 3.0t036 |common modg includes —-25t0+85 | J,N/646
LM239A | 025 | 20 | 0.05 | 200k | 6.0 1300 ground (negative supply) —-25t0+85 | J,N/646
LM339 025 | 50 | 0.05 |200k | 6.0 1300 Oto+70 J, N/646
LM339A | 025 | 2.0 | 0.05 | 200k | 6.0 1300 Oto+70 J, N/646
LM2901 025 | 70 | 0.05 | 100k | 6.0 1300 —40to +85 N/646
MC3302 0.5 20 0.5 30k | 6.0 1300 —40to +85 P/646
MC3430 40 6.0 {1.0Typ| 1.2k | 16 33 +5.0,-5.0 | High speed comparator/ Oto+70 L, P/648
MC3431 40 10 [1.0Typ| 1.2k | 16 33 +5.0,-5.0 |sense-amplifier O0to+70 L, P/648
MC3432 40 6.0 |1.0Typ| 1.2k | 16 40 +5.0,-5.0 Oto+70 L, P/648
MC3433 40 10 |1.0Typ| 1.2k | 16 40 +5.0,-5.0 Oto+70 L, P/648
CMOS
MC14574| 0.001 | 30 }]o0.0001 | 2.0k | 3.0 1000 +1.5t0 £7.5 | Externally programmable —40to + 85 P/648
or power dissipation with 1 or 2 D/751B
3.0to 15 | resistors
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Amplifiers

Device

LF347, LF351, LF353
LF356, LF356B,
LF357B, LF357
LF411C, LF412C
LF441C, LF442C, LF444C
LM11C, LM11CL
LM101A, LM201A, LM301A
LM124, LM224,
LM324, LM324A
LM158, LM258, LM358
LM248, LM348
LM307
LM308A
LM833
LM2900
LM2902
LM2904
LM3900
MC1436, MC1436C, MC1536
MC1445, MC1545
MC1458, MC1458C, MC1558

MC1490P
MC1733CB
MC1741, MC1741C
MC1747, MC1747C

MC1748C

MC1776, MC1776C

MC3401, MC3301

MC3403, MC3503, MC3303

MC3405, MC3505

MC3458, MC3558, MC3358

MC3476

MC4558, AC, C

MC4741, MC4741C

MC33076

MC33077

MC33078, MC33079

MC33102

MC33171, MC35171,
MC33172, MC35172,
MC33174, MC35174

MC33178, MC33179

MC33201, MC33202,
MC33204

MC33272, MC33274

Function
JFET Input Operational Amplifiers

Monolithic JFET Input Operational Amplifiers

Low Offset, Low Drift JFET Input Operational Amplifiers
Low Power JFET Input Operational Amplifiers

Precision Operational Amplifiers
Operational Amplifiers
Quad Low Power Operational Amplifiers

Dual Low Power Operational Amplifiers
Quad MC1741 Operational Amplifiers

Internally Compensated Monolithic Operational Amplifier

Precision Operational Amplifiers

Dual Low Noise, Audio Operational Amplifier

Quad Single Supply Operational Amplifier
Quad Low Power Operational Amplifier
Dual Low Power Operational Amplifier

Quad Single Supply Operational Amplifier

High Voltage, Internally Compensated Operational Amplifiers
Gate Controlled Two Channel Input Wideband Amplifiers

Dual MC1741 Internally Compensated, High Performance Dual

Operational Amplifiers
RF/IF/Audio Amplifier
Dlfferential Video Wideband Amplifier

Internally Compensated, High Performance Operational Amplifiers

Dual MC1741 Internally Compensated, High Performance

Operational Amplifiers
High Performance Operational Amplifier

Micropower Programmable Operational Amplifiers

Quad Single Supply Operational Amplifiers
Quad Low Power Operational Amplifiers

Dual Operational Amplifier and Dual Comparator

Dual, Low Power Operational Amplifiers

Low Cost Programmable Operational Amplifier
Dual Wide Bandwidth Operational Amplifiers

Quad MC1741 Operational Amplifiers

Dual High Output Current, Low Power, Operational Amplifier

Dual, Low Noise Operational Amplifier

Dual/Quad Low Noise Operational Amplifiers
Sleep-Mode™ Two-State Micropower Operational Amplifier
Low Power, Single Supply Operational Amplifiers

High Output Current, Low Power, Operational Ampilifiers

Rail-to-Rail™ Operational Amplifiers

Single Supply, High Slew Rate Low Input Offset Voltage Amplifiers
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Amplifiers

Device Function Page
MC33282, MC33284 Low Input Offset, High Slew Rate, Wide Bandwidth, JFET Input
Operational Amplifiers ........ ...t 2-268
MC33304 Rail-to-Rail™, Sleepmode™ Two-State Operational Amplifier .......... 2-276
MC34001, MC35001, JFET Input Operational Amplifiers ................ ... .. ... .. ... 2-277
MC34002, MC35002,
MC34004, MC35004
MC34071,2,4, MC35071,2,4, High Slew Rate, Wide Bandwidth, Single Supply
MC33071,2,4 Operational Amplifiers ...........c.cooiiiiiiiiiiiiiiiii i, 2-284
MC34080/MC35080 High Slew Rate, Wide Bandwidth,
thru JFET Input Operational Amplifiers ............................... 2-300
MC34085/MC35085
MC34181,2,4, MC33181,2,4, Low Power, High Slew Rate, Wide Bandwidth, JFET Input
Operational Amplifiers ........... ... i 2-311
TCA0372 Dual Power Operational Amplifier ..............coiiiiiii ... 2-320
TLO062, TL064 Low Power JFET Input Operational Amplifier . ....................... 2-324
TLO71, TLO72, TLO74 Low Noise, JFET Input Operational Amplifiers ....................... 2-331
TLO81, TL082, TL084 JFET Input Operational Amplifiers ........... ... ... 2-337
Comparators
LM111, LM211, LM311 Highly Flexible Voltage Comparators ...............cccoiiiiiiiin.. 2-44
LM139,A, LM239,A Quad Single Supply Comparators .............ccoiiiiiiiina.n.. 2-56
LM339,A
LM293, Single Supply, Low Power, Low Offset Voltage Dual Comparators . ... .. 2-72
LM2903, LM393,A
LM2901 Quad Single Supply Comparators ..............ccovviiiiiiiiiannn. 2-56
LM2903 Single Supply, Low Power, Low Offset Voltage Dual Comparators . . .. .. 2-72
MC3302 Quad Single Supply Comparators ..............ccooiiiiiiiiiiin... 2-56
MC3405, MC3505 Dual Operational Amplifier and Dual Comparator .................... 2-159
MC3430 thru MC3433 Quad, Differential Voltage Comparator/Sense Amplifiers .............. 2-167
ADDENDUM
Operational Amplifier ApplicationInformation ............... ... ... ... . ... . ... ... 2-343
RELATED APPLICATION NOTES
App Note Title Related Device
AN926, AR115 Techniques for Improving the Settling of a DAC and Op LF357, MC34084,
Amp Combination.......... ..o MC34085, MC34087
AN587 Analysis and Design of the Op Amp Current Source ............... MC1741
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MOTOROLA

SEMICONDUCTOR H
TECHNICAL DATA

JFET Input Operational Amplifiers

These low cost JFET input operational amplifiers combine two state-of-the-art
linear technologies on a single monolithic integrated circuit. Each internally
compensated operational amplifier has well matched high voltage JFET input
devices for low input offset voltage. The JFET technology provides wide
bandwidths and fast slew rates with low input bias currents, input offset currents,
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.

® |nput Offset Voltage of 5.0 mV Max (LF347B)

® Low Input Bias Current: 50 pA

® Low Input Noise Voltage: 16 nV/Y Hz

o Wide Gain Bandwidth: 4.0 MHz

® High Slew Rate: 13V/us

® Low Supply Current: 1.8 mA per Amplifier

® High Input Impedance: 1012 Q

@ High Common Mode and Supply Voltage Rejection Ratios: 100 dB

MAXIMUM RATINGS

Rating Symbol Value Unit

Supply Voltage Vee +18 \
VEE -18
Differential Input Voltage ViD +30 \
Input Voltage Range (Note 1) VIDR +15 \"
Output Short Circuit Duration (Note 2) tsc Continuous
Power Dissipation at Tp = +25°C Pp 900 mwW
Derate above Tp =+25°C VolA 10 mW/eC

Operating Ambient Temperature Range TA 0to +70 °C
Operating Junction Temperature Range T 115 °C
Storage Temperature Range Tstg —65to +150 °C

NOTES: 1. Unless otherwise specified, the absolute maximum negative input voltage
is limited to the negative power supply.
2. Any amplifier output can be shorted to ground indefinitely. However, if more
than one amplifier output is shorted simultaneously, maximum junction
temperature rating may be exceeded.

LF347
LF351
LF353

FAMILY OF JFET
OPERATIONAL AMPLIFIERS

N SUFFIX
PLASTIC PACKAGE
CASE 626

1

D SUFFIX
PLASTIC PACKAGE
3« CASE 751

! (S0-8)

PIN CONNECTIONS

Offset Null [1] 8] NC
Invt Input E.} M vee LF351
Noninvt Input BB} 18] Output (Top View)
vee B [5] Offset Null

Output A[7] 8l Voo
outputB  LF353
Inputs A { (Top View)
} Inputs B
Veg 4]
N SUFFIX
PLASTIC PACKAGE
CASE 646

PIN CONNECTIONS

N\
out1[T} 14] out 4
2 h~ 413
Inputs 1 {EJ>J ‘_<E:l Inputs 4
15N i)
+ +

Vec 4] 1] vee
By i @]
Inputs 2 Inputs 3
[E1>2—‘ <y
out2[7] [8] Out3
(Top View)
ORDERING INFORMATION
Device Function Package
LF351D Single SO-8
LF351N Single Plastic DIP
LF353D Dual S0-8
LF353N Dual Plastic DIP
LF347BN Quad Plastic DIP
LF347N Quad Plastic DIP

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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LF347, LF351, LF353

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

LF347B LF347, LF351, LF353
Charactéristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg <10k, Vopm =0) Vio mV
TA = +25°C — 1.0 5.0 — 5.0 10
0°C < TA £+70°C — — 8.0 — — 13
Avg. Temperature Coefficient of Input Offset Voltage AV|O/AT pv/eC
Rg <10k, 0°C < Tp <+70°C — 10 — — 10 —
Input Offset Current (VoM = 0, Note 3) lio
Ta = +25°C —_ 25 100 — 25 100 pA
0°C < Tp <+70°C — — 4.0 — — 4.0 nA
Input Bias Current (VoM = 0, Note 3) B : ’
Ta = +25°C — 50 200 —_ 50 200 pA
0°C < TA <+70°C — — 8.0 — — 8.0 nA
Input Resistance 7 T — 1012 — — 1012 — Q
Common Mode Input Voitage Range VICR +11 +15 —_ +11 +15 - \"
-12 -12
Large-Signal Voltage Gain (Vo = +10 V, R_ = 2.0 k) AvoL Vimv
TA = +25°C 50 100 — 25 100 —
0°C < TA <+70°C 25 — — 15 —_ —_
Output Voltage Swing (R = 10 k) Vo +12 +14 — +12 +14 — \
Common Mode Rejection (Rg < 10 k) CMR 80 100 _ 70 100 — dB
Supply Voltage Rejection (Rg < 10 k) PSRR 80 100 _ 70 100 - dB
Supply Current [I») mA
LF347 —_ 7.2 1" —_ 7.2 11
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 Voltage en — 24 —_ - 24 — nVWHz
(Rg =100 ©, 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: 3. Input bias currents of JFET input op amps approximately double for every 10°C rise in junction temperature. To maintain junction
temperatures as close to ambient as is possible, pulse techniques are utilized during test.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
2-14 y



MOTOROLA LF356, LF356B,

SEMICONDUCTOR NS | F357%, LF357B*
TECHNICAL DATA

MONOLITHIC JFET

Monolithic JFET Input OPERATIONAL AMPLIFIERS
Operational Amplifiers SILICON MONOLITHIC
INTEGRATED CIRCUIT

These internally compensated operational amplifiers incorporate highly

matched JFET devices on the same chip with standard bipolar transistors. The
JFET devices enhance the input characteristics 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 ikm
8

amplifiers. Also, nulling the offset voltage does not degrade the drift or common N
mode rejection. ‘ 1
: . J SUFFIX
Low Input Bias Current: 30 pA CERAMIC PACKAGE

Low Input Offset Current: 3.0 pA CASE 693
Low Input Offset Voltage: 1.0 mV

Temperature Compensation of Input Offset Voltage: 3.0 uv/°C

Low Input Noise Current: 0.01 pA/ vV Hz
High Input Impedance: 1012Q PIN CONNECTIONS
High Common Mode Rejection: 100 dB

[ ]
[ ]
[ ]
[ ]
[ ]
®
[ ]
® High DC Voltage Gain: 106 dB

(Top View)
SERIES FEATURES
® | F356/356B: Wide Bandwidth
® | F357/357B: Wider Bandwidth Decompensated (Aymin = 5)
LF356/356B LF357/357B APPLICATIONS
Fast Setting Time to 0.01% 1.5us 1.5us The LF series is suggested for all general
purpose FET input amplifier requirements where
Fast Slew Rate 12 Vius 50 Vius precision and frequency response flexibility are
Wide Gain Bandwidth 5.0 MHz 20 MHz of prime importance.
Low Input Noise Voltage 12nV/VHZ 12nV/VHZ Specific applications include:

® Sample and Hold Circuits

e High Impedance Buffers

e Fast D/A and A/D Converters

e Precision High Speed Integrators

e Wideband, Low Noise, Low Drift Amplifiers

ORDERING INFORMATION *NOTE: The LF357/357B are designed for wider
Device Temperature Range Package bandwidth applications. They are decompen
sated (Av(min) = 5).
LF356B4J,J Ceramic DIP
0°to +70°C
LF357BJ,J Ceramic DIP

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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LF356, LF357, LF356B, LF357B

MAXIMUM RATINGS
Rating Symbol | LF356B/357B | LF356/357 | Unit
Supply Voltage Vee +22 +18 \
VEE —22 -18

Differential Input Voltage ViD +40 +30 \'
Input Voltage Range (Note 1) VIDR +20 +16

Qutput Short Circuit Duration Tsc Continuous

Operating Ambient Temperature Range TA 0to +70 °C
Operating Junction Temperature Ty 150 °C
Storage Temperature Range Tstg —65 to +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
P
1 5
o]
o —
[
c2
Inverting Input J7 8 10 pEF**
2 o—— |
Q] _[05
+
a‘»’——tl; )
Noninverting VEE
Input
o wH
R2 R3
Q7 39 g5 O8
arz)
Qi3
“% I ;;c1 R4 LR5 - R6
10pF* H $ DAY Y
1.0k 5.0k 5.0k

L:oz
Q4
¥ 01 X M Sé
— 5 Ri
Che| o
Vee

*C1 = 5.0pF on LF357
*(2 = 2.0pF on LF357

Vee
7

Out

VEE
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LF356, LF357, LF356B, LF357B

DC ELECTRICAL CHARACTERISTICS (Vcc=+15Vt020V, VEE =-15Vto-20 V for LF356B/357B; Voc = +15 V,

VEE =—15V for LF356/357; Ta = 0° to +70°C, unless otherwise noted.)

LF356B/357B LF356/357
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg = 50 Q, Vom = 0) Vio mv
(Ta = 25°C) — 3.0 5.0 — 3.0 10
(Over Temperature) — — 6.5 — — 13
Avg. Temperature Coefficient of Input Offset Voltage AV|O/AT uv/ec
(Rg=50Q) — 5.0 —_ — 5.0 —
Change in Average TC with V| Adjust ATC/AV|0 — 0.5 — — 0.5 — uv/ec
(Rg =50 Q) (Note 2) per mV
Input Offset Current (Vgm = 0) (Note 3) o
(Ty =25°C) — 3.0 2.0 — 3.0 50 pA
(Ty<70°C) — — 1.0 — — 2.0 nA
Input Bias Current (VoM = 0) (Note 3) IiB
(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 Voltage Gain AvoL V/imv
(Vo=#10V,R_ =2.0k,Vcc=15V,VEg=-15V)
(Ta = 25°C) 50 200 — 25 200 -
(0°C < TA £+70°C) 25 —_ — 15 - —
Output Voltage Swing Vo \Y
(Vcc =15V, VEg =-15V, R = 10kQ) +12 +13 — +12 +13 —
(Vcc =15V, VEE=-15V, R = 2kQ) +10 +12 — +10 +12 —_—
Input Common Mode Voltage Range VICR +11 +15.1 — +10 +15.1 \
(Vcc=15V,VEg=-15V) -12.0 -12.0
Common Mode Rejection CMR 85 100 — 80 100 — dB
Supply Voltage Rejection (Note 4) PSR 85 100 — 80 100 — dB
Supply Current (Tp =25°C, Vcc =15V, VEE =—15V) b mA
LF356B/357B —_ 5.0 7.0 —_ - -
LF356/357 — — — — 5.0 10
AC ELECTRICAL CHARACTERISTICS (Vcc = 15V, VEE =—15 V, Ta = 25°C, unless otherwise noted.)
LF356B/356 LF357B/357
Characteristic Symbol Min Typ Max Min Typ Max Unit
Slew Rate (Note 5) SR Vius
(Ay = 1) LF356 75 12 — - — —_
(Ay = 5) LF357 — — — 30 50 —
Gain Bandwidth Product GBW —_ 5.0 —_ —_ 20 —_ MHz
Settling Time to 0.01% (Note 6) ts -— 1.5 - —_ 1.5 —_ us
Equivalent Input Noise Voltage en nV/Hz
(Rg =100 Q, f =100 Hz) - 15 — — 15 —
(Rg =100, f = 1000 Hz) — 12 — — 12 —
Equivalent Input Noise Current in pA/VHz
(f =100 Hz) - 0.01 — - 0.01 -
(f = 1000 Hz) - 0.01 — - 0.01 -
Input Capacitance Ci — 3.0 — — 3.0 — pF
NOTES: 1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply.
2. Thetemperature coefficient of the adjusted input offset voltage changes only asmall amount (0 5 uV/°C typically) for eachmV of adjustment fromits original

ous ©

unadjusted value. Common mode rejection and open-loop voltage gain are also d by offset adijt

The input bias currents approximately double for every 10°C rise in junction temperature, Ty. Due to limited test tlme the inputbias currents are correlated
to junction temperature. Use of a heat sink is recommended if mput b:as current |s to be kept to a minimum.

Supply voltage rejection ratio is measured for both supply de d g simultaneously, in accordance with common practice.
The minimum slew rate limits apply for the LF356B and the LF357B, but do not apply for the LF356 or LF357.

. Settling time is defined here, for a unity gain inverter connection using 2.0 k resistors for the LF356. 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 feedback 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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LF356, LF357, LF356B, LF357B

Figure 1. Input Bias Current
versus Case Temperature

100k

iy
(=3
=

Vec=20V,VEg=-20V

g |

100 -Vcc=15V,V||EE=-15V
I

T
Vec=10V,VEg=-10V

10

I INPUT BIAS CURRENT (pA)
=

T T T
Vee= 5V VEE=-5V

1 [ [ ] ]
5.0 35 65 70
Tc, CASE TEMPERATURE (°C)

Figure 3. Output Voltage Swing

versus Supply Voltage

40
=
=
1] RL=20k
Z 3
S Ta=25°C
= 2 )
o] v
<< |
5 2 v
e /
E P
3 r
L

]
0 5.0 10 15

VGG, VEE, SUPPLY VOLTAGE (+V)

Figure 5. Negative Current Limit

-20
Veg=+15V
VEg=-15V
-5 Tg=25°C
\¥
N

-V, NEGATIVE OUTPUT VOLTAGE SWING (V)
3

ISink: OUTPUT SINK CURRENT (mA)

Ij- INPUT BIAS CURRENT (pA)

Ip, SUPPLY CURRENT (mA)

+ Vg, POSITIVE OUTPUT VOLTAGE SWING (V)

Figure 2. Input Bias Current
versus Input Common Mode Voltage

80 T T
| Vgc=+15V
70
VEg=-15V
60 — Ta=25°C >
RL=50k Free Air
50 [— =
40 With Heat Sink
30 b
20
10
0
-10 -5.0 0 5.0 10
Vic, COMMON MODE INPUT VOLTAGE (V)
Figure 4. Supply Current
versus Supply Voltage
8.0
70
80 Tg=25°C
5.0 ——
y —
3.0
20
0 5.0 10 15 20 25
Ve, VEE, SUPPLY VOLTAGE (£V)

Figure 6. Positive Current Limit

& ]
Voo=+15V
VEg=-15V

15 Tc=25°C
10 \\
5.0 \

50 10 15 20 25 30 35 40
ISink, OUTPUT SINK CURRENT (mA)
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LF356, LF357, LF356B, LF357B

Figure 7. Positive Common Mode

Figure 8. Negative Common Mode

= Input Voltage Limit E Input Voltage Limit
w [
o 25 2 -2
5 | | 5
o <] 7
= 0°C<TA<T70°C £ P L
> 20 a -15
= - 5 cexc | 7
[=) .
S 55 / ' E -10 //
) ,/ % ,/
=
S 1 ‘/ § -50 4 -
E J / g /
§ 5.0 / = 0
o 50 10 15 20 S 50 -10 -15 -20 -30
> Vg, POSITIVE SUPPLY VOLTAGE (V) = VEE, NEGATIVE SUPPLY VOLTAGE (V)
. . Figure 10. Output Voltage Swing
Figure 9. Open-Loop Voltage Gain versus Load Resistance
s 10M ; 32 v T 1|5 \I/ T
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Figure 11. Gain Bandwidth Product Figure 12. Inverter Settling Time
(LF356 and LF357 Series) (LF356 and LF357 Series)
T 85 S 15 —
= a0 | l [ 2 Ta = 25°C
I AN LF357 Curve Idential 5 |yec-Hey
§ 70 AN but Muttiplied by 4. g 10| 'EETT Y/
= N\ g LF356, Ay = -1 vy
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< ¢ 5 0
= Lrass NE Fe)
= 50 \ =>
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& \‘\ 2 50
= e 5 Tomy [N
&G 40 T T— o \\
S 10 [ 11
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15, SETTLING TIME (us)

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

2-19




GAIN (dB) SLEW RATE NORMALIZED TO 25°C

GAIN (dB)

LF356, LF357, LF356B, LF357B

Figure 13. Normalized Slew Rate

20 | '
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AN VEg=-15V
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Figure 15. Bode Plot
(LF356 Series)
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Figure 17. Bode Plot
(LF357 Series)
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Figure 14. Open-Loop Frequency Response

[

—_— T T
g 110 Voo=+15V
w VEE=-15V
5] N EE
E AN
S ANN
S AN
o
3 s EAN
& LF356 \\
© 30 AN
P}
Q N

0 AN

-10

10 100 1.0k 10k 100k 1.0M 10M

f, FREQUENCY (HZ)

Figure 16. Output Impedance

(LF356 Series)
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Figure 18. Output Impedance
(LF357 Series)
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CMR, COMMON MODE REJECTION RATIO (dB)

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

LF356, LF357, LF356B, LF357B

Figure 19. Common Mode Rejection Ratio Figure 20. Undistorted Output Voltage Swing
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Figure 21. Power Supply Voltage Rejection Ratio
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LF356, LF357, LF356B, LF357B

Figure 24. Driving Capacitive Loads

5.0k

*LF356 R = 5.0k
LF357 R = 1.25k

Due to a unique output stage design these amplifiers have the

ability to drive large capacitive loads and still maintain stability.
*  Cl(max) = 0.01uF

o Overshoot < 20%

o Settling time (tg) = 5.0 us

Figure 26. Input Offset Voltage Adjustment
Vee
o

VEE

o V|ois adjusted with a 25 k potentiometer

 The potentiometer wiper is connected to V¢

 For potentiometers with temperature coefficient of 100 ppm/°C or less
the additional drift with adjustis = 0.5 uV/°C/mV of adjustment.

o Typical overall drift: 5.0 uV/°C (0.5 pV/°C/mV of adjustment.)

Figure 28. Noninverting Unity Gain Operation

R2 hic .
10 = oMz
== R2 +H
I o Ri=— =
RS Avipc) = 1
1-3dB =~ 5.0 MHz

Figure 25. Large Power Bandwidth Amplifier

Vout

+1.0V_ ™\ £\ +10V

-1.0v -10V ‘ v
For distoriion < 1% and a 20 Vp-p Vout
swing, power bandwidth is 500 kHz.

Figure 27. Settling Time Test Circuit
2.0k, 0.1%

2N4416

5.0k, 0.1% 100pF Vout
*1,0k, 0.1% o | T 3.0k
Summing AN
Node
] aaats © 11V
Oscilloscope o Settling time is tested with the LF356 connected
as unity gain inverter and LF357 connected
2.0k for Ay = -5.0.
L 1 o FET used to isolate the probe capacitance.
- o Output =10 V step

o Ay=-501or LF357

Figure 29. Inverting Unity Gain

R2 RIC =

1
(2m) (5.0 MHz)
O Ri= %
Av(pc) =-1
f-3dB ~ 5.0 MHz

2
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LF356, LF357, LF356B, LF357B

Figure 31. Isolating Large

Figure 30. Wide BW, Low Noise,
Capacitive Loads

Low Drift Amplifier

R2
(|;|2 %% O Vout
" Vee l 5.1k
R2 o) Cc
20pF 1
out

fimax) = 240 kHz

+10Y,

-fov L AL L
0 +2.0V:‘: VEE 5.1k I 0.5uF
-2.0V: = =
S
o Power BW: f(max) = ﬁ = 240 kHz : gv=er130h<:lost 6%
s . « When driving large Cy, the Vgt slew rate is determined by
e Parasitic input capacitance (C1 = 3.0 pF for LF356 and LF357 plus CL and loumax):

any additional layout capacitance) interacts with feedback elements
and creates undesirable high frequency pole. To compensate add C2
such that: R2C2 = R1C1.

AVout _lout _ 0.02 X
ZOUR O - 228 s = 0.
A G 05 Jus = 0.04 V/us (with C_ shown)

Figure 32. 8-Bit D/A with Output Current
to Voltage Conversion

R14 Vret

6 Vyef = 2.0 Vde
7 15 R14=R15 = 1.0kQ

A4 O— R15 Rp=5.0kQ
01_9_ MC1408L-8 =

LsB 1ei|| .

15pF © VEE

Theoretical Vg

\Y —hf(ﬂ )[&+A2.+AQ+A‘£ +A5* +&+ﬂ+ﬂ
0=y M0I L 4 8 16 32 " 64 128 " 256
Adjust Vief, R14 or Rp so that Vg with all digital inputs at high level

is equal t0 9.961 V.

20V £+ 01 1 1 1 11
Vo=Tok (5'0")[2* 48 6 Y32 te4 tiom +256]
_1ov[256 -9961V
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MOTOROLA ,
SEMICONDUCTOR s
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 opportunity 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.

® |ow Input Offset Voltage: 2.0 mV Max (Single)
3.0 mV Max (Dual)

Low T.C. of Input Offset Voltage: 10 uV/°C

Low Input Offset Current: 20 pA

Low Input Bias Current: 60 pA

Low Input Noise Voltage: 18 nV/ VHz

Low Input Noise Current: 0.01 pA/ VHz

Low Total Harmonic Distortion: 0.05%

Low Supply Current: 2.5 mA

High Input Resistance: 1012 Q

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

&

1

7

D SUFFIX
PLASTIC PACKAGE
CASE 751

. (S0-8)

PIN CONNECTIONS

LF411C

Test Temperature
Device Function Range Package
LF411CD Single
LF411CN , sO-8
0°to +70°C -
LF412CD Dual °* Plastic DIP (Dual, Top View)
LF412CN
&\. MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MAXIMUM RATINGS

LF411C, LF412C

Rating Symbol Value Unit
Supply Voltages Vce, IVEE| +18 Vv
Input Differential Voltage Range (Note 1) VIDR +30 \
Input Voltage Range (Note 1) VIR +15 Vv
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Maximum Junction Temperature Ty +150 °C
Operating Ambient Temperature Range TA 0to 70 °C
Thermal Resistance LF411CN/412CN Rega 100 °C/W
(Junction-to-Ambient) LF411CD/412CD 180
Storage Temperature Tstg —-60 to +150 °C
Maximum Power Dissipation Pp (Note 2) mwW

NOTES: 1. Input voltages should not exceed Vg or VEE.
2. Power dissipation must be considered to ensure maximum junction temperature

(Ty) is not exceeded.

3. Measured with Vo and VEE simultaneously varied.

Representative Circuit Schematic
(Each Amplifier)

Output

oy o
A e

- il J :}L\
Inputs
+O Q17
[t
Q20
N
Qs Q19 a2
| 24
| o ] +
Q21 22 (o4
('.)1?I I/013 '—[\/.016
s
Q10 ati”
r‘ N
\'
o—t Q18
Offset /l
Null
LF411C
Only M
o—

Bias Circuitry
Common to All
Amplifiers
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LF411C, LF412C

DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, VEE =-15 V, TA = 0° to 70°C, unless otherwise noted.)

Characteristics ) Symbol Min Typ Max Unit
Input Offset Voltage (Rg =10k, Vom=0V,Vo=0V) Viol mv

LF411 —_ 0.5 2.0

LF412 — 1.0 3.0
Average Temperature Coefficient of Input Offset Voltage AVIQ AT nv/ec

(Rg=10kQ,VcmM=0V,Vo=0V) ) - — 10 _

Input Offset Current (Vcpm =0V, Vo =0V) llo
LF411 Tp =25°C —_ 20 100 pA
TA = 0°to 70°C — —_ 2.0 nA
LF412 Tp = 25°C —_ 25 100 pA
Ta = 0°t0 70°C — —_ 2.0 nA
Input Bias Current (VoM = 0 V) B
LF411 Tp =25°C —_ 0.6 200 pA
Ta = 0°to 70°C —_ — 4.0 nA
LF412 Tp = 25°C — 0.5 200 pA
Ta = 0°t0 70°C —_ —_ 4.0 nA
Large Signal Voltage Gain (Vo =+10V, R =2.0k Q) ' - AvoL . Vimv
LF411 Ta =25°C 25 80 —_
TA =0°to 70°C 15 — —
LF412 Tp =25°C 25 150 —_
TA=0°to 70°C 15 — —
Output Voltage Swing (V|p = 1.0V, R = 10 kQ) ] ) v

LF411 Vo + +12 +13.9 _

Vo - — —147 | -12
LF412 Vo + +12 +14.0 —_
Vo - —_ -140 | -12

Common Mode Input Voltage Range (Vo =0 V) ' VICR \
LF411 +11 +14 -1
—_ —-14 —_
LF412 +11 +15 -1
—_ —-12 —_

Common Mode Rejection (VoM =11 V,Rg< 10k Q) CMR dB

LF411 70 90 -

LF412 : 70 100 -

Power Supply Rejection (Note 3) . - PSR dB

(Vcc VEE=+15V,-15V t0o +5.0 V,-5.0 V)

LF411 70 86 —

LF412 70 100 —

Power Supply Current (Vo =0V) Ip mA

LF411 & . —_ 25 3.4

LF412 ) —_ 2.8 6.8

AC ELECTRICAL CHARACTERISTICS (Vgg = +15 V, VEE =-15 V, Ta = 25°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit’
Slew Rate (Vin =—=10 Vto +10 V, R = 2.0k Q, Ay = +1.0) SR Vius

LF411 8.0 25 —_

LF412 8.0 13 —_ )
Gain Bandwidth Product GBW MHz

LF411 27 8.0 —

LF412 2.7 4.0 — »
Channel Separation (f = 1.0 Hz to 20 kHz, LF412) Ccs — -120. —_ dB
Differential Input Resistance (VoM = 0 V) Rin — 1012 — kQ
Equivalent Input Voltage Noise (Rg = 100 ©, f = 1.0 kHz) en nVHz

LF411 — 30 —

LF412 —_ 25 4 —

Equivalent Input Noise Current (f = 1.0 kHz) in pA/VHz

LF411 —_ 0.01 _

LF412 — 0.01 —_

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MOTOROLA

SEMICONDUCTOR I
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 techniques allow for higher slew rates, gain
bandwidth products and output swing. The LF441C device provndes 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 nA/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
o Large Output Voltage Swing: +14 V
o Qutput Short Circuit Protection
EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER)
————— © Vee
®
a7
= Ji J2 y
Inputs { D2 R3 R4
+ 0O p—NVNN—T—"VWV—0 0utput
+ 21
Q4
Q3
|\~ L1l
Q Q2 E l e [:
b Q6
¢
R1 R2 RS CP

: © VEg

5 1.5kQ2
100kQ

*Null adjustment pins for LF441 only. VEE

LF441C input offset voltage
null adjust circuit

ORDERING INFORMATION
Tested

Device Function Temperature Range Package
LF441CD Single SO-8
LF441CN Plastic DIP
LF442CD Dual o N SO-8
LF442CN 0°10470°C Plastic DIP
LF444CD Quad SO-14
LF444CN Plastic DIP

LF441C
LF442C
LF444C

LOW POWER
JFET INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

a &

1 1

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

(SO-8)
PIN CONNECTIONS

1
N SUFFIX D SUFFIX

PLASTIC PACKAGE PLASTIC PACKAGE
CASE 646 CASE 751A
(SO-14)
PIN CONNECTIONS
(%
Output 1 [T} [12] Output 4
By i)
Inputs 1 [ E-;DT _“<KE } Inputs 4
+ +
Vee [4] [ Veg
Bin. AW
Inputs 2 [ E;I>2— K}ig } Inputs 3
Output 2 [7] 18] Output3

(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 v
Input Voltage Range (Notes 1 and 2) VIR +15 v
Output Short Circuit Duration (Note 3) tsc Indefinite sec
Operating Junction Temperature (Note 3) Ty +150 °C
Storage Temperature Range Tstg —60 to +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 15V, whichever is less.
3. Power dissipation must be considered to ensure maximum junction temperature (T )
is not exceeded. (See Figure 1.)

DC ELECTRICAL CHARACTERISTICS (Vcg = +15 V, VEE =-15 V, Ta = 0° to 70°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg = 10 kQ, Vo =0V) Vio mV
Single: Ta = +25°C — 3.0 5.0
Ta = 0°to +70°C — — 7.5
Dual: Tp =+25°C — 3.0 5.0
Ta =0°to +70°C — — 7.5
Quad: Tp =+25°C — 3.0 10
Ta = 0°to +70°C — — 12
Average Temperature Coefficient of Offset Voltage (Rg = 10 kQ, Vo =0V) AV|O/AT — 10 — uv/eC
Input Offset Current (Vopm =0V, Vo =0V) o
Ta = +25°C — 0.5 50 pA
TA = 0°to +70°C — — 1.5 nA
Input Bias Current (VoM =0V, Vo =0V) B
TA = +25°C — 3.0 100 pA
Tp = 0°to +70°C — — 3.0 nA
Common Mode Input Voltage Range (T = +25°C) VICR — +14.5 +11 \
-1 -12 —
Large Signal Voltage Gain (Vo =+10 V, R = 10 kQ) AvoL V/imV
TA = +25°C 25 60 —
Tp = 0°10 +70°C 15 — —
Output Voltage Swing (R = 10 kQ) Vo + +12 +14 —_ Vv
Vo- — -14 —12
Common Mode Rejection (Rg <10 kQ,Vocm = VICR. VO =0V) CMR 70 86 — dB
Power Supply Rejection (Rg =100Q,Vcm=0V,Vo=0V) PSR 70 84 — dB
Power Supply Current (No Load, Vg =0 V) Ip uA
Single — 200 250
Dual —_ 400 500
Quad — 800 1000
AC ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEE =15 V, Tp = +25°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Slew Rate (Vin =—10Vto +10 V, R = 10 kQ, Cp_ = 10 pF, Ay = +1.0) SR 0.6 6.0 — V/us
Settling Time To within 10 mV tg — 1.6 —_ us
(Ay=-1.0, RL. =10kQ, Vo =0V 1o +10V) To within 1.0 mV — 22 —
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 Ri — 1012 — Q
Channel Separation (f = 1.0 Hz to 20 kHz) CS — 120 — dB
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Ijg INPUT BIAS CURRENT (nA) Pp, MAXIMUM POWER DISSIPATION (mW)

POSITIVE INPUT COMMON MODE

+V|CR,

Vec=+15V
100 r— VEE=-15V
Vem=0V
10 4
',’
10 y
” ‘
0.1 pr
0.01 e
L~
b
0.001 -_4"’"

VOLTAGE RANGE (V)

&
o

LF441C, LF442C, LF444C

Figure 1. Maximum Power Dissipation versus
Temperature for Package Variations

2400
2000
8 & 14 Pin Plastic Package
1600 N
R SO-14 TN
1200 ™
NJ TN d \\\
N TN
800 S0-8 Sy
N~ N
400 N
0 111
-55-40 -20 0 20 40 60 80 100 120 140 160

Ta , AMBIENT TEMPERATURE (°C)

Figure 3. Input Bias Current versus Temperature
1000 , I

-55 -25 0 25 50 75 100 125
Ta , AMBIENT TEMPERATURE (°C)

Figure 5. Positive Input Common Mode Voltage
Range versus Positive Supply Voitage

20 ‘ I J /,

_55°C <Tp <125°C .-

—_
o
Y

—-
o

o

o

5.0 10 15 20
V¢, POSITIVE SUPPLY VOLTAGE (V)

-ViCR,NEGATIVE INPUT COMMON MODE

Ip, SUPPLY CURRENT PER AMPLIFIER (1A)

Figure 2. Input Bias Current versus
Input Common Mode Voltage

20
= L Veo=+15V
2 VEg=-15V J
E 15— Tx< 959
E 15[ Ta=25C /
=
[o 4
=2
3 /
(7]
< 10 /
5
2 5.0 /
2" 7

0

-10 -5.0 0 5.0 10

VicR, INPUT COMMON MODE VOLTAGE (V)

Figure 4. Supply Current versus Supply Voltage
300

260

125°C
220 250

180 Lr 55C

140

100

0 5.0 10 15 20 25
Ve, | VEE |, SUPPLY VOLTAGE (V)

Figure 6. Negative Input Common Mode Voltage
Range versus Negative Supply Voltage

-20 I |

_55°C <Tp <125°C .

L
o
.

VOLTAGE RANGE (V)
3

]
[
o

0 -5.0 -10 -15 -20
VEE, NEGATIVE SUPPLY VOLTAGE (V)
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Vo, OUTPUT VOLTAGE (V)

Vo,0UTPUT VOLTAGE SWING (Vp-p)

GBW, NORMALIZED GAIN BANDWIDTH PRODUCT

LF441C, LF442C, LF444C

Figure 7. Output Voltage versus Output

Source Current

20 T T
Vec=+15V
| VEg=-15V
15 '
C \125°C
-55°C 25°C \ \
10
\\ \\ \
5.0 \
% 10 20 30 40 50 60 70 80
lo, OUTPUT SOURCE CURRENT (mA)
Figure 9. Output Voltage Swing
versus Supply Voltage
40 I I I
| RL=10kQ
35 [T _s5°C <Tp<125°C
30 =
L~
25 )
20 / v
15 >
10
50 o
0
0 20 40 60 80 10 12 14 16
Ve, | VEE |, SUPPLY VOLTAGE (V)
Figure 11. Normalized Gain Bandwidth
Product versus Temperature
14 Veg=+5V
13 VEg=-15V
RL=10kQ
12 CL=100pF
IR s I
1.0 T —
\ L
09 =1
08 n
0.7
0.6
75 -50 -25 0 25 50 75 100 125

Ta, AMBIENT TEMPERATURE (°C)

AyoL, OPEN-LOOP VOLTAGE GAIN (dB)

Figure 8. Output Voltage versus

f, FREQUENCY (MHz)

Output Sink Current
el I I
| Vgc=+15V
VEg=-15V
s -15 i o
= [—— -55°C
[} N
£ N\
S 125°C 25°C \
=
p
o
=
>
© -50
L
0
0 20 40 60 80 10 12 14 16 18 20
-lp, OUTPUT SINK CURRENT (mA)
Figure 10. Output Voltage Swing
versus Load Resistance
- 28 =
Qo
= 2
o
S
= 2
i 7
g 2
§ /
Z 2
';;, ~ Vec=+15V.
5 18 7 VEg=-15V
5] TA = 25°(|>
§> 16 4 1
1.0k 20k 30k 4.0k 60k 80k 10k
Ry, LOAD RESISTANCE (Q)
Figure 12. Open-Loop Voltage Gain and
Phase versus Frequency
20 - %0 Z
N T~ E
~N Phase I
10 NS 135 @
~‘\\ N, (U,:,’l
0 180 %
w0
— Voo=+15V —IN \ a
| VEg=-15V Gain | N e
-10 N 225 33
RL=10kQ N, e
| CL=100pF 3
-20— Ta=25°C }l 270
L1
0.1 1.0 10
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LF441C, LF442C, LF444C

Figure 14. Total Output Distortion

Figure 13. Slew Rate versus Temperature versus Frequency
8.0 25 T
. Vec=+15V
—_ £ 20 VEg=-15V
[} a o
270 —— 3 Tp =25°C
- =
E a2 \ g 15
2 N g
6.0 . =}
& \ 5
@ ‘.\ g 10
= _ \ 3 Ay =100
750 xgg::: \\/, g 05 pN4
RL=10kQ = w=10_| /]
0 Ay=+1.0 0 >
4.
-75 -50 -25 0 25 50 75 100 125 10 100 1.0k 10k 100 k
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (H2)
Figure 15. Output Voltage Swing Figure 16. Open-Loop Voltage
versus Frequency Gain versus Frequency
T = 100
= ™~
-
a 30 = N
= S 8 AN
2 8 \\
z \ E w0 N\
g = 2 AN
= \ S )
3 Vec=+15V ] N
[ VEE=-15V \ z 4 \
2 10 | RL=10kQ N I Veeo=+15V
E Ay=+10 N S o0 | VEE=-15V N,
S | 1%THD g % |rL=10k N\
L o LTa=25C < L= NS
1.0k 10k 100k 1.0M 0.1 10 10 100 1.0k 10k 100k 1.0M 10M
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
Figure 17. Common Mode Rejection Figure 18. Power Supply Rejection
0 versus Frequency versus Frequency
140 TTITI T T 117
_ M T I T zcc“:g\\/, ? Vo
o o == 4
S120 H 120 | YEE
= AVem O l O avg I = Ta=25°C Vo
2 100 i 2 100 == AV
] AV, 5 . +PSR = S AVEe
AP CMR=20L°9(—§/C—MXADM) it = By RN RITI RR T
4 80 Sty Avo 4 80 i PSRITTIINSL T (aveg 215 v)
u [~ > | (AVEE=+15 VN
2 60 Sy T 60 f
Ve =+15V ™~ 2 AVQ A
8 | veg=-15v S & 40 | +PSR=20log ( 0/Aon ) ~ LN
= w Avee I
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en.INPUT NOISE VOLTAGE ( nV/\Hz)

Zg, OUTPUT IMPEDANCE ()

LF441C, LF442C, LF444C

Figure 19. Input Noise Voltage versus Frequency

70

60

50 N

40

% Veg=+15V

. o

10 Ta=2c |1
1

10 100 10K 10K 100k

f, FREQUENCY (Hz)

Figure 21. Output Impedance versus Frequency

350 TTTH

Veo= +15V
800 ’_ VEg=-15V
250 — | TA=25°C
200 5 i

V] 1
150 A
Ay =100 =10/AV=104
100 v y
A / V]
50 7 A v
0 L~
100 1.0k 10k 100k 1.0M

f, FREQUENCY (Hz)

AyQL; OPEN-LOOP VOLTAGE GAIN (V V)

Vo, OUTPUT VOLTAGE STEP FROM 0 V (V)

Figure 20. Open-Loop Voltage
Gain versus Supply Voltage

1.0M T T
—
R =10kQ
100 k
25°C
| A~ o
> 125°C
P
»
L~ -55°C
10k ]
5.0 10 15 20 25
Vee, | VEg |, SUPPLY VOLTAGE (V)
Figure 22. Inverter Settling Time
[ ] ' I I
10—VCC= +5V T 4 /
VEg=-15V 10 mV /
[~ =250 1.0mV
5.0 p
0
\\ \\
-5.0 N
N \1'0 mv
10mv N
_10 AREFIANLN
0.1 1.0 10

ts, SETTLING TIME (us)
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LF441C, LF442C, LF444C

SMALL SIGNAL RESPONSE

Figure 23. Inverting Figure 24. Noninverting

Vec=+15V
VEE=-15V
RL = 10kQ
Cp=10pF
Ay=+1.0
TA=25°C

Vec=+15V
VEE=-15V
RL=10kQ
CL=10pF
Ay=-1.0
TA=25°C

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

t, TIME (0.5 ps/DIV) 1, TIME (0.5 ps/DIV)

LARGE SIGNAL RESPONSE

Figure 25. Inverting Figure 26. Noninverting

Veo=+15V
VEg=-15V
RL=10kQ
CL=10pF
Ay=-1.0
TA=25°C

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

t, TIME (2.0 ps/DIV) 1, TIME (2.0 us/DIV)
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MOTOROLA LM11C
SEMICONDUCTOR I LM11CL

TECHNICAL DATA
n Precision Operational Amplifiers
The LM11C is a precision, low drift operational amplifier providing the best PRECISION
features of existing FET and Bipolar op amps. Implementation of super gain OPERATIONAL AMPLIFIERS
transistors allows reduction of input bias currents by an order of magnitude over
) h . SILICON MONOLITHIC
earlier devices such as the LM308A. Offset voltage and drift have also been INTEGRATED CIRCUIT

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.

Offset balancing is provided, with the range determined by an external
low resistance potentiometer. Compensation is provided internally, but
external compensation can be added for improved stability when driving
capacitive loads.

The precision characteristics of the LM11C make this device ideal for
applications such as charge integrators, analog memories, electrometers, 8
active filters, light meters and logarithmic amplifiers. 1

@ |ow Input Offset Voltage: 100 pV N SUFFIX
® | ow Input Bias Current: 17 pA PLASTIC PACKAGE
® | ow Input Offset Current: 0.5 pA CASE 626
® |ow Input Offset Voltage Drift: 1.0 pVv/°C
® | ong-Term Stability: 10 uV/year
® High Common Mode Rejection: 130 dB
Schematic Diagram
Balance Compensation
P9 [ oV
cc
ng E"‘“ PIN CONNECTIONS
17.4k 174k e
4 ¢ . o1ﬂ—' a8 Balance 7] 8] Balance
3.0pF = 2] Vee
Inputs { B (%] Output
Vee 4] 5] Compensation
(Top View)
“wh
3L
- O oF
Inputs 2.0k
4+ 0 Q26
7.0k
Yy 1.0k 1.0k
011f|_] 1015 Voo 47V
Q30 Q33
Q12 v,
ars cEazo Q21
Q141
Q2ae’ 50k ORDERING INFORMATION
6.2k swod 92 Q23 Operatin
1.2k oV Device Temperature Range | Package
EE
LM11CLN, CN 0°to +70°C Plastic DIP
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LM11C, LM11CL

MAXIMUM RATINGS

Rating Symbol Value Unit

Power Supply Voltage Vce to VEE 40 Vdc

Differential Input Current (Note 1) D +10 mA

Output Short Circuit Duration (Note 2) tsc Indefinite

Power Dissipation (Note 3) Pp 500 mwW

Operating Junction Temperature Ty 85 °C

Storage Temperature Range Tstg -551t0 +125 °C

ELECTRICAL CHARACTERISTICS (T, = 25°C, unless otherwise noted [ Note 4] .)
LM11C LM11CL
Characteristics Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage Vio —_ 0.2 0.6 — 0.5 5.0 mV
Tiow to Thigh — - 0.8 — — 6.0

Input Offset Current llo . 1.0 10 -—_ 4.0 25 pA
Tiow to Thigh — — 20 —_ - 50

Input Bias Current B — 17 100 —_ 17 200 pA
Tiow to Thigh — — 150 — — 300

Input Resistance i - 1011 — - 1011 — Q

Input Offset Voltage Drift AVIO/AT — 2.0 5.0 — 3.0 — uv/ec
Tiow t0 Thigh

Input Offset Current Drift AllO/AT — 10 - —_ 50 — FAPC
Tiow to Thigh

Input Bias Current Drift Alg/AT —_ 0.8 3.0 - 1.4 — pA/°C
Tiow o Thigh

Large Signal Voltage Gain AvoL V/imV
Vg =15V, Vout =£12 V, Igyt = £2.0 mA 100 300 - 25 300 —

Tiow to Thigh (Note 5) 50 — — 15 — .
Vg =+15V, Vgyt = 12V, lgyt = 0.5 mA 250 1200 — 50 800 —
Tiow to Thigh 100 —_ — 30 — —

Common Mode Rejection CMR dB
Vg=+15V,-13V<Vom <14V 110 130 — 96 110 —
Vg=%15V,-125V<Vom <14V, 100 — - 90 - —

Tiow to Thigh

Power Supply Rejection PSR dB
+25V<Vg<+20V 100 118 — 84 100 —
Tiow to Thigh 96 — — 80 — —

Power Supply Current Ip — 0.3 0.8 — 0.3 0.8 mA
Tiow 10 Thigh : — — 1.0 —_ — 1.0

Output Short Circuit Current Isc - +10 —_ — +10 —_ mA
TJ = 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 kQ resistance in each input is suggested to prevent possible
latch-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).
- These specifications apply for VEE +2.0 V < VoM <Veg 1.0 V (VEE +2.5 V < VoM < Vo —1.0 V for Tigw to Thigh) and £2.5 V :
< Vg <120 V Tgw to Thigh: 0°C < Ty < +70°C for LM11C and LM11CL
Vout = £11.5 V, all other conditions unchanged.

H»w N

bl

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA ‘
2-35



IjB, INPUT BIAS CURRENT (pA)
3

TCVIO’ TEMPERATURE COEFFICIENT OF

LM11C, LM11CL

Figure 1. Input Bias Current
versus Case Temperature
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AVOL' OPEN-LOOP VOLTAGE GAIN (dB)

PSR, POWER SUPPLY REJECTIOJN (dB)

AyoL VOLTAGE GAIN (dB)

LM11C, LM11CL

Figure 7. Open-Loop Voltage Gain
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LM11C, LM11CL

Figure 13. Closed-Loop Output Impedance
versus Frequency
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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 summing amplifier
configuration. Direct connection of the inputs to a low
impedance source or ground should be avoided when supply
voltages greater than approximately 3.0 V are used. The
potential problem involves reversal of one supply which can
cause excessive 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 puF are used in the supply bus.

Disconnecting one supply will generally cause reversal due
to loading of the other supply within the IC and in external
circuitry. Although the problem can usually 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 currentto 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 pc board) with a conductive
guard ring connected to a low impedance potential nearly the
same as that of the inputs. )

Guard ring electrical connections for common operational
amplifier configurations are illustrated in Figure 14.
Electrostatic shielding is suggested in high impedance
circuits.

Error voltages in external circuitry can be generated by
thermocouple effects. Dissimilar metals along with
temperature gradients can set up an error voltage ranging 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. Problems 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, particularly
when driving capacitive loads.

Figure 14. Guard Ring Electrical Connections for Common Amplifier Configurations

Summing Amp (Inverting)
| R1 R2 R1
nput O—\\\— L—'\Nv—
~ =

Noninverting
R2

R3

Output v
+ Input

Voltage Follower

Output
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LM11C, LM11CL

Figure 15. Input Protection for Figure 16. Input Protection for
Summing (Inverting) Amplifier a Voltage Follower n

R3
Input O
R1
© Output R1 Output
Input
R3 < 10k 10k

S y . - Input current is limited by Rt when the input exceeds
Currentis limited by R1 in the event the input s connected ; P
to a low impedance source outside the common mode :'l:gslgdvoltage, power supply is turned off, or outputis

range of the device. Current is controlled by R2 if one
supply reverses. R1 and R2 do not affect normal
operation.

Figure 17. Cable Boot Strapping and input Shields

o

—O Output ’
Input Input o—é)?ﬁ
—O OQutput
Ic
= R

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

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

Figure 18. Adjusting Input Offset Voltage with Balance Potentiometer

Vee
Minimum
Adjustment Range R
(mV) Q)
+0.4 1.0k
o—i- +1.0 3.0k
Output 120 10k
ets 1, P _ 150 100k

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

SEMICONDUCTOR M

TECHNICAL DATA

Operational Amplifier

A general purpose operational amplifier that allows the user to choose the
compensation capacitor best suited to his needs. With proper compensation,
summing amplifier slew rates to 10 V/us can be obtained.

® |ow Input Offset Current: 20 nA Maximum OverTemperature Range

Output Short Circuit Protection

[ ]
[ ]
[ ]
® Guaranteed Drift Characteristics

External Frequency Compensation for Flexibility
Class AB Output Provides Excellent Linearity

LM101A
LM201A
LM301A

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Figure 1. Standard Compensation
and Offset Balancing Circuit

VEE

Inverting
Input
Output

Noninvert-

ing Freq
InpuBalance OCompen

Balance

4 5.1MQ
10MQ < 30pF

W0 Vg

Figure 2. Double-Ended
Limit Detctor

ViT @—0— Vo =4.8Vfor

VirsViswyr

EE vg=-04V
Vi<V or V> Vyrt

(Pins Not Shown Are Not Connected)

oy

Figure 3. Representative Circuit Schematic

N SUFFIX
PLASTIC PACKAGE
CASE 626
(LM201A and LM301A)

J SUFFIX
CERAMIC PACKAGE
CASE 693

)

N+
R

fm

D SUFFIX
PLASTIC PACKAGE
CASE 751
(S0-8)

BQ

1

PIN CONNECTIONS

Balance [1] 18] Compensation

Vee

2}
Inputs
np [ Ell} 6] Output
VEe [4] 5] Balance

(Top View)

ORDERING INFORMATION

Balance © © Compensation
~ '/T P’T O Ve
O
Inputs
+
50
R
N
450 J»—[:
40k 40k 80k
5k 320k 310k 1.0k

' 250 iaalance 6

O VEE

Temperature
Device Range Package

LM101AJ -55° to +125°C Ceramic DIP
LM201AD S0-8
LM201AN —25° to +85°C Plastic DIP
LM201AJ Ceramic DIP
LM301AD S0-8
LM301AN 0° to +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 Vce, VEE +22 +22 +18 Vdc
Input Differential Voltage ViD < +30 > \ ‘
Input Common Mode Range (Note 1) VICR < +15 > \
Output Short Circuit Duration tsc [«———— Continuous ——————
Power Dissipation (Package Limitation) Pp
Plastic Dual-In-Line Package (LM201A/ — 625 625 mwW
Derate above Tp = +25°C 301A) — 5.0 5.0 mW/°C
Ceramic Package (LM101A) < 750 > mwW
Derate above 25°C < 6.6 »| mW/°C
Operating Ambient Temperature Range TA -5152t50 —25t0+85 | Oto +70 °C
+
Storage Temperature Range Tstg [ €— —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 (Tp = +25°C, unless otherwise noted.) Unless otherwise specified, these specifications apply for
supply voltages from +5.0 V to +20 V for the LM101A and LM201A, and from +5.0 V to +15 V for the LM301A.

LM101A
LM201A LM301A
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 50 kQ) Vio - 0.7 2.0 —_ 2.0 75 mV
Input Offset Current llo — 1.5 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 — MQ
Supply Current lcc.EE mA
VCC/VEE =120 V — 1.8 3.0 —_ — —
VCC/VEg =#15V — — — — 1.8 3.0 |
Large Signal Voltage Gain Ay 50 160 —_ 25 160 — VimV
(VCC/VEE =15V, Vo =110 V, R > 2.0 kQ)
The following specifications apply over the operating temperature range.
Input Offset Voltage (Rg < 50 kQ) Vio — — 3.0 — — 10 mV
Input Offset Current o - — 20 — — 70 nA
Avg Temperature Coefficient of Input Offset Voltage | AV|o/AT — 3.0 15 — 6.0 30 uvrec
TA(min) < Tp < Ta (max)
Avg Temperature Coefficient of Input Offset Current | Aljo/AT nA/°C
+25°C < TA < TA (max) — 0.01 0.1 - 0.01 0.3
TA(min) < Tp <25°C - 0.02 0.2 — 0.02 0.6
Input Bias Current B — — 100 —_ —_ 300 nA
Large Signal Voltage Gain AvoL 25 - — 15 - —_ VimV
(VCC/VEE =15V, Vo =+10V, R > 2.0 kQ)
Input Voltage Range VICR \
VCC/VEE =20 V -15 — +15 — — —
VCC/VEE =15V — —_ —_ -12 — +12
Common Mode Rejection (Rg < 50 kQ) CMR 80 96 - 70 90 - dB
Supply Voltage Rejection (Rg <50 kQ) PSR 80 96 — 70 96 — dB
Output Voltage Swing Vo +12 +14 — +12 +14 — \
(Vce/VEE =+15 V, R = £10 kQ, R > 2.0 kQ) +10 +13 - +10 +13 —
Supply Currents (Tp = TA(max), Voo/VEE =120 V) | Icc.IEE — 1.2 25 — — — mA
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V|R, INPUT VOLTAGE RANGE (V)

Ay, VOLTAGE GAIN (dB)

Ay, VOLTAGE GAIN (dB)

LM101A, LM201A, LM301A

Figure 4. Minimum Input Voltage Range

Figure 5. Minimum Output Voltage Swing
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VIR; VOR, VOLTAGE RANGE (V)

Vop: OUTPUT VOLTAGE RANGE ( V)

LM101A, LM201A, LM301A

Figure 10. Voltage Follower Pulse Response

Figure 11. Open-Loop Frequency Response
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MOTOROLA
SEMICONDUCTOR S
TECHNICAL DATA

Highly Flexible Voltage
Comparators

The ability to operate from a single power supply of 5.0 Vto 30 Vor+15V
split supplies, as commonly used with operational amplifiers, makes the
LM111/LM211/LM311 a truly versatile comparator. Moreover, the inputs of the
device can be isolated from system ground while the output can drive loads
referenced either to ground, the Vg 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 V at currents to 50 mA. Thus the LM111/LM211/LM311 can be
used to drive relays, lamps or solenoids.

Typical Comparator Design Configurations

Split Power Supply with Offset Balance Single Supply
Vee

Output

Inputs

Output Output

VeE = VEE
Input polarity is reversed when Input polarity is reversed when
Gnd pin is used as an output. Gnd pin is used as an output.
Load Referred to Positive Supply Strobe Capability

Output

LM111
LM211
LM311

HIGH PERFORMANCE
VOLTAGE COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

N SUFFIX
PLASTIC PACKAGE
CASE 626

J-8 SUFFIX
CERAMIC PACKAGE
CASE 693

wﬁﬁ

D SUFFIX
PLASTIC PACKAGE
CASE 751
(S0O-8)

3

8

PIN CONNECTIONS
Gnd[7] [5] Vec
Inputs Output
[¢] Balance/Strobe

15| Balance

(Top View)

ORDERING INFORMATION

Inputs

Output
TTL Strobe

Device | Temperature Range Package
LM111J-8 —-55° to +125°C Ceramic DIP
LM211D o o S0-8
LM211J-8 —25°10+85°C | Geramic DIP
LM311D S0-8
LM311J-8 0°to +70°C Ceramic DIP
LM311N Plastic DIP
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LM111, LM211, LM311

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

Rating Symbol LM111/LM211 LM311 Unit
Total Supply Voltage Voo + IVeg ! 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 ViD +30 +30 Vdc
Input Voltage (Note 2) Vin +15 +15 Vdc
Voltage at Strobe Pin — VecetoVee-5 | Vecto Vee-5 Vdc
Power Dissipation and Thermal Characteristics
Plastic and Ceramic Dual-In-Line Packages Pp 625 mwW
Derate Above Tp = +25°C 1/64A 5.0 mW/°C
Operating Ambient Temperature Range TA °C
-55to +125 —_
—251t0 +85 -
— 0to +70
Operating Junction Temperature TJ(max) +150 +150 °C
Storage Temperature Range Tstg —-65to +150 —65to +150 °C

ELECTRICAL CHARACTERISTICS (Vo = +15V, VEg = -15 V, TA = 25°C, unless otherwise noted [Note 1].)

LM111/LM211 LM311
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Note 3) Vio mV
Rs < 50 kQ, Tp = +25°C — 0.7 3.0 — 2.0 7.5
Rs < 50 kQ, Tjow < TA < Thigh” — — 4.0 — — 10
Input Offset Current (Note 3) Ta = +25°C llo — 1.7 10 — 1.7 50 nA
Tiow < TA < Thigh” — — 20 — — 70
Input Bias Current Tp = +25°C B — 45 100 — 45 250 nA
Tiow < TA < Thigh” — — 150 — — 300
Voltage Gain Ay 40 200 — 40 200 — V/mV
Response Time (Note 4) — 200 — — 200 — ns
Saturation Voltage VoL \
V|p £-5.0 mV, Ig =50 mA, Ta = 25°C — 0.75 1.5 — — —
VID £-10 mV, 1o = 50 mA, Ta = 25°C - - — — 0.75 1.5
Ve 245V, VEE =0, Tiow < TA < Thigh”
V|p £<6.0 mV, Igink < 8.0 mA — 0.23 0.4 — — —
Vip £510 mV, Igink 8.0 mA — — — — 0.23 0.4
Strobe "On” Current (Note 5) Is — 3.0 —_ — 3.0 — mA
Output Leakage Current )
Vip 25.0 mV, Vo= 35 V, T = 25°C, lsrope= 3.0 mA — 0.2 10 — — — nA
VID =10 mV, VO= 35 V, T = 25°C, Istrobe= 3.0 mA — — — — 0.2 50 nA
VID > 5.0 mV, YO=35V, Tiow < TA < Thigh” — 0.1 0.5 — — — uA
Input Voltage Range (Tjow < TA < Thigh*) VICR —145 | -147t0 | +13.0 | —145 | -147t0o | +13.0 \
13.8 13.8
Positive Supply Current Icc — +2.4 +6.0 — +2.4 +7.5 mA
Negative Supply Current IEE — -1.3 -5.0 — -1.3 -5.0 mA
*Tiow =-55°C for LM111 Thigh = +125°C for LM111
=-25°C for LM211 = +85°C for LM211
= 0°C for LM311 =+70°C for LM311
NOTES: 1. Offset voltage, offset current and bias current specifications apply for a supply voltage range from a single 5.0 V supply up to 15 V
supplies. |

2. This rating applies for +15 V supplies. The positive input voltage limit is 30 V above the negative supply. The negative input voltage |
limit is equal to the negative supply voltage or 30 V below the positive supply, whichever is less.

3. The Offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with
a 1.0 mA load. Thus, these parameters define an error band and take into account the "worst case” effects of voltage gain and input
impedance.

4. The response time specified is for a 100 mV input step with 5.0 mV overdrive.

5. Do not short the strobe pin to ground; it should be current driven at 3.0 mA to 5.0 mA.
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118, INPUT BIAS CURRENT (nA)

115 INPUT BIAS CURRENT (n)

Balance/Strobe

LM111, LM211, LM311

Figure 1. Circuit Schematic
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LM111, LM211, LM311

Figure 6. Response Time for

= Various Input Overdrives Various Input Overdrives
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OUTPUT LEAKAGE CURRENT (mA)

LM111, LM211, LM311

Figure 12. Output Leakage Current

versus Temperature
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APPLICATIONS INFORMATION

Figure 15. Improved Method of Adding
Hysteresis Without Applying Positive
Feedback to the Inputs

O +15V

Output

Figure 16. Conventional Technique
for Adding Hysteresis

O +15V

4.7k

510k
M

30
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LM111, LM211, LM311

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 pF 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 kQ
to 100 k<2), 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
recommended, as shown in Figure 15.

The trim pins (Pins 5 and 6) act as unwanted auxiliary
inputs. If these pins are not connected 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 5 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 very
short lead length or printed-circuit foil run between comparator
and resistor to radiate or pick up signals. The same applies to
capacitors, pots, etc. For example, if R1 = 10 k<, 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

Voe =+15V

Balance
Adjust
10k
Balance

Input
P Output

to CMOS Logic

Since feedback to almost any pin of a comparator can result
in oscillation, the printed-circuit layout 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 any fast 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 a 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 advisable 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 kQ from the output to the positive input will cause about
3.0 mV of hysteresis. However, if R2 is larger than 100 Q, such
as 50 ke, it would not be practical to simply increase the value
of the positive feedback resistor proportionally above 510 kQ
to maintain the same amount of hysteresis.

When both inputs of the LM111 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 is ideal. The positive
feedback is applied to Pin 5 (one of the offset adjustment pins).
This will be sufficientto cause 1.0 mV 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 Q resistor swings 240 mV below the positive supply. This
signal is centered around the nominal voltage at Pin 5, so this
feedback does not add to the offset voltage of the comparator.
As much as 8.0 mV of offset voltage can be trimmed out, using
the 5.0 kQ pot and 3.0 kQ resistor as shown.

Figure 18. Relay Driver with Strobe Capability

VEE Veet Veez

*Zener Diode D1

protects the comparator
from inductive kickback
T and voltage transients
Strobe on the Vg2 supply line.
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Quad Low Power Operational
Amplifiers

The LM124 series are low-cost, quad operational amplifiers with true
differential inputs. These have several distinct advantages over standard
operational amplifier types in single supply applications. The quad amplifier can
operate at supply voltages as low as 3.0 V or as high as 32 V with quiescent
currents about one fifth of those associated with the MC1741 (on a per amplifier
basis). The common mode input range includes the negative 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

® True Differential Input Stage

Single Supply Operation: 3.0 Vto 32 V

Low Input Bias Currents: 100 nA Max (LM324A)
Four Amplifiers Per Package

Internally Compensated

Common Mode Range Extends to Negative Supply
Industry Standard Pinouts

ESD Clamps on the Inputs Increase Ruggedness without Affecting
Device Operation

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

LM124
LM224
Rating Symbol LM324,A LM2902 Unit
Power Supply Voltages Vde
Single Supply Vce 32 26
Split Supplies Vce, VEE +16 +13
Input Differential Voltage VIDR 32 +26 Vde
Range (1)
Input Common Mode Voltage VICR -0.3t0 32 -0.3t0 26 Vde
Range
Output Short Circuit Duration tsc Continuous
Junction Temperature Ty : °C
Ceramic Package 175
Plastic Packages 150
Storage Temperature Range Tstg °C
Ceramic Package -65 to +150
Plastic Packages -55to +125
Operating Ambient : TA °C
Temperature Range
-55to0 +125 —
-25 to +85 -
0to +70 —_
—_ —40 to +105

NOTE: 1. Split Power Supplies.

LM124, LM224,
LM324, LM324A,
LM2902

QUAD DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

14
1

J SUFFIX N SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646
(LM224, LM324,
LM2902 Only)
D SUFFIX
« PLASTIC PACKAGE
had CASE 751A
(S0-14)
PIN CONNECTIONS
%
Out 1[T] 4] Out 4
2 13|
Inputs 1 {Eb—‘ :I } Inputs 4
El 2]
vee [4] 1] Ve, Gnd
(5] 0]
— [@ |
np E% Bl Inputs 3
out2[7 (8] Out3
(Top View)

ORDERING INFORMATION

Device | Temperature Range Package
LM124J —55° to +125°C Ceramic DIP
LM2902D . N 50-14
LM2goen | 4°10H108C DI
LM2902J —40° to +85°C Ceramic DIP
LM224D SO-14
LM224J —25° to +85°C Ceramic DIP
LM224N Plastic DIP
LM324AD $O-14
LM324AN Plastic DIP
LM324D 0°to +70°C SO-14
LM324J Ceramic DIP
LM324N Plastic DIP
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ELECTRICAL CHARACTERISTICS (Vg = 5.0V, VEE = GND, Tp = 25°C, unless otherwise noted.)

LM124/LM224 LM324A LM324 LM2902
Characteristics Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio mv
Vee =5.0Vto30V (26 V for LM2902),
VicR=0VtoVgg-1.7V,Vp=14V,Rg=0Q
IC$A =25°C ce ° s — 2.0 5.0 - 20 3.0 - 20 7.0 _ 20 7.0
TA = Thigh to Tiow (Note 1) - - 7.0 - - 5.0 - - 9.0 - - 10
Average Temperature Coefficient of Input Offset Voltage AVio/AT — 7.0 — — 7.0 30 —_ 7.0 — — 7.0 — pv/ec

TA= Thigh to Tiow (Note 1)

Input Offset Current o - 3.0 30 — 5.0 30 — 5.0 50 - 5.0 50 nA

TA = Thigh to Tiow (Note 1) — — 100 — — 75 — — 150 - —_ 200
Average Temperature Coefficient of Input Offset Current Alo/AT — 10 - _ 10 300 — 10 - - 10 — pA°C

TA = Thigh 0 Tiow (Note 1)

Input Bias Current [IT:) —_ -90 -150 _ —45 -100 — -90 -250 — -90 -250 nA

TA= Thigh to Tiow (Note 1) - — -300 - —_ —200 - - -500 —_ - -500
Input Common Mode Voltage Range (Note 2) VicR Vv

Vce =30V (26 V for LM2902) 0 — 28.3 0 — 28.3 0 — 28.3 0 — 243

Vce =30V (26 V for LM2902), Ta = Thigh 10 Tiow 0 — 28 0 — 28 0 — 28 0 - 24
Differential Input Voltage Range VIDR —_ — Vee —_ _ Vee — — Vee - — Vee v
Large Signal Open-Loop Voltage Gain AvoL VimV

R =2.0kQ, Vg = 15V, for Large Vo Swing, 50 100 - 25 100 — 25 100 —_ 25 100 —

TA = Thigh 0 Tiow (Note 1) 25 - — 15 - — 15 — — 15 — —

Channel Separation cs — -120 — —_ -120 - - -120 - —_ -120 —_ dB

10 kHz < f < 20 kHz, Input Referenced
Common Mode Rejection CMR 70 85 - 65 70 —_ 65 70 — 50 70 — dB

Rg<10kQ
Power Supply Rejection PSR 65 100 — 65 100 — 65 100 — 50 100 — dB
Output Voltage—High Limit (Tp = Thigh to Tiow) (Note 1) VoH )

Vec=5.0V,R . =2.0kQ Tp = 2?"0 3.3 35 - 33 35 —_ 33 35 — 33 35 —

Vcc =30V (26 V for LM2902), R = 2.0 kQ 26 — — 26 - — 26 — — 22 — —

Ve =30V (26 V for LM2902), R = 10 kQ 27 28 —_ 27 28 — 27 28 — 23 24 —

Output Voltage — Low Limit VoL — 5.0 20 — 5.0 20 — 5.0 20 - 5.0 100 mv

Vce = 5.0V, R = 10KkQ, T = Thigh to Tiow (Note1)

Output Source Current (Vip =+1.0V,Vcc =15V) o4+ mA

Ta=25°C 20 40 — 20 40 — 20 40 —_— 20 40 —

TA = Thigh 10 Tiow (Note 1) 10 20 — 10 20 - 10 20 — 10 20 -

Output Sink Current lo- mA

(Vip=—1.0V,Vgc=15V)

Ta=25C 10 20 - 10 20 —_ 10 20 - 10 20 —_
TA = Thigh to Tjow (Note 1) 5.0 8.0 — 5.0 8.0 — 5.0 8.0 —_ 5.0 8.0 -

(Vip =-1.0V, Vg = 200 mV, Tp = 25°C) 12 50 — 12 50 - 12 50 —_ — — — HA
Output Short Circuit to Ground (Note 3) Isc - 40 60 — 40 60 — 40 60 — 40 60 mA
Power Supply Current (Tp = Thigh to Tjow) (Note 1) lcc mA

Vgc =30V (26 V for LM290°2), Vo=0V,R| == — — 3.0 — 1.4 3.0 - - 3.0 — — 3.0

Vee=50V,Vo=0V,R == — — 1.2 — 0.7 1.2 — — 1.2 — — 1.2

NOTES: 1. Tjgy = -55°CforLM124 Thigh = +1 25°C for LM124 2. Theinputcommon mode voltage or either input signal voltage should notbe allowed to go negative
= =25°C for LM224 = +85°C for LM224 by more than 0.3 V. The upper end of the common mode voltage range is Vo —1.7 V.
= 0°CforLM324, A = +70°C for LM324,A 3. Short circuits from the output to Vo can cause excessive heating and eventual destruction.
= —40°C for LM2902 = +105°C for LM2902 Destructive dissipation can result from simultaneous shorts on all amplifiers.
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LM124, LM224, LM324,A, LM2902

Representative Circuit Schematic

differential to single ended converter Q3 and Q4. The first

(One-Fourth of Circuit Shown) Bias Circuitry
Common to Four
Ou(t;)ut Amplifiers
- Q5 .0 > Veo
Q16 R——— Ry 0Ot4
Q13
40k
Q19
r 3
5.0pF ]
JPL Q12
AN 25 ;
+ O-
Q18 Q20
Inputs I‘B 1
E—g
-0—] Q21
I,/“‘ Q6 | Q7
Q2 Q5 [ Q1
1 Q8 Q10
Q4 Q26 r‘ \l %
—e + - ° * * o VEE/Gnd

CIRCUIT DESCRIPTION

The LM124 series is made using four internally Large Signal Voltage Follower Response
compensated, two-stage operational amplifiers. The first T Veoo18va
stage of each consists of differential input devices Q20 and F chéo ko ¢

Q18 with input buffer transistors Q21 and Q17 and the ¥ T,I\-;zé"c

stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors 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 differential to single-ended converter. The
second stage consists of a standard current source load
amplifier stage.

Single Supply

3.0V to VoC(max
R —tr

o
° 2 o
g 3 =)
o>
= VEE/Gnd

1.0 VDIV

\._

5.0 us/DIV

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

Split Supplies
Vee
g: © = 1.8VtoVgC(max)
o 2 0
ey S
g 4 o = 1.5VtoVEE(max)

VEE ‘?___T
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+ V|, INPUT VOLTAGE (V)

\oR , OUTPUT VOLTAGE RANGE (Vp-p)

ke » POWER SUPPLY CURRENT (mA)

LM124, LM224, LM324,A, LM2902

Figure 1. Input Voltage Range
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Figure 3. Large-Signal Frequency Response
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Figure 5. Power Supply Current versus
Power Supply Voltage
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Figure 2. Open-Loop Frequency
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Figure 4. Small-Signal Voltage Follower
Pulse Response (Noninverting)
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Figure 6. Input Bias Current versus
Power Supply Voltage
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LM124, LM224, LM324,A, LM2902

Figure 7. Voltage Reference Figure 8. Wien Bridge Oscillator
50k
R1

C1
——| %’ Notch Qutput R =160kQ

Q b ° VO
—o
MC1403 Yo
1
1 fo= 2nRC
For: fo =1.0kHz
V0=2.5V(1+g“;) R=16kQ
. C=0.01uF
Figure 9. High Impedance Differential Amplifier Figure 10. Comparator with Hysteresis
1
el + ) ch R R2
le{324 v W Hysteresis
- VoH HI
A R1 v, }
aR1 © Vref O 0 |
SR 0 eo 0 |
VWA O Vin o Vo
VoL '
R n Vinl | Vink
R1
o——wWv—9p VinL = 71 3 . VOL - Vred) + Veet Veet
e2 O R R1
1 VinH =R R (VOH ~ Vref) + Vref
eg=C(1+a+b)(e2-el) __ Rl
H= 21, re VoH-Vou
Figure 11. Bi-Quad Filter
R
wy 1
R 100k b 2R
| ( I( AN R1= QR 1
Y. R2 c c oot Viet=3 Voc
y VWA R TBP
—VW——e—0
100k R3=TN R2
O
5 o—  C1=10C
Vref © For fo =1.0kHz
L ) Bandpass Vret Q =10
——0
Vref L Output A3 Tgp=1
A2 2 R TN =1
AAA
O
o C =0.001 pF
Rl =1.6 MQ
Vref Where: Tgp = Center Frequency Gain R2 = 1.6 MQ
TN = Passband Notch Gain R3 =1.6 MQ
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Figure 12. Function Generator

LM124, LM224, LM324,A, LM2902

Figure 13. Multiple Feedback Bandpass Filter

1 .
Vret =7 Ve Tﬂal(l)gt:tep\llj‘:a‘v’e | ggv J_
300k C
Vret 0 A3 R1
O—9—AA—4 o Vin
. 75k o—o—o
1 0%:( o Squar R2
| e
c Ve Wave
A Outout £
Ry utpu
R1+Rc R2R1
=4 CR{R1 “R2+R1 Given: fo = center frequency

Alfp) = gain at center frequency

Choose value fy, C
Then:
Q
R3= 1%oC

R3
R1= 30

R1R3

R2= Q2Ri-R3

For less than 10% error from operational amplifier,

Qofo )
B © 0.1 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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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)

TTL and CMOS Compatible

Operation

MAXIMUM RATINGS

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

ESD Clamps on the Inputs Increase Reliability without Affecting Device

Rating Symbol Value Unit
Power Supply Voltage Vee Vdc
LM139, A/LM239, A/LM339A/LM2901 +36 or +18
MC3302 +30 or +15
Input Differential Voltage Range VIDR Vdc
LM139, A/LM239, A/LM339, A/LM2901 36
MC3302 30
Input Common Mode Voltage Range VICMR -0.3to Ve Vde
Output Short Circuit to Ground (Note 1) Isc Continuous
Input Current (Vijp < — 0.3 Vdc) (Note 2) lin 50 mA
Power Dissipation @ Tp = 25°C Pp
Ceramic Plastic Package 1.0 w
Derate above 25°C 8.0 mW/°C
Junction Temperature Ty °C
Ceramic & Metal Package 175
Plastic Package 150
Operating Ambient Temperature Range TA °C
LM139, A —551t0 +125
LM239, A —2510 +85
MC3302 —40 to +85
LM2901 —40to +105
LM339, A 0to+70
Storage Temperature Range Tstg —65 to +150 °C
Figure 1. Circuit Schematic
Vee o o + Input —Inpute  © Output
N r
A N K
) 4
L Gnd

NOTE: Diagram shown is for 1 comparator.

LM139,A

LM239,A, LM2901,
LM339,A, MC3302

QUAD COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

, N, P SUFFIX
\l PLASTIC PACKAGE
14 CASE 646
1
J, L SUFFIX R
CERAMIC PACKAGE
CASE 632 .
D SUFFIX
PLASTIC PACKAGE
« CASE 751A
* (SO-14)
PIN CONNECTIONS
U/

Output2 [ 1] 4] Output 3
Qutput 1 E E] Output 4
vee L2 2] Gnd
~ Input 1 E E +Input 4
+Input1 5] i l10] - Input 4
- Input2 E:]: itg +Input 3
+Input2 [7] (8 ] -~ Input3

(Top View)

ORDERING INFORMATION

Temperature
Device Range Package

LM139J, AJ -55°to +125°C Ceramic DIP
LM239D, AD SO-14
LM239J, AJ —25° to +85°C Ceramic DIP
LM239N, AN Plastic DIP
LM339D, AD SO-14
LM339J, AJ 0°to +70°C Ceramic DIP
LM339N, AN Plastic DIP
LM2901D ° o SO-14
LM2901N —40°100+105°C | pyasiic DIP
MC3302L o o Ceramic DIP
MC3302P —40°10 +85°C | “piagtic DIP
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ELECTRICAL CHARACTERISTICS (VG = +5.0 Vdc, Tp = +25°C, unless otherwise noted)

LM139A LM239A/339A LM139 LM239/339 LM2801 MC3302
Characteristics Symbol Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max Unit

Input Offset Voltage (Note 4) Vio - +1.0 +2.0 —_ +1.0 2.0 - +2.0 5.0 —_ +2.0 15.0 — 2.0 +7.0 — +3.0 +20 mVdc

Input Bias Current (Notes 4, 5) Iy — 25 100 — 25 250 — 25 100 — 25 250 — 25 250 — 25 500 nA
(Output in Linear Range)

Input Offset Current (Note 4) o - 3.0 125 —_ 5.0 +50 - +3.0 25 - 5.0 50 - 5.0 +50 - +3.0 | +100 nA

Input Common Mode Voltage Range VIiCMR 0 - Vee 0 — Vee 0 — Vee o — Vee 0 - Vee 0 — Vee \

-1.5 -15 -1.5 -1.5 -1.5 -1.5

Supply Current Icc
R|_ = e (For All Comparators) - 0.8 20 — 0.8 2.0 — 0.8 2.0 — 08 20 — 0.8 2.0 - 0.8 20 mA
R| =, Vo =30 Vde Ll 1.0 25 —_— 1.0 25 -_ 1.0 25 - 1.0 25 — 1.0 25 — 1.0 25

Voltage Gain AvoL 50 200 - 50 200 - - 200 - - 200 — 25 100 — 2 30 — Vimv
Ry 215 kQ, Vg = 15 Vde

Large Signal Response Time Ll - 300 - —_— 300 - - 300 - - 300 Ll - 300 —_ — 300 - ns
V| = TTL Logic Swing,
Vyef = 1.4 Vdc, VR|_ = 5.0 Vdc,
R =5.1kQ

Response Time (Note 6) — — 1.3 - — 1.3 e — 1.3 — — 1.3 — — 1.3 — — 1.3 — HS
VRL =5.0 Vdc, Ry = 5.1 kQ

Output Sink Current Isink 6.0 16 — 6.0 16 — 6.0 16 — 6.0 16 -_— 6.0 16 —_ 6.0 16 - mA
V) () 2 +1.0 Vde, V(+) = 0, Vo < 1.5 Vdc

Saturation Voltage Vsat — 130 400 — 130 400 — 130 400 — 130 400 - 130 400 - 130 500 mv
Vi(0) 2 +1.0 Vde, Vi(#) = 0, lgini < 4.0 mA

Output Leakage Current loL — 0.1 — — 0.1 — — 0.1 - — 0.1 — — 0.1 — — 0.1 — nA
Vj(+) 2 +1.0 Vdc, V(=) = 0, Vg = +5.0 Vdc

PERFORMANCE CHARACTERISTICS (Vo = +5.0 Vdc, TA = Tiow to Thigh [Note 3)

COSEOIN ‘V'6EENT ‘V'6ESNT ‘V'6ELINT

LM139A LM239A/339A LM139 LM239/339 LM23901 MC3302
Characteristic Symbol Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max Unit

Input Offset Voltage (Note 4) Vio — — 4.0 — — +4.0 - — 19.0 — — 19.0 - — 115 — — +40 mVdc

Input Bias Current (Notes 4, 5) [IT:) — — 300 - - 400 —_ —_ 300 - - 400 —_ - 500 - — 1000 nA
(Output in Linear Range)

Input Offset Current (Note 4) lio - — +100 —_ - +150 —_ —_ +100 -— — +150 - — 200 —_ —_— +300 nA

Input Common Mode Voltage Range VicMR 0 — Vee 0 — Vee 0 — Vee 0 — Vee 0 - Vee 0 - Vee v

-2.0 -2.0 -2.0 -2.0 -2.0 -2.0

Saturation Voltage Vsat — — 700 — - 700 — - 700 — —_ 700 - —_ 700 — — 700 mv
V)(=) 2 +1.0 Vde, V(+) = 0, lgjnk < 4.0 mA

Output Leakage Current loL - — 1.0 — — 1.0 — — 1.0 — — 1.0 — — 1.0 — — 1.0 pA
Vj(+) 2 +1.0 Vde, V|(=) = 0, Vo = 30 Vdc

Differential Input Voltage Vip - — Vee - — Vee - — Vee — — Vee — - Vee - - Vee Vdc
All V20 Vde

NOTES: 1. The maximum output current may be as high as 20 mA, independent of the magnitude of V. Output short circuits to Vi can cause ive heating and |

2. This magnitude of input current will only occur if the leads are driven more negative than ground or the negative supply voltage. This is due to the input PNP collectorbase junctron becomlng forward biased, acting as an input clamp
diode. There is also a lateral PNP parasitic transistor action which can cause the output voltage of the comparators to go to the Vs voltage level (or ground if overdrive is large) during the time that an input is driven negative. This
will not destroy the device when limited to the max rating and normal output states will recover when the inputs become > ground or negative supply.

3. (LM139/139A) Tigy = —55°C, Thigh = +125°C (LM339/339A) Tigy = 0°C, Thigh = +70°C
(LM239/239A) Tigyy = ~25°C, Thigh = +85°C (MC3302) Tjgy = —40°C, Thigh = +85°C

(LM2901) Tjg = ~40°C, Thigh = +105°C

At the output switch point, Vg = 1.4 Vdc, Rg < 100 2 5.0 Vdc < Vg < 30 Vdc, with the inputs over the full common mode range (0 Vdc to Vg —1.5 Vdc).

The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state.

The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.

oo




NORMALIZED OFFSET VOLTAGE

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

Figure 2. Inverting Comparator with Hystersis
+ Voo

1.40

120

1.00

0.80

0.60

R3 = R1//Ryef// R2

__R1//Ryef
" R1//Rpef+R2

VH

R2 > Ryef//R1

Figure 3. Noninverting Comparator

with Hysteresis

+Vce

Vo(max) - VO(min)]

Typical Characteristics
(Vce = 1.5 Vde, Ta = +25°C (each comparator) unless otherwise noted.)

Figure 4. Normalized Input Offset Voltage

-50

-25 0 25 50 75 100 125
TA, AMBIENT TEMPERATURE (°C)

8.0
70
6.0
5.0
40
30
20
1.0

10, OUTPUT CURRENT (mA)

g 10k

——o° Vo

Vccht
Vief =
ref R

ref + R1

R2 = R1//Ryef
Amount of Hysteresis VH

V= Rzﬁzna [(Vo(max) - VO(min)]

Figure 5. Input Bias Current

Tp=-55°C /74/
TA=+25°C__L—"1

VY

LT

LT
"]
L

VA

"
= Ta=+125°C

11B,INPUT BIAS CURRENT (nA)
b

0 4.0 8.0 12 16 20 24

Vce, POWER SUPPLY VOLTAGE (Vdc)

Figure 6. Output Sink Current versus

Output Saturation Voltage
Ta = #25°C
Ta = -55°C / /
/ T '_ O
A = +125°C
/ —
Y
A
4/
Z
100 200 300 400 500

Vsat, OUTPUT SATURATION VOLTAGE (mV)

28

32
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LM139,A, LM239,A, LM339,A, LM2901, MC3302

Figure 7. Driving Logic

Rg = Source Resistance
R1 = Rg

Vec | RL
Logic Device V) kQ

CMOS |1/4 MC14001; +15 100
TTL  11/4MC7400 | +5.0 10

Figure 8. Squarewave Oscillator
Vec 24.0V

S 10k

100k

T1=T2=069RC
3
C(uF)
R2=R3=R4
R1 =~ R2//R3//R4

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide bandwidth
characteristics. This gives the device oscillation tendencies if
the outputs are capacitively coupled to the inputs via stray
capacitance. This oscillation manifests itself during output
transitions (VoL to VoH). To alleviate this situation input
resistors < 10 kQ should be used. The addition of positive

Figure 9. Zero Crossing Detector
(Single Supply)

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

R1+R2=R3

R3< ?—g for small error in zero crossing

feedback (< 10 mV) is 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)

Vin(min) = 0.4 V peak for 1% phase distortion (A®).

V. .
Vin in(min)

VEE
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MOTOROLA

SEMICONDUCTOR N

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/VgEg, 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.

These amplifiers have several distinct advantages over standard operational
amplifier types in single supply applications. They can operate at supply
voltages as low as 3.0 V or as high as 32 V with quiescent currents about
one-fifth of those associated with the MC1741 (on a per amplifier basis). the
common mode input range includes the negative supply, thereby eliminating
the necessity for external biasing components in many applications. The
Output voltage range also includes the negative power supply voltage.
® Short Circuit Protected Outputs
True Differential Input Stage
Single Supply Operation: 3.0 Vto 32 V
Low Input Bias Currents
Internally Compensated
Common Mode Range Extends to Negative Supply
Single and Split Supply Operation
Similar Performance to the Popular MC1558

ESD Clamps on the Inputs Increase Ruggedness of the Device without
Affecting Operation

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

LM158, LM258,
LM358, LM2904

DUAL DIFFERENTIAL

INPUT

OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

J SUFFIX
CERAMIC PACKAGE
CASE 693

N SUFFIX

PLASTIC PACKAGE

CASE 626

D SUFFIX
Q PLASTIC PACKAGE
8 CASE 751
(SO-8)
PIN CONNECTIONS

LM158
LM258
Rating Symbol LM358 LM2904 | Unit
Power Supply Voltages Vde (Top View)
Single Supply Vee 32 26
Split Supplies Vee. VEE 116 +13
Input Differential Voltage Range (1) VIDR +32 +26 Vdc
Input Common Mode Voltage Range (2) VicR -0.3t032 | -0.3t026 | Vdc ORDERING INFORMATION
Output Short Circuit Duration tsc Continuous Temperature
Junction Temperature Ty °C Device Range Package
Cerap':ic Package 175 LM158J —55° to +125°C Ceramic DIP
Plastic Package 150 LM2904D 0% 10 4105°C 50-8
Storage Temperature Range Tstg °C 0°to +
Ceramic Package —65 to +150 LM2904N Plastic DIP
Plastic Package 5510 +125 LM2904J —40°10 +85°C | Ceramic DIP
Operating Ambient Temperature Range TA °C
LM158 —-55t0 - LM258D SO-8
LM258 +125 — _oEo o :
LM358 2510 485 _ LM258J 25° to +85°C Ceramic DIP
LM2904 0to+70 —40to LM258N Plastic DIP
— +105
NOTES: 1. Split Power Supplies. LM358D S0-8
2. For Supply Voltages less than 32 V for the LM158/258/358 and 26 V for the LM2904, LM358J 0° to +70°C Ceramic DIP
the absolute maximum input voltage is equalt to the supply volt:
o D e LM358N Plastic DIP

3. Thisinput current will only exist when the voltage is negative at any of the input leads.
Normal output states will reestablish when the input voltage returns to a voltage
greater than —0.3 V.
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LM158, LM258, LM358, LM2904

ELECTRICAL CHARACTERISTICS (Vgc = 5.0 V, VEE = Gnd, T = 25°C, unless otherwise noted.)

LM158/LM258 LM358 LM2904
Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max Unit
Input Offset Voltage Vio mvV
Vce =5.0 Vo 30V (26 V for LM2904),
Vic=0VtoVog-17V, Vo = 14 V,Rg=0Q
Ta =25°C — 2.0 5.0 — 2.0 7.0 — 2.0 7.0
TA = Thigh to Tiow (Note 1) — — 7.0 — — 9.0 | — —_ 10
Average Temperature Coefficient of Input Offset Voltage AV|o/AT | — 7.0 — — 7.0 — — 7.0 —_ pnv/eC
TA= Thigh to T)ow (Note 1)
Input Offset Current lio — | 30 30 — (50 | 50 | — | 50 | 50 nA
TA = Thigh 10 Tigw (Note 1) — | — |10 ]| — | — |150]| — | 45 | 200
Input Bias Current B — | 45 |-150 | — | 45 [-250 | — | —45 [-250
TA = Thigh t0 Tjow (Note 1) — | -50 | -800 | — | -50 |-500}| — | -50 |-500
Average Temperature Coefficient of Input Offset Current Aljo/AT — 10 - — 10 — — 10 — pA/°C
TA = Thigh to T)ow (Note 1)
Input Common Mode Voltage Range (Note 2) Vicr \
Ve =30V (26 V for LM2904) 0 — 28.3 0 —_ 28.3 o] — 243
Vce =80V (26 V for LM2904), Ta = Thigh to Tiow 0 — 28 0 — 28 0 — 24
Differential Input Voltage Range VIDR — — | Vec | — — | Vec | — — | Vee v
Large Signal Open-Loop Voltage Gain AvoL V/mV
RL=2.0kQ, Vce = 15V, For Large Vo Swing, 50 | 100 | — 25 | 100 | — 25 | 100 [ —
TA = Thigh to Tjow (Note 1) 25 — — 15 — — 15 — —
Channel Separation Ccs — [-120 | — — |-120 | — — [-120| — dB
1.0 kHz < f < 20 kHz, Input Referenced
Common Mode Rejection CMR 70 85 — 65 70 — 50 70 — dB
Rg <10 kQ
Power Supply Rejection PSR 65 | 100 — 65 | 100 | — 50 100 | — dB
Output Voltage—High Limit (TA = Thigh to Tiow) (Note 1) VoH \
Voo =50V, R =2.0kQ, Tp = 25° % 33 | 35 — 33 | 35 — {383 | 35 —
Voo =30V (26 V for LM2904), Rl =2 kQ 26 —_ — 26 — — 22 — — \
Vce =30V (26 V for LM2904), R|_ = 10 kQ 27 28 — 27 28 — 23 24 -
QOutput Voltage—Low Limit VoL — 5.0 20 — 5.0 20 — 5.0 20 mV
Vec=50V,R_L=10kQ, Tp = Thigh 1o Tjow (Note 1)
Output Source Current 0+ 20 40 — 20 40 — |20 40 — mA
Vip=+1.0V,Vcc=15V
Qutput Sink Current lo-
Vip=-1.0V,Vgc =15V 102 | — [10 |2 [ — 10| 2 | — mA
Vip=-1.0V, Vo =200 mV 12 50 — 12 50 — — — —_ pA
Output Short Circuit to Ground (Note 3) Isc — 40 60 — 40 60 — 40 60 mA
Power Supply Current (TA = Thjgh to Tiow) (Note 1) Icc mA
Vec =30V (26 V for LM290 % Vo=0V,R_= — 15 3.0 — 15 | 30 | — 15 | 3.0
Vec=5V,Vo=0V,R = — 0.7 1.2 — | 07 | 12 | — 07 | 1.2
NOTES: 1. Tjgy = -55°Cfor LM158  Thigh= +125°C for LM158 0.3 V. The upper end of the common mode voltage range is
= —40°C for LM2904 = +105°C for LM2904 Ve -1.7V.
= —25°C for LM258 = +85°C for LM258 3. Short circuits from the output to V¢ ¢ can cause excessive
= 0°C for LM358 = +70°C for LM358 heating and eventual destruction. Destructive dissipation
2. The input common mode voltage or either input signal can result from simultaneous shorts on all amplifiers.
voltage should not be allowed to go negative by more than
Single Supply Split Supplies
3.0V to Vo (max)
e — Veoe——]
= 1.5Vto VoG (max)
o P o 2 3 o (max)
o o
° 2 o ° 2 o
1 5V to VEE(max)
———ﬂ VEE ‘?__..__:I—
= VEg/Gnd
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LM1 58, LM258, LM358, LM2904

Representative Circuit Schematic
(One-Half of Circuit Shown)

Bias Circuitry
Common to Both
0u<t?put Amplifiers
- Q15,0
a1 R——— Ra—e—{ Q14
Qi3
40k
Q19

p

5pF Q12 3
It
€

25 ?

° .
Q18 Q20 J
Inputs Qi

Q N

o Qi7 Q21
I‘/—i Q6
Q2 Q5 E I Qi
Q8 [-& Q10
Q3 Q4 Q26 r‘ ok
CIRCUIT DESCRIPTION

The LM158 series is made using two internally
compensated, 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 transconductance reduction
functions. By reducing the transconductance a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors 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 differential to single-ended converter. The
second stage consists of a standard current source load
amplifier stage.

Each amplifier is biased from an internal-voltage regulator
which has a low temperature coefficient thus giving each

amplifier good temperature characteristics as well as
excellent power supply rejection.

Large Signal Voltage
Follower Response

H
S
(¢]
n
vy
o
a ]
3]

(e g ataosy
Ht
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-
shaa le e be s
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VOR , OUTPUT VOLTAGE RANGE (Vp-p) V| , INPUT VOLTAGE (V)

g POWER SUPPLY CURRENT (mA)

LM158, LM258, LM358, LM2904

Figure 1. Input Voltage Range
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Figure 3. Large-Signal Frequency Response
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Figure 5. Power Supply Current versus
Power Supply Voltage
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Figure 2. Large-Signal Open-Loop Voltage Gain
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Figure 4. Small Signal Voltage Follower
Pulse Response (Noninverting)
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Figure 6. Input Bias Current versus
Supply Voltage
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LM158, LM258, LM358, LM2904

Figure 7. Voltage Reference Figure 8. Wien Bridge Oscillator

50k
R1

10k
— WA

—o Vg Vief® ¢

Vo

f ___.!_

0% 2nRC

For: fo =1.0kHz

- i ! -
Vo = 25V (14, ) R§ R R =16kQ

MC1403

1
= Viet =7 VCC

c C =001pF

Figure 9. High Impedance Differential Amplifier Figure 10. Comparator with Hysteresis

el
Hysteresis

H

VWA~

VinL| VinH
R1
VinL= Ry ,rp (VoL Vrefl+ Vret Vet
R1
1 VinH = Ry ;R2 (VOH ~Vref) +Vref
€9 =C (1 +a +b) (62 -e1 R1
° ( ¥ )( ) H= R1 +R2 (VOH -VOL)
Figure 11. Bi-Quad Filter
AW oo 1
R 100k 0= 2 nRC
]lft » R1=QR 1
8 C1 Vief=+ V|
Vin P“‘ C R2=.—|%D ref=% VCC
L 100K ¢ R3:=TNR2
C1=10C
Vref : fg = :g)kHz
h < o Bandpass =
r—o
Vref ! Output R3 IBP - :
N i | N -

C
——{(——— e NotchOutput R =160kQ

C =0.001uF
R1 =1.6MQ
Vret Where: Tgp = center frequency gain R2 =1.6MQ
TN = passband motch gain R3 =16 MQ
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LM158, LM258, LM358, LM2904

Figure 12. Function Generator Figure 13. Multiple Feedback Bandpass Filter
Vief =.; vee. Triangle Wave R2 J:
Oupt 300K c
Vret + R1 c
12 i Vin
Liasg 7ok ot —f—evo
R1 < 100k Squar C
1€ e e c o 10C
c Vret Wave Vit = 0= 1
R Output - Viet =3 Vco
Ri+Rc . R2R1
= 4CR{RI if, R3 = R2+Ri Given:  fo = center frequency
A(fo) = gain at center frequency
Choose value fo, C
Then:
_Q
R3= nfyC
R3
R1= 2Al0)
R1R3
R2= 2R -ms

For less than 10% error from operational amplifier.

%vavo <0.1  Wherefyand 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 LM348

SEMICONDUCTOR
TECHNICAL DATA LM248

DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS
(Quad MC1 741 ) SILICON MONOLITHIC

Operational Amplifiers INTEGRATED CIRCUIT

The LM348 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 characteristics identical to those of the industry J SUFFIX
standard MC1741, and can be applied with no change in circuit performance. It CERAMIC PACKAGE
In addition, the total supply current for all four amplifiers is comparable to the 14W CASE 632
supply current of a single MC1741. Other features include input offset currents !
and input bias currents which are much less than the MC1741 industry

standard. N SUFFIX
The LM348 can be used in applications where amplifier matching or high PLASTIC PACKAGE

packing density is important. Other applications include high impedance buffer CASE 646
amplifiers and active filter amplifiers.

o Each Amplifier is Functionally Equivalent to the MC1741

1

D SUFFIX

e |ow Input Offset and Input Bias Currents « PLASTIC PACKAGE
® Class AB Output Stage Eliminates Crossover Distortion 3 C?gg?i; A
® Pin Compatible with MC3403 and LM324
® True Differential Inputs
® |Internally Frequency Compensated
o S .
Short Circuit Protection - PIN CONNECTIONS
® | ow Power Supply Current (0.6 mA/Amplifier)
U/
out1 [1 [14] out4
(2] 3]
Inputs 1 [ ] Inputs 4
(=] 2]
vee [4] 1] vee
. . (=] o]
Equivalent Circuit Schematic Inputs 2 { } Inputs 3
(1/4 of Circuit Shown) E o]
out2 [7] 8 | Out3
' 4 o Vce
) 4 J_f J (Top View)
Noninverting
oy &
39K 5
Inverting N 300F | 7 5 | Output
Input O ¢ O
& 50 ORDERING INFORMATION
S ﬁ Device | Temperature Range Package
LM2484 Ceramic DIP
b 4 —25° to +85°C .
10k S50k S10k S50k 50k 350 LM248N Plastic DIP
oV LM348D SO-14
. ¢ EE . )
LM348J 0°to +70°C Ceramic DIP
LM348N Plastic DIP
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LM348, LM248

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

Rating Symbol Value Unit
Power Supply Voltage Vce +18 Vdc
VEE -18
Input Differential Voltage ViD 136 \
Input Common Mode Voltage VicM +18 \
Output Short Circuit Duration tsc Continuous
Operating Ambient Temperature Range TA -251t0 +85 L 0to+70 °C
Storage Temperature Range Tstg °C
Ceramic Package —65 to +150
Plastic Package -551t0 +125
Junction Temperature Ty °C
Ceramic Package 175
Plastic Package 150
ELECTRICAL CHARACTERISTICS (Voo = +15 V, VEE = =15V, Ta = 25°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Input Offset Voltage Vio — 1.0 6.0 mvV
(Rg<10k)
Input Offset Current llo —_ 4.0 50 nA
Input Bias Current B — 30 200
Input Resistance T 0.8 25 —_ MQ
Common Mode Input Voltage Range VICR +12 —_ —_ \
Large Signal Voltage Gain A 25 160 — V/imV
RL>2.0k Vo =+10V) VoL
Channel Separation — — -120 —_ dB
(f = 1.0 Hz to 20 kHz)
Common Mode Rejection CMR 70 90 —_ dB ‘
(Rg<10k)
Supply Voltaie Rejection PSR 77 96 —
(Rg<10Kk) \
Output Voltage Swing V v
{)RLzmﬁ) ° +12 +13 —
RL22k) +10 12 —_
Output Short Circuit Current Isc —_— 25 — mA
Supply Current (All Amplifiers) Ip — 24 4.5 mA
Small Signal Bandwidth (Ay = 1) BW — 1.0 — MHz
Phase Margin (Ay = 1) om —_ 60 —_— Degrees
Slew Rate (Ay = 1) SR —_ 0.5 — Vius
ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEE ==15V, TA = *Thigh to Tjow, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Input Offset Voltage Vio — — 7.5 mv
(Rg <10 k)
Input Offset Current llo nA
LM248 - — 125
LM348 —_ - 100
Input Bias Current B
LM248 - —_ 500
LM348 — — 400
Common Mode Input Voltage Range VICR +12 —_ - \
Large Signal Voltage Gain A 15 — — V/mV
®RL=2k Vo =10V) VoL
Common Mode Rejection CMR 70 90 f — dB
(Rg<10k)
Supply Volta?(e Rejection PSR 77 96 —
(Rs<10k)
Output Voltage Swing Vo \
RL>10Kk) +12 +13 —
(RL=22k) 10 +12 —

* Thigh = 85°C for LM248, and 70°C for LM348. Tjoy =-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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Vo, OUTPUT VOLTAGE (Vp.p)

Vo, OUTPUT VOLTAGE (Vp.p)

28
24
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LM348, LM248

Figure 1. Power Bandwidth
(Large Signal Swing versus Frequency)

Figure 2. Open-Loop Frequency Response
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Figure 3. Positive Output Voltage Swing Figure 4. Negative Output Voltage Swing
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5.0 VDIV

LM348, LM248

Figure 6. Noninverting Pulse Response
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Figure 7. Open-Loop Voltage Gain

versus Supply Voitage
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APPLICATIONS INFORMATION

Figure 8. Voltage Reference

R1
Vo =25V (1+55)

Figure 10. High Impedance Differential Amplifier

eo=C (1 +a+b) (e2-el)

Vref 04

1
Viet = VCC

0 20 40 60 80 10 12 14 16 18 20
Ve, IVEE], SUPPLY VOLTAGES (V)
Figure 9. Wien Bridge Oscillator
50k
—AA-
p
o Vo
fo 1
0~ 2xRC
For: fg=1kHz
R= 16 kW
C=0.01pF
Figure 11. Comparator with Hysteresis
Hysteresis
!
|
|
J
VinL| VinH

Rt

VinL = R1+R2 (VoL -Vref) +Vref
R

VinH = Ry g2 (VOH ~Vret) +Vref

R1
H= R1+R2 (VoH -Vou

Vref
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LM348, LM248

Figure 12. High Impedance Instrumentation Buffer/Filter

Vi

Figure 13. Function Generator

Triangle Wave R2
Output 300K

O-9—@ Square Wave
Output

Figure 14. Bi-Quad Filter

a1
0~ 2nRC
R1=QR
. o R2=-A1
Vin &—— o Tep
R3=Ty R2
C1=10C
: fo = 1.0kHz
Bandpass Q=10
Output Tgp=1
IN=1
Ct
R=160kQ b———| (———= Notch Output
C=0.001 uF Vyef =1_2 Voo
Rt = 1.6MQ Where:  Tgp = center frequency gain
R2=1.6 MQ TN = passband notch gain
R3=1.6MQ Vret
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LM348, LM248

Figure 15. Absolute Value DVM Front End

MSD6150 500k

900k 1k 9

L B §

2| MC1505

Common Mode Adjust
100k

LM348 Quad Op Amp
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Low Offset Voltage Dual
Comparators

The LM393 series are dual independent precision voltage comparators
capable of single or split supply operation. These devices are designed to
permit a common mode 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.

® Wide Single-Supply Range: 2.0 Vdc to 36 Vdc
Split-Supply Range: +1.0 Vdc to £18 Vdc
Very Low Current Drain Independent of Supply Voltage: 0.4 mA
Low Input Bias Current: 25 nA
Low Input Offset Current: 5.0 nA
Low Input Offset Voltage: 2.0 mV (max) LM393A
5.0 mV (max) LM293/393
Input Common Mode Range to Ground Level
Differential Input Voltage Range Equal to Power Supply Voltage
® Qutput Voltage Compatible with DTL, ECL, TTL, MOS, and CMOS
Logic Levels

® ESD Clamps on the Inputs Increase the Ruggedness of the Device
without Affecting Performance

LM393, A
LM293
LM2903

SINGLE SUPPLY, LOW POWER
DUAL COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

N SUFFIX
PLASTIC PACKAGE
CASE 626

D SUFFIX
PLASTIC PACKAGE
CASE 751
(50-8)

Figure 1. Circuit Schematic
(Diagram shown is for 1 comparator)

PIN CONNECTIONS

Vee + Input - Input Output
o Q o
R2
2.1k
(Top View)
Q5 Q6 r/o .
N RS
h 4 v
w ¢
Lal
Q10 E ORDERING INFORMATION
o Q12 J16 Temperature
Device Range Package
at ats [M293D 25710 +85°C 508
LM393D SO-8
0° to +70°C
[M393AN,N * Plastic DIP
LM2903D -40° to +105°C So8
LM2903N Plastic DIP
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LM393,A, LM293, LM2903

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vce +36 0or 18 Vdc
Input Differential Voltage Range VIDR 36 Vdc
Input Common Mode Voltage Range VICR -0.3to +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 @ Tp = 25°C Pp 570 mw
Derate above 25°C 1/RgJA 5.7 mW/°C
Operating Ambient Temperature Range TA - °C
LM293 —2510 +85
LM393, 393A 0to +70
LM2903 —-40 to +105
Maximum Operating Junction Temperature TJ(max) °C
LM393, 393A, 2903 125
LM293 150
Storage Temperature Range Tstg —65to +150 °C

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, Tiow < TA < Thigh, unless otherwise noted.)*

LM393A
Characteristics Symbol | Min Typ Max Unit

Input Offset Voltage (Note 3) Vio mV
Ta =25°C —_ +1.0 +2.0
Tiow<Ta< Thigh — — 4.0
Input Offset Current llo nA
TA =25°C — +50 +50
Tiow=<TA< Thigh —_— — +150

Input Bias Current (4) [IT:) nA
TA =25°C — 25 250
TiowsTa < Thigh —_ _ 400

Input Common Mode Voltage Range (Note 5) VICR Vv
Ta=25°C — Vce-1.5
Tiow<Ta< Thigh Vce —2.0

Voltage Gain AvOL 50 200 — VimV
RL 215kQ, Voo = 15 Vdc, Tp = 25°C

Large Signal Response Time — — 300 — ns
Vin = TTL Logic Swing, Vyef = 1.4 Vdc
VRL = 5.0 Vdc, R = 5.1 kQ, Tp =25°C

Response Time (Note 6) TLH — 1.3 — us
VRL = 5.0 Vdc, R =5.1 kQ, Tp = 25°C

Input Differential Voltage (7) ViD — — Vee Y
All Vi 2 Gnd or V- Supply (if used)

Output Sink Current ISink 6.0 16 — mA
Vin 2 1.0 Vdc, Vip; = 0 Vdc, Vo < 1.5 Vdc, Tp = 25°C

Output Saturation Voltage VoL mvV
Vin 2 1.0 Vdc, Vin4 = 0 Vdc, Igjnk < 4.0 mA, Tp = 25°C — 150 400
Tiow < TA<Thigh — — 700

oo
|

Output Leakage Current loL pA
Vin—=0V, Vin,y 2 1.0 Vdc, Vo = 5.0 Vdc, Ta= 25°C ) —_ 0.1 —
Vin— =0V, Vipy 21.0 Vdc, Vo = 30 Vdc, Tiow < TA < Thigh - — 1.0

Supply Current Icc mA
RL = < Both Comparators, Ta = 25°C —_ 0.4 1.0
Ry = e Both Comparators, Vo =30 V — 1.0 25

*LM293 Tiow = -25°C, Thigh = +85°C

LM393/393A  Tigy = 0°C, Thigh = +70°C

LM2903 Tiow = —40°C, Thigh = +105°C
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LM393,A, LM293, LM2903

ELECTRICAL CHARACTERISTICS (V¢ = 5.0 Vdc, Tiow < Ta < Thigh, unless otherwise noted.)*

driven more negative than ground or the negative supply voitage.
This is due to the input PNP collector base junction becoming
forward biased, acting as an input clamp diode. There is also a
lateral PNP parasitic transistor action on the IC chip. This
phenomenacan cause the output voltage of the comparators to go
to the Vo 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. Atoutput switch point, Vo =1.4 Vdc, Rg = 0 Qwith Vg from
5.0 Vdcto 30 Vdc, and over the full input common mode range
(OVtoVgg=-15V).

LM293, LM393 LM2903
Characteristics Symbol | Min Typ Max Min Typ Max Unit
Input Offset Voltage (Note 3) Vio mV
Ta = 25°C — +1.0 +5.0 —_ +2.0 +7.0
Tiow <TA < Thigh . - —_ 9.0 - 9.0 15
Input Offset Current l]o nA
Ta =25°C _ +5.0 50 _ 5.0 +50
Tiow < TA < Thigh —_ - +150 - +50 +200
Input Bias Current (Note 4) [IT:) nA
Ta=25°C —_ 25 250 —_ 25 250
Tiow<TA S Thigh —_ — 400 - 200 500
Input Common Mode Voltage Range (Note 4) VICR v
Ta =25°C 0 _ Vecc-1.5 0 —_ Vee-1.5
TiowsTAS Thigh ; 0 — Vec —2.0 0 — Vce —2.0
Voltage Gain AvoL 50 200 — 25 200 —_ VimVv
RL 215kQ, Voo = 156 Vdc, Tp =25°C
Large Signal Response Time —_ — 300 - - 300 —_ ns
Vin = TTL Logic Swing, Vef = 1.4 Vdc
VRL = 5.0 Vdc, R = 5.1 kQ, Tp =25°C
Response Time (Note 6) tTLH - 1.3 —_ - 1.5 —_ us
VRL = 5.0 Vdc, R = 5.1 kQ, Tp = 25°C
Input Differential Voltage (Note 7) Vip — _ Vece — — Vee \
All Vin 2 Gnd or V- Supply (if used)
Output Sink Current ISink 6.0 16 - 6.0 16 —_ mA
Vin 2 1.0 Vdc, Vin4 = 0 Vdc, Vo < 1.5 Vde Ta = 25°C
Output Saturation Voltage VoL mv
Vin21.0 Vdc, Vin4 =0, ISink <4.0 mA, Tp = 25°C — 150 400 — — 400
Tiow < TA < Thigh — — 700 — 200 700
Output Leakage Current loL nA
Vin-=0V, Vin; 2 1.0 Vdc, Vg = 5.0 Vdc, Tp = 25°C — 0.1 — —_ 0.1 —
Vin—=0V, Vjp; 2 1.0 Vdc, Vo = 30 Vdc,
Tiow < TA < Thigh - — 1000 — - 1000
Supply Current Icc mA
RL = = Both Comparators, Ta = 25°C —_ 0.4 1.0 — 0.4 1.0
RL = e Both Comparators, Vo =30 V — — 2.5 — — 25
*LM293 Tiow =—25°C,  Thigh = +85°C
LM393/393A Tjgy = 0°C, Thigh = +70°C
NOTES: 1. The maximum output current may be as high as 20 mA, 4. Due to the PNP transistor inputs, bias current will flow out of the inputs.
independentof the magnitude of V¢, output shortcircuits to Vo o This current is essentially constant, independent of the output state,
can cause excessive heating and eventual destruction. therefore, no loading changes will exist on the input lines.
2. This magnitude of input current will only occur if the input leads are 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 Vo 1.5 V.

6. Responsetime is specified with a 100 mV step and 5.0 mV of overdrive.

With larger magnitudes of overdrive faster response times are
obtainable.

7. The comparator will exhibit proper output state if one of the inputs

becomes greater than Vg, the other input must remain within the
common mode range. The low input state must not be less than-0.3 V
of ground or minus supply.
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LM393,A, LM293, LM2903

LM293/393,A LM2903
Figure 2. Input Bias Current versus Figure 5. Input Bias Current versus
Power Supply Voltage Power Supply Voltage
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LM393,A, LM293, LM2903

APPLICATIONS INFORMATION

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

Figure 8. Zero Crossing Detector Figure 9. Zero Crossing Detector
(Single Supply) (Split Supply)
+15V
Vin Vin(min)
— <]
2 10k
>—0
VeeT— T
|
Vo f c]
|
D1 prevents input from going negative by more than 0.6 V. -VEE el il I

R1+R2=R3

R5 Vin(min) = 0.4V peak for 1% phase distortion (A®).
R3< 10 for small error in zero crossing.

Figure 10. Free-Running Square-Wave Oscillator Figure 11. Time Delay Generator
MQ
e Vee
RL
10k

% 51k o “ON"fort > tg + At

51k
Vo where: Vin Vit | I l
0 —L

v
0 m:ncen(ﬁ—;

— t—

Figure 12. Comparator with Hysteresis

Vee
Rg= R1|| R2
(Vee -Viet) R
Vit = Vief + —————
th = Vref * o R2+RL
Veo = V (Vref -Vo Low) R1
th2 = Vref - R1+R2
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Internally Compensated
Monolithic Operational Amplifier

A general purpose operational amplifier well 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.

® Internally Compensated

® | ow Offset Voltage: 7.5 mV Max

o | ow Input Offset Current: 50 nA Max
® | ow Input Bias Current: 250 nA Max

Typical Application
High Impedance Bridge Amplifier

Pins not shown are not connected.

LM307

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

N SUFFIX
PLASTIC PACKAGE
CASE 626
1
PIN CONNECTIONS
NC 1] 8] NC

2} } vee
Inputs | g 6] Output
VEE [4] 51 NC

(Top View)

ORDERING INFORMATION

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

Circuit Schematic 7
- O Vce

-0
Inputs 3
+

5.0k S 20k % 10k ok %
A - ¢

Sy
250 EE

Equivalent Circuit

VEE O
4

Pins 1, 5, and 8 no connection.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

2-77




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

LM307

Rating Symbol LM307 Unit

Power Supply Voltage Vee +18 Vdc
VEE -18

Differential Input Signal Voltage ViD +30 \
Common Mode Input Swing (Note 1) VICR +15 \Y
Output Short Circuit Duration tsc Indefinite
Power Dissipation (Package Limitation) (Note 2) Pp 500 mwW
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65 to +150 °C

ELECTRICAL CHARACTERISTICS (Ta = +25°C, unless otherwise noted, see Note 3.)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage Vio mV
Rs <50 k2, Tp = +25°C — 2.0 75
Rg <50 kQ,TA = Tiow to Thigh — — 10
Input Offset Current o nA
TA = +25°C — 3.0 50
TAa =Tiow to Thigh — — 70
Input Bias Current B nA
TA = +25°C —_ 70 250
TA=Tiow to Thigh — — 300
Input Resistance T 0.5 2.0 - MQ
Supply Current, Vg = 15 V, Tp = +25°C Ip — 1.8 3.0 mA
Large Signal Voltage Gain AvoL V/imV
Vg=+15V,Vo =+10V, R > 2.0 kQ, Tp = +25°C 25 160 —
Vg =15V, Vo =410V, R >2.0kQ, TA = Tiow 15 — —
Average Temperature Coefficient of Input Offset Voltage, Tiow < TA < Thigh TCVio — 6.0 30 uv/°c
Average Temperature Coefficient of Input Offset Current TClio nA/°C
+25°C < TA < Thigh — 0.01 0.3
Tiow<TA< +25°% — 0.02 0.6
Output Voltage Swing (TA = Tiow t0 Thigh) Vo \"
Vg=+15V, R =10 kQ +12 +14 —
R =2.0kQ +10 #13 —_
Input Voltage Range (TA = Tiow to Thigh) VICR +12 — — \
Vg=%15V
Common Mode Rejection (Ta = Tjow t0 Thigh) Rg <50 kQ CMR 70 90 —_ dB
Supply Voltage Rejection (Ta = Tiow t0 Thigh) Rg < 50 kQ PSR 70 96 — dB

NOTES: 1. For supply voltages less than +15 V, the absolute maximum input voltage is equal to the supply voltage.
2. For operating at elevated temperatures, the device must be derated based on a maximum junction temperature of 100°C.
3. Unless otherwise noted, these specifications apply for: £5.0 V< Vgc/VEE <*15V, Tigw = 0°C, Thigh = +70°C.

Figure 1. Minimum Input Voltage Range

20 - -
Applies over specified

s Operating Temperature
W Range
g 16
= pd
§ 12 ’/
5 -
>
5 80 -+ L //
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= v
=
o= 40 i
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0 l

0 5.0 10 15

VGG, (-VEE), SUPPLY VOLTAGE (V)

Vo,0UTPUT VOLTAGE SWING (V)
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Figure 2. Minimum Output Voltage Swing
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Operating Temperature
Range

A

Minimum

~
7

RL=10k2 |~

| Minimum

RL

= 2.0kQ

0 5.0

10
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Avyol, VOLTAGE GAIN (dB)

Avyol, VOLTAGE GAIN (dB)
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Figure 3. Minimum Voltage Gain

LM307

Figure 4. Typical Supply Currents

VGG, (~VEE), SUPPLY VOLTAGE (V)

Figure 5. Open-Loop Frequency Response
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Figure 6. Large Signal Frequency Response
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SEMICONDUCTOR I ——
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Precision Operational Amplifier

The LM308A operational amplifier provides high input impedance, low input
offset and temperature drift, and low noise. These characteristics are made
possible by use of a special Super Beta processing technology. This amplifier
is particularly useful for applications where high accuracy and low drift
performance are essential. In addition high speed performance may be
improved by employing feedforward compensation techniques to maximize
slew rate without compromising other performance criteria.

The LM308A offers extremely low input offset voltage and drift specifications
allowing usage in even the most critical applications without external offset
nulling.

Operation from a Wide Range of Power Supply Voltages

Low Input Bias and Offset Currents

Low Input Offset Voltage and Guaranteed Offset Voltage Drift Performance
High Input Impedance

Frequency Compensation

Standard Compensation Modified Compensation

Inverti R

nvertin
Inpu% Inverting _ R1

Noninverting Input outout
Input Noninverting . R3 R p
Input Compen B
100pFI

Standard Feedforward

Feedforward Compensations for

Compensation Decoupling Load Capacitance
10k 5.0pF Rg > 10k
Input VW i€ Input
NS
0.01pF
>—® Output
Compen B
3.0k
10pF =

Compeng
A

LM308A

SUPER GAIN
OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

N SUFFIX
PLASTIC PACKAGE
CASE 626

D SUFFIX
PLASTIC PACKAGE
CASE 751
(80-8)

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

Temperature
Device Range Package
LM308AN o o Plastic DIP
LM308AD 0° 10 +70°C S0-8
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LM308A

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

Rating Symbol Value Unit
Power Supply Voltage Vce, VEE +18 Vdc
Input Voltage (See Note 1) V) +15 \
Input Differential Current ( See Note 2) D +10 mA
Output Short Circuit Duration tsc Indefinite
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65to +150 °C
Junction Temperature Ty +150 °C

Notes: 1. For supply voltages less than £15 V, the maximum input voltage is equal to the supply voltage.

2. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore,
excessive current will flow if a differential input voltage in excess of 1.0 V is applied

between the inputs, unless some limiting resistance is used.

ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0V < Vo < +15 V
and-5.0 V > VEg 2-15V, Ta = +25°C.)

(Vcc=+15V,VEg=-15V, R =10kQ)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage Vio — 0.3 0.5 mV
Input Offset Current llo — 0.2 1.0 nA
Input Bias Current B — 1.5 7.0 nA
Input Resistance T 10 40 — MQ
Power Supply Currents Icc,lEE —_ +0.3 +0.8 mA
(Vcc=+15V, VEg=-15V)
Large Signal Voltage Gain AyoL 80 300 — V/imV
(Vcc=+15V, VEE=-15V, Vo =+10V, R 210 kQ)
The following specifications apply over the operating temperature range.
Input Offset Voltage Vio — — 0.73 mV
Input Offset Current llo — — 1.5 nA
Average Temperature Coefficient of AV|O/AT — 1.0 5.0 uvreC
Input Offset Voltage
Ta (min) < TA < Ta (max)
Average Temperature Coefficient of Input Offset Current Alo/AT — 2.0 10 pA/°C
Input Bias Current B — —_ 10 nA
Large Signal Voltage Gain AvoL 60 - — V/imV
(Vcc +15V, VEE=-15V, Vo =+10 V, R 210 kQ)
Input Voltage Range VICR +14 — — \
(Vcc=+15V, VEg=-15V)
Common Mode Rejection CMR 96 110 — dB
(Rg <50 kQ)
Supply Voltage Rejection PSR 96 110 — dB
(Rg <50 kQ)
Output Voltage Range VOR +13 +14 — Y
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Figure 2. Maximum Equivalent Input Offset

Figure 1. Input Bias and Input Offset Currents Voltage Error versus Input Resistance
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Figure 4. Power Supply Currents versus
Figure 3. Voltage Gain versus Supply Voltages Power Supply Voltages
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Figure 5. Open-Loop Frequency Response Figure 6. Large Signal Frequency Response
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SUGGESTED DESIGN APPLICATIONS

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
LM308A amplifier. Boards must be thoroughly cleaned with

Figure 7. Fast (1) Summing Amplifier with
Low Input Current

»—o Qutput

LM101A(3)
or equiv

(1) Power Bandwidth: 250 kHz
Small Signal Bandwidth:
3.5MHz
Slew Rate: 10 V/us

(3) In addition to increasing speed,
the LM101A raises high and low
frequency gain, increases output
drive capability and eliminates
thermal feedback.

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, leakage
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 reduced by using guarding
to lower the voltage difference between the inputs and
adjacent metal runs. The guard, which is a conductive ring
surrounding the inputs, 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.

Figure 8. Sample and Hold

vee

1.0uF (1)

||H

(1) Teflon, Polyethylene or Polycarbonate
Dielectric Capacitor

Figure 9. Connection of Input Guards

6x10-8
@0s=—""0,

Inverting Amplifier

R1 R2
Input

Output Input
R3(1)
4]

(1) Used to compensate for large source resistances.

Follower

Noninverting Amplifier

R2
%%

Output

C1
Input
R1R2 .
Note: Rl +R2 must be an impedance.
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Representative Circuit Schematic

15pF

Compensation A O Compensation B
' O Veo
J 7:E|’ 3.5k 5.6k 7.5k
! F;'W
17.4k  17.4k
r( 1.0k
7.5k 1.4k
>
|
200
E—O Output
- } 150
80k
Inputs | 2 ok 2.0k
+ 0O
N N
C) 0k o Ve

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

2-84



MOTOROLA
SEMICONDUCTOR I
TECHNICAL DATA

Dual Low Noise, Audio Amplifier

The LM833 is a standard low-cost monolithic dual general-purpose operational
amplifier employing Bipolar technology with innovative high- performance
concepts for audio systems applications. With high frequency PNP transistors,
the LM833 offers low voltage noise (4.5 nV//Hz ), 15 MHz gain bandwidth
product, 7.0 V/us slew rate, 0.3 mV input offset voltage with 2.0 uVv/°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 high frequency output impedance and
symmetrical source/sink AC frequency response.

The LM833 is specified over the automotive temperature range and is available
in the plastic DIP and SO-8 packages (P and D suffixes). For an improved
performance dual/quad version, see the MC33079 family.

Low Voltage Noise: 4.5 nV/\ Hz

High Gain Bandwidth Product: 15 MHz
High Slew Rate: 7.0 V/us

Low Input Offset Voltage: 0.3 mV

Low T.C. of Input Offset Voltage: 2.0 uV/°C
Low Distortion: 0.002%

Excellent Frequency Stability

Dual Supply Operation

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (VoG to VEE) Vs +36 Y
Input Differential Voltage Range VIDR 30(1) v
Input Voltage Range VIR +15(1) %
Output Short Circuit Duration (Note 2) tsc Indefinite
Operating Ambient Temperature Range TA —40 to +85 °C
Operating Junction Temperature Ty +150 °C
Storage Temperature Tstg —60 to +150 °C
Maximum Power Dissipation (Note 2) PD 500(3) mwW

NOTES: 1. Either or both input voltages must not exceed the magnitude of Vg or

LM833

DUAL OPERATIONAL
AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

8
1

N SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

%
Output 1 [ 1] BRL
E Z| Output 2
Inputs 1 I

E 6]
| Inputs 2

vee [4] 5]

(Top View)

ORDERING INFORMATION

VEE.

2. Power dissipation must be considered to ensure maximum junction
temperature (TJ) is not exceeded (See power dissipation performance
characteristic).

3. Maximum value at Tp < 85°C.

Temperature
Device Range Package
LM833N _40° 10 +85°C Plastic DIP
LM833D SO-8
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DC ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEg =—15 V, Ta = 25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg =10 Q, Vo =0V) Vio — 0.3 5.0 mV
Average Temperature Coefficient of Input Offset Voltage AV|O/AT - 2.0 — uv/reC
Rs=10Q, V0 =0V, TA = Tiow to Thigh
Input Offset Current (VoM =0V, Vo =0V) lio —_ 10 200 nA
Input Bias Current (VoM =0V, Vo =0V) B — 300 1000 nA
Common Mode Input Voltage Range VICR — +14 +12 \
-12 -14 —
Large Signal Voltage Gain (R =2.0 kQ, Vo =+10V AvoL 90 110 —_ dB
Output Voltage Swing: R =2.0kQ Vip=1.0V Vos+ 10 13.7 — Y%
RL=2.0kQ Vp=10V Vo- — -14.1 -10
RL=10kQ Vp=1.0V Vo+ 12 13.9 —
RL=10kQ, VIp=1.0V Vo- — -14.7 -12
Common Mode Rejection (Vi = £12 V) CMR 80 100 — dB
Power Supply Rejection (Vg =15V t0 5.0 V,-15V to -5.0 V) PSR 80 115 — dB
Power Supply Current (Vo = 0 V, Both Amplifiers) D — 4.0 8.0 mA
AC ELECTRICAL CHARACTERISTICS (Vgg = +15 V, VEg =—15V, Ta = 25°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Slew Rate (Vin =—10 Vto +10 V, R = 2.0 kQ, Ay = +1.0) SR 5.0 7.0 — Vius
Gain Bandwidth Product (f = 100 kHz) GBW 10 15 — MHz
Unity Gain Frequency (Open-Loop) fu — 9.0 — MHz
Unity Gain Phase Margin (Open-Loop) Om — 60 — Deg
Equivalent Input Noise Voltage (Rg = 100 ©, f = 1.0 kHz) en — 45 — nv// Hz
Equivalent Input Noise Current (f = 1.0 kHz) in —_ 0.5 — pA//W
‘Power Bandwidth (Vo = 27 Vp.p, RL = 2.0 kQ, THD < 1.0%) BWP — 120 — kHz
Distortion (R = 2.0 kQ, f = 20 Hz to 20 kHz, VO = 3.0 Vymg, Ay = +1.0) THD —_ 0.002 — %
Channel Separation (f = 20 Hz to 20 kHz) Cs — -120 — dB

Figure 1. Maximum Power Dissipation

versus Temperature
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Figure 2. Input Bias Current versus Temperature
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11, INPUT BIAS CURRENT (nA)

AvoL DC VOLTAGE GAIN (dB)

AyoL, OPEN-LOOP VOLTAGE GAIN (dB)
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LM833

Figure 3. Input Bias Current versus
Supply Voltage

T
Ta=25°C

10 15
Vee, IVEEL SUPPLY VOLTAGE (V)

20

Figure 5. DC Voltage Gain
versus Temperature

Veg= +15V
VEg=-15V
RL=2.0kQ
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100 125

Figure 7. Open-Loop Voltage Gain and
Phase versus Frequency
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Figure 4. Supply Current versus

Supply Voltage
10
s 7 Vee |
Rp =0
TA=25°C
20
0 0 5.0 10 15 20
Ve, IVEE], SUPPLY VOLTAGE (V)
Figure 6. DC Voltage Gain versus
Supply Voltage
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Figure 9. Gain Bandwidth Product versus

Supply Voltage Figure 10. Slew Rate versus Temperature
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Figure 11. Slew Rate versus Supply Voltage Figure 12. Output Voltage versus Frequency
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PSR, POWER SUPPLY REJECTION (dB)

THD, TOTAL HARMONIC DISTORTION (%)

LM833

in, INPUT NOISE CURRENT (pA/ vHz)

Figure 15. Power Supply Rejection Figure 16. Common Mode Rejection
versus Frequency versus Frequency
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Figure 17. Total Harmonic Distortion Figure 18. Input Referred Noise Voltage
versus Frequency versus Frequency
by AR M 11T ~ 10
| Vo= +15V ||| t:f:'
Vo VEE=-15V 2 q
L AL RL=2.0kQ £ s .
0.1 1 Ta=25°C I g~ N
L | 5
| i
8 EE=-
0.01 V0 =1.0Vims TI1] 2, Rg=100Q ‘
| A 5 Tp=25°C
[ E
V0 =3.0 Vims &
0.001 > — 1.0
10 100 1.0k 10k 100k 10 100 1.0k 10k 100k
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
Figure 19. Input Referred Noise Current Figure 20. Input Referred Noise Voltage
versus Frequency versus Source Resistance
20 T T T A o s 58801 s s
xCC=+1‘5\‘// _ 10 F Vec=+15V B
EE=-15 ES VEg=-15V H
L TA=25°C é E Vp(total) = (iRg)2 +en2 + Jaxtrs [
10 S— S | m=25C L[ [ A1
2 a
0.7 ~ "61— 10 U
05 B ~— E
. ~ @
0.4 g
=
03 §
(=3
02 10
10 100 1.0k 10k 100k 1.0 10 100 1.0k 10k 100k 1.0M
f, FREQUENCY (Hz) Rg, SOURCE RESISTANCE (Q)

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
2-89



LM833

Figure 21. Inverting Amplifier Figure 22. Noninverting Amplifier Slew Rate

Veo= +15V
VEg=-15V
RL=2.0kQ
CL=0pF
Ay=-1.0
TA=25°C

Vee= +15V
VEg=-15V
RL=2.0kQ
CL=0pF
Ay=+1.0
Ta=25°C

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

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

Figure 23. Noninverting Amplifier Overshoot

Vee= +15V
VEE=-15V
RL=20kQ
Cp=0pF
Ay=+1.0

Vo, OUTPUT VOLTAGE (10 mV/DIV)

t, TIME (200 ns/DIV)
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SEMICONDUCTOR I
TECHNICAL DATA

High Voltage, Internally
Compensated Operational
Amplifier

The MC1436, C was 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)
® OQutput Voltage Swing:
+30 Vpk(min) (VCC = +36 V, VEE =-36 V) (MC1536)

122 Vpk(min) (VCC = +28 V, VEE =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 Null Capability

Input Overvoltage Protection

AyOL: 500,000 typ

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

Figure 1. Differential Amplifier with £20 V
Common Mode Input Voltage Range

R2
100k

MC1536

MC1436,C

Vg =10 (Vg -Vp)

Figure 2. Typical Noninverting X10 Voltage Amplifier
70 +28V

MC1436,C
MC1536

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

U SUFFIX
CERAMIC PACKAGE
CASE 693

M 77
’l‘

D SUFFIX
% PLASTIC PACKAGE
8 CASE 751
1 (50-8)

PIN CONNECTIONS

Offset Null [1] 8] N.C.
Inv. Input [2] Vee

Noninv. Input El.} 6] Output
VEE [4] [5] Offset Null

MC1536 Vo= 44Vpp
MC1436,C -
ORDERING INFORMATION
40 -28V § R >5.0k Temperature
Device Range Package
9.0k MC1436CD,D S0-8
1.0k MC1436P1,CP1 0° to +70°C Plastic DIP
1 MC1436CU,U Ceramic DIP
= = MC1536U -55°10 +125°C | Ceramic DIP
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MC1436,C, MC1536

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

Rating Symbol MC1536 MC1436 | MC1436C Unit

Power Supply Voltage Vee +40 +34 +30 Vdc

VEE -40 -34 -30

Input Differential Voltage Range VIDR Note 3 v

Input Common Mode Voltage Range VICR Note 3 '

Output Short Circuit Duration tsc 5.0 sec
(Vce = VEE =28 Vdc, Vo = 0)

Power Dissipation (Package Limitation) Pp 680 mw
Derate above Tp = +25°C 4.6 mwW/°C

Operating Ambient Temperature Range TA -55 to+125j 0to +70 °C

Storage Temperature Range Tstg 65 to +150 °C

ELECTRICAL CHARACTERISTICS (Vg = +28 V, VEE =—28 V, Tp = 25°C, unless otherwise noted.)
MC1536 MC1436 MC1436C
Characteristics Symbol Min Typ Max Min Typ Max Min Typ Max Unit

Input Bias Current 11} nAdc
Tp =+25°C —_ 8.0 20 - 15 40 - 25 90
TA=Tiow o Thigh (See Note 1) — - 35 —_ — 55 — —_— -

Input Offset Current o nAdc
Tp =+25°C — 1.0 3.0 — 5.0 10 — 10 25
TA = +25°C 10 Thigh — — 45 — . 14 - — —

TA =Tiow to 125G — — 7.0 — — 14 — — —

Input Offset Voltage Vio mVde
Tp=+25°C — 20 5.0 - 5.0 10 —_ 5.0 12
TA = Tiow 10 Thigh — — 7.0 — — 14 — - -

Differential Input Impedance (Open-loop, f < 5.0 Hz) MQ
Paralle! input Resistance p — 10 - — 10 — - 10 — pF
Parallel Input Capacitance Cp — 2.0 — — 20 - — 20 —

Common Mode Input Impedance (f < 5.0 Hz) Zjg — 250 — — 250 — — 250 — MQ

Input Common Mode Voltage Range VicrR +24 125 — +22 25 — +18 +20 —_ Vpk

Equivalent Input Noise Voltage en nVI(HZ)1/2
{Ay = 100, Rg = 10k, f = 1.0 kHz, BW = 1.0 Hz) — 50 — — 50 - — 50 —

Common Mode Rejection (dc) CMR 80 110 — 70 110 — 50 90 —_ dB

Large Signal DC Open-Loop Voltage Gain AvoL A%

{TA =+25°C 100,000 | 500,000 — 70,000 | 500,000 - 50,000 | 500,000 —
(Vo=+10V, R =100k0) Ta = Tiow 10 Thigh 50000 | — — | 50000 | — - - — —
(Vo =%10V, R =10kQ, Tp = +25°C) — 200,000 — — 200,000 — — 200,000 _

Power Bandwidth (Voltage Follower) BWp kHz
(Ay =1, R =5.0kQ, THD <5%, Vo = 40 Vp«p) — 23 — — 23 — - 23 —

Unity Gain Crossover Frequency (Open-loop) fo - 1.0 - — 1.0 — - 1.0 — MHz

Phase Margin (Open-loop, Unity Gain) Om — 50 - — 50 — —_ 50 — Degrees

Gain Margin Am - 18 — — 18 — — 18 — dB

Slew Rate (Unity Gain) SR — 2.0 - — 20 — - 20 — Vius

Output Impedance (f < 5.0 Hz) 20 — 1.0 - - 1.0 — - 1.0 - kQ

Short Circuit Output Current Isc — 7 — — +17 - - +19 —_ mAdc

Output Voltage Range (R|_ = 5.0 kQ) Vo Vpk
Ve = +28 Vde, Veg = —28 Vde 122 +23 — 20 122 — 20 122 -

Vo = +36 Vde, VEg = -36 Vdc 30 32 — — - — - - -
Power Supply Rejection Ny
VEgE = Constant, Rg < 10 kQ PSR + — 15 100 - 35 200 — 50 —
Vg = Constant, Rg < 10 kQ PSR- — 15 100 - 35 200 — 50 -

Power Supply Current (See Note 2) lcc — 22 4.0 - 26 5.0 - 26 5.0 mAdc
(=3 - 22 4.0 — 26 5.0 — 26 5.0

DC Quiescent Power Consumption Pc mw
(Vo=0) - 124 224 - 146 280 — 146 280

NOTES: 1. Tigy = 0°C for MC1436,C Thigh = +70°C for MC1436,C

—55°C for MC1536

2. Vgg = VEE = 5.0 Vdc to 36 Vdc for MC1536
Veo = VEE = 5.0 Vdc to 30 Vdc for MC1436

+125°C for MC1536

Vee = VEE = 5.0 Vdc to 28 Vdc for MC1436C

3. Either or both input voltages must not exceed the magnitude of Vg or Vg +3.0 V.
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MC1436,C, MC1536

Figure 3. Low-Drift Sample and Hold Figure 4. Power Bandwidth
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Sample rit due to bias current |
Comn?and -28V is typically 8.0 mV s e~

0
40 6.0 8010 20 40 60 80100 200 400
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Figure 5. Peak Output Voltage Swing versus

Power Supply Voltage Figure 6. Open-Loop Frequency Response
35 | l 140
Ta=25°C A 12
< 30— Ta= / = 0
s i S 0
o 25 V =
= =
= y 3 80
o 20 RL=5.0kQ w
[0}
& // 2 e
5 15 a
e // S 4
5 10 3 2
g pd <
2
o 50 / 0
L o0 -20
0 10 20 30 40 1.0 10 100 1.0k 10k 100k 1.0M 10M 100M
VGC/VEE, POWER SUPPLY VOLTAGE (Vdc) f, FREQUENCY (kHz)
Figure 7. Output Short Circuit Current Figure 8. Input Bias Current
versus Temperature versus Temperature
=
2 g e
E 28 3 2.8
g . g >
= 24 S 24
o S~ Source Z ‘\
5 2 ~ £ 20 AN |
g 4 — £ 15 ™
£ Sink — S \ |
S 1 — 2 12 RN
w
= 80 5 08
2 = |
5 40 Z 04
o @
> 0 = 0
8 -5 50 -2 0 25 50 75 100 125 75 50 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
2-93



MC1436,C, MC1536

Figure 9. Inverting Feedback Model Figure 10. Noninverting Feedback Model
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| 100k
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MOTOROLA 0 MC1445
SEMICONDUCTOR I MC1545
TECHNICAL DATA
Gate Controlled Two Channel GATE CONTROLLED
Input Wideband Amplifier TWO CHANNEL INPUT
The MC1445/1545 was designed for use as a general purpose gated wideband WIDEBAND AMPLIFIER
amplifier, video switch, sense amplifier, multiplexer, modulator, FSK circuit,
limiter, AGC circuit, or pulse amplifier. SILICON MONOLITHIC
® | arge Bandwidth; 50 MHz Typical INTEGRATED CIRCUIT
® Channel Select Time of 20 ns Typical
® Differential Inputs and Differential Output
Typical Applications
. " '.
. Video Switch or Multiplex or FSK 14 ﬁ.
Differential Amplifier with AGC ]
Vee VEE Voo VEE
el L SUFFIX
Signal
ot & Channel CERAMIC PACKAGE
o out Input eout CASE 632
2]
Channel
2
Gat Input
Agg |°n’pu| npu ﬁt:):?nel Select
Amplitude Modulator Pulse Width Modulator PIN CONNECTIONS
S
Output 1] [14] NC
Gate [2] [13] NC
Noninv. [ E 2] NC
Input B . E T NG
Noninv. [ =] [10] NC
Open Input A
Inv. E BIRS
Output rz‘ 8] veg
Balanced Modulator Analog Switch (Top View)
Vee VEE
]
~ |
Signal
Carrier Cout it
Input
ORDERING INFORMATION
= = Device Temperature Range Package
o Sl LM1445L 0°10 +75°C Ceramic DIP
LM1545L -55°10 +125°C Ceramic DIP
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MC1445, MC1545

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

Rating Symbol Value Unit
Power Supply Voltage Vce +12 Vdc
VEE -12
Input Differential Voltage Range VIDR 5.0 \Y
Load Current IL 25 mA
Power Dissipation (Package Limitation) Pp
Ceramic Dual In-Line Package 625 mW
Derate above Tp = +25°C 5.0 mW/°C
Operating Ambient Temperature Range ~ MC1445 TA 0to +75 °C
MC1545 —551t0 +125
Storage Temperature Range Tstg —65to +150 °C

ELECTRICAL CHARACTERISTICS (Vg = +5.0 Vdc, VEE =-5.0 Vdc, @ T = +25°C, specifications apply to both input channels,
unless otherwise noted.)

MC1545 MC1445
Characteristics Fig. No. Symbol Min Typ Max | Min Typ | Max Unit
Single-Ended Voltage Gain 1,12 Avs 16 19 21 16 19.5 23 dB
Bandwidth 1,12 BW 40 50 — — 50 — MHz
Input Impedance 5,14 Zj 4.0 10 — 3.0 10 - kQ
(f = 50 kHz)
Output Impedance 6,15 Zo — 25 — — 25 — Q
(f = 50 kHz)
Output Differential Voltage Range 4,13 VODR 1.5 25 — 1.5 25 — Vp-p
(RL = 1.0 kQ, f = 50 kHz)
Input Bias Current 16 B — 15 25 _ 15 30 pAdc
Input Offset Current 16 llo — 20 — — 2.0 —_ pAdc
Input Offset Voltage 17 Vio — 1.0 5.0 - — 75 mVdc
Quiescent Output dc Level 17 Vo — 0.1 — — 0.1 — Vde
Output dc Level Change 17 AVo — +15 — — +15 — mV
(Gate Input Voltage Change: +5.0 Vto 0 V)
Common Mode Rejection 9,18 CMR — 85 — — 85 — dB
(f = 50 kHz)
Input Common Mode Voltage Range 18 VICR —_ 2.5 — - 2.5 — Vpk
Gate Characteristics Vdc
Gate Input Voltage — Low Logic State (Note 1) V||_(G) 0.40 | 0.70 —_ 0.2 0.4 —_
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 IL@G) — — 25 —_ —_ 4.0 mA
Vi) =0V)
Gate Input Current — High Logic State 18 IH(G) — — 2.0 — — 4.0 A
VIH@G)=+50V)
Step Response 19 tPLH — 6.5 10 —_ 6.5 — ns
(ejn =20 mV) tPHL — 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 — puV(rms)
(5.0 Hz - 10 MHz, Rg = 50 Q)
DC Power Consumption 11,20 Pc — 70 110 - 70 150 mwW

NOTES: 1. Vi (g) is the gate voltage which results in channel A gain of unity or less and channel B gain of 16 dB or greater.
2. ViH(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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Ayg, SINGLE-ENDED VOLTAGE GAIN (dB) Ayg, SINGLE-ENDED VOLTAGE GAIN (dB)

Rp, PARALLEL INPUT RESISTANCE (k Q)

MC1445, MC1545

Figure 1. Single-Ended Voltage Gain
versus Frequency
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Figure 2. Single-Ended Voltage Gain
versus Temperature
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MC1445, MC1545

Figure 7. Channel Separation versus Frequency
140

LN I B B |

Figure 8. Gate Characteristics
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MC1445, MC1545

Figure 13. Output Voltage Swing Test Circuit

+5.0V -5.0V

f=50 kHz
Vj =200 mV(rms)

Figure 15. Output Impedance Test Circuit

To AC

-5V Voltmeter

+5.0V
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51

=50 kHz
Vj =50 mV(rms)

Open

Figure 17. Input Offset Voitage and Quiescent
Output Level Test Circuit

-5.0V

read Eqg.

R1
100k
10 Turns

5.1k (1%) 49

|
|
|
5.0V I

AVQ = change in reading
switch Sq and readjust Rq for V1 =0

Adjust R1 until V1
+5.0V reads OV then

Figure 14. Input Impedance Test Circuit

{50 KkHz +5.0V -5.0V
Vi =50 mV(rms)
To AC
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5.1k =
= 5.0k (£1%)

To AC
Voltmeter

Figure 16. Input Bias Current and Input
Offset Current Test Circuit

ljo is the difference
in current reading
when either S1 or S§2
is switched.

= i 45.0V

Figure 18. Gate Current (High and Low),
Common Mode Rejection and
Common Mode Input Range Test Circuit
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Figure 19. Propagation Delay, Rise
and Fall Times Test Circuit

To “A’ Channel
of Scope
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Pulse
Gen. T CL
= To“B”channel
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T @
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Figure 20. Power Dissipation and Wideband
Input Noise Test Circuit
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MOTOROLA

SEMICONDUCTOR H

TECHNICAL DATA

(Dual MC1741)

Internally Compensated, High
Performance Dual Operational
Amplifiers

The MC1458/1558 was designed for use as a summing amplifier, integrator, or
amplifier with operating characteristics as a function of the external feedback

components.

® No Frequency Compensation Required

® Short Circuit Protection

® Wide Common Mode and Differential Voltage Ranges
@ | ow Power Consumption

® No Latch-Up

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

MC1458,C
MC1558

(DUAL MC1741)
DUAL
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

U SUFFIX
CERAMIC PACKAGE
CASE 693

-

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

—r

Rating Symbol [ MC1458 MC1558 Unit
Power Supply Voltage Vee +18 +22 Vdc
VEE -18 -22
Input Differential Voltage ViD +30
Input Common Mode Voltage (Note 1) Vicm +15
Output Short Circuit Duration (Note 2) tsc Continuous
Operating Ambient Temperature Range TA 0to+70 | -55t0 +125 °C
Storage Temperature Range Tstg °C
Ceramic Package —65 to +150
Plastic Package -5510 +125
Junction Temperature Ty °C
Ceramic Package 175
Plastic Package 150

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

NOTES: 1. For supply voltages less than £15 V, the absolute maximum input voltage

EQUIVALENT CIRCUIT SCHEMATIC

Ayl

Noninverting
Input 4.5k
3k: %
30pF| 7.5k 1

v l:’ !E_'—(' _'5 ovee

: In;>u1 o [ ¢ O Output
vV
W 50
H 1 p
4 50k 50
1.0k 50k  $1.0k
¢ O VEE

PIN CONNETIONS

(Top View)

ORDERING INFORMATION

Temperature
Device Range Package
MC1458CD,D SO-8
MC1458CP1,P1 0°t0 +70°C Plastic DIP
MC1458CU,U Ceramic DIP
MC1558U —55°t0 +125°C | Ceramic DIP
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MC1458,C, MC1558

ELECTRICAL CHARACTERISTICS — Note 1. (VGG = +15 V, VEE = =15 V, TA = 25°C, unless otherwise noted.)

MC1558 MC1458 MC1458C
Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

Input Offset Voltage Vio — | 1.0 | 5.0 — (20 | 6.0 — 2.0 1.0 mV
(Rg <10 k)

Input Offset Current lio — | 20 | 200 | — | 20 | 200 — 20 | 300 nA

Input Bias Current B — | 80 | 500 | — | 80 | 500 — 80 | 700 nA

Input Resistance 1 03 20| — |03 |20 | — — 20 | — MQ

Input Capacitance Ci — |14 — — (14 ] — — 14 | — pF

Offset Voltage Adjustment Range VIOR — | #1565 — — [ #15| — — |15 | — mv

Common Mode Input Voltage Range VICR 12 (#13 | — |#12 [ #13 | — 11 |18 | — \

Large Signal Voltage Gain AvoL V/imV
(Vo =210V, R =2.0k) 50 200 | — |20 (200 | — — | = =
(VO =210V, R =10k) e e e e 20 | 200 | —

Output Resistance o — | 75 — | — |75 — — 75 — Q

Common Mode Rejection CMR 70 | 90 —_ 70 | 90 —_ 60 90 — dB
(Rg<10k)

Supply Voltage Rejection PSR — | 30 | 150 | — | 30 | 150 —_ 30 — | pvv
(Rg <10 k)

Output Voltage Swing Vo \
(Rs <10 k) 12 | +14 | — | +12 | +14 — 11 | 214 | —
(Rs<2.0k) +10 | +13 — | 10 | £13 —_ +9.0 | £13 —

Output Short Circuit Current Isc — | 20 — | — ] 20 — — 20 — mA

Supply Currents (Both Ampilifiers) Ip — |23 | 50 | — [23 ] 56 - 23 | 8.0 mA

Power Consumption Pc — | 70 [ 150 | — | 70 | 170 — 70 | 240 | mW

Transient Response (Unity Gain)

(Vi=20mV, RL_22.0 kQ, C|_< 100 pF) Rise Time tTLH — |03 | — | — |03 — — 03 [ — us

(Vi=20mV, R > 2.0 kQ, C|_< 100 pF) Overshoot 0s — | 15 — | — |15 — — 15 — %

(Vi =10V, R 22.0 kQ, C|_ <100 pF) Slew Rate SR — |05 | — | — |05 | — — 05 | — | Vius

ELECTRICAL CHARACTERISTICS — Note 1. (Voo =+15V, VEE=-15V, Ta = Thigh to Tiow, unless otherwise noted.)*
MC1558 MC1458 MC1458C
Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

Input Offset Voltage Vio — 110} 60 | — | — | 75 — — 12 mv
(Rg <10 kQ)

Input Offset Current llo nA
(Ta = 125°C) — |70 |20 | — | — — — — —

(Ta =-55°C) — | 8 [ 500 | — | — — — — —_

(TA =0°to +70°C) — — —_ —_ —_ 300 —_ — 400
Input Bias Current B nA

(Ta = 125°C) — | 8 ([500 | — | — — — — —

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

(Ta =0° to +70°C) - | - — | — | 800 = — | 1000
Common Mode Input Voltage Range VICR +12 | +13 | — — | — — — — — \
Common Mode Rejection CMR 70 | 90 — | — — — — — dB

(Rg<10k)

Supply Voltage Rejection PSR — [ 30 | 150 | — | — — — — — | uwwv
(Rg<10k) )

Output Voltage Swing Vo \
(Rg<10k) #2 | #14 | — [+12 |+14 | — — | =] =
(Rg<2k) +10 | £13 — | 10 | #13 — +9.0 | £13 —

Large Signal Voltage Gain AvoL VimV
(Vo =110V, R =2k) 25 — — 15 — — — — —
(Vo=%10V,R_=10k) — | = - | — | — — 15 — —

Supply Currents (Both Amplifiers) ID mA
(Ta = 125°C) —_ —_ 4.5 — — — — — —

(Tp =-55°C) — | =160 | — | =] — e
Power Consumption (TAa = 125°C) Pc — | — | 185 | — | — — — — — mwW

(Ta =-55°C) — | — [ 180 | — | — — —_ — —
*Tiow = —55°C for MC1558 Thigh = +125°C for MC1558
0°C for MC1458 +70°C for MC1458
NOTE: 1. Input pins of an unused amplifier must be grounded for split supply operation or biased at least 3.0 V above VEg for single
supply operation.
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en,INPUT NOISE (peak) (uV)

ep, OUTPUT NOISE (rms mV)

MC1458,C, MC1558

Figure 1. Burst Noise versus Source Resistance
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Figure 3. Output Noise versus Source Resistance

Figure 2. RMS Noise versus Source Resistance
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Figure 4. Spectral Noise Density
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Figure 5. Burst Noise Test Circuit
Positive
,'\9\% Threshold
Voltage
To Pass/ Fail
Indicator
1.0k
Operational Amplifier Low Pass Filter
Under Test 1.0 Hzto 1.0 kHz
Negative
Threshold
Voltage
Unlike conventional peak reading or RMS meters, this system was especially The test time employed is 10 sec and the 20 uV peak limit refers to the
designed to provide the quick response time essential to burst (popcorn) noise operational amplifier input thus eliminating errors in the closed-loop gain factor
testing. of the operational amplifier .
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Vo,0UTPUT VOLTAGE (Vp.p)

Vo, OUTPUT VOLTAGE SWING (V)

Vo ,0UTPUT VOLTAGE SWING (Vp.p)

MC1458,C, MC1558

Figure 6. Power Bandwidth
(Large Signal Swing versus Frequency)
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Figure 8. Positive Output Voltage Swing
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Figure 10. Output Voltage Swing versus
Load Resistance (Single Supply Operation)
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Figure 7. Open-Loop Freugency Response

\\\
10 10 100 1.0k 10k 100k 1.0M 10M
f, FREQUENCY (Hz)
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Figure 11. Single Supply Inverting Amplifier
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MC1458,C, MC1558

Figure 12. Noninverting Pulse Response
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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
SEMICONDUCTOR I
TECHNICAL DATA

RF/IF/Audio Amplifier

The MC1490P is an integrated circuit featuring wide-range AGC for use in
RF/IF amplifiers and audio amplifiers over the temperature range, —40° to
+85°C. See Motorola Applications Note AN513 for design 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 Vto 15V Operation, Single Polarity Supply
® See MC1350D for Surface Mount

MC1490P

WIDEBAND AMPLIFIER
WITH AGC

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 626

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

Rating Symbol Value Unit
Power Supply Voltage Vee +18 Vdc
AGC Supply V2(AGC) Vee Vdc
Input Differential Voltage Vip 5.0 Vdc
Operating Temperature Range TA —40 to +85 °C
Storage Temperature Range Tstg —65 to +150 °C
Junction Temperature T +150 °C
Representative Circuit Schematic
‘ 20 Vee
1.5k
V2(AGC) 70
o— 5.5k $ 12.1k
470 3 ’:372,_"_5—' 8 (4)
”C_‘,.:'.%'"K«,_ OI (-)ulputs

4
€ nputs 1.4k
(+)%1—K % v 200 3 2.8k
5.0k 5.ok?i—<
5.6k
1k 10K S84k | 200

03
Substrate O 7

Pins 3 and 7 should both be connected to circuit ground.

PIN CONNECTIONS

Output 1
Q]

Vee E
aND [ 3]

Output
6] )

7] Substrate
Ground

Noninvertin
El Input 9

Invertin AGC
lnpuq E E Input
(Top View)
SCATTERING PARAMETERS
(Vo =+12 Vdc, Tp = +25°C, Zo =50 Q)
f=MHz
Typ

Parameter Symbol 30 60 Unit
Input
Reflection 1S11 0.95 0.93 -
Coefficient 011 -7.3 -16 °C
Output
Reflection S22l 0.99 0.98 —
Coefficient 622 -3.0 -5.5 °C
Forward
Transmission 1821 16.8 14.7 —
Coefficient 621 128 64.3 °C
Reverse
Transmission S12 0.00048 | 0.00092 | —
Coefficient 612 84.9 79.2 °C
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MC1490P

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

Characteristics 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 Mage | -60 | — — dB
Output Stage Current (Sum of Pins 1 and 8) — lo 4.0 — 7.5 mA
Single-Ended Power Gain Rg = R|_=50 Q 19 Gp 40 — — dB
Noise Figure Rg = 50 Ohms 19 NF — 6.0 — dB
Power Dissipation - Pp — 168 204 mwW
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 — —
L Vg = 12Vde g RL=10Q VgG = 12 Vde
o 60 =
2 5 40 N
=2 P—] N
< g 5 ~ o] N
© > 4 N
8o 5 30
Ng 4 5] RL=100Q \
==z AN 2 N
£5 30 C S 2 i
2 4 & \
=z 9 N :
== 2 AN ] \
Se N g 10
& 10 & RL=100Q
, 2, [T \\
10 20 50 100 200 0.1 1.0 10 100 1000
fFREQUENCY (MHZ) 1FREQUENCY (MHZ)
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 =msaas 50
==—cui [T
g s0f— Vco=12Vic & Vcc=63Vde
z [ Vo(age) =0V S 40 AL=1.0Q
= [ f=10MHz Pz =
w10 ettt 3 T
e ' w 30 ™
5 o0s @ N
<] = N
Z — ° 100Q N
5 z ™ i
E od ! | N
2 2 ~
> 005 P 5 N\
S —~ HHH— z 10 \
10Q A~
L e <
001 Lt 0
01 02 05 10 20 50 10 20 50 100 03 05 1.0 30 50 10 30 50 100 300
ep, INPUT VOLTAGE (mVRMS) f, FREQUENCY (MH2)
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Ay, SINGLE-ENDED VOLTAGE GAIN (dB)

GR, GAIN REDUCTION (dB)

Gp, POWER GAIN (dB)

MC1490P

Figure 5. Voltage Gain and Supply Current versus
Supply Voltage (Video Amplifier, See Figure 21)

45 T
40

24
21

e
Ay

35 18

30 /
/
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20

15
12
9.0

lcc

15
10

6.0
3.0

5.0 0
0 20 40 60 80 10 12 14 16

Ve, SUPPLY VOLTAGE (V)

Figure 7. Typical Gain Reduction
versus AGC Current
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‘\
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50 N

60
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IAGC AGC CURRENT (mA)

120 140 160

Figure 9. Power Gain versus Supply Voltage
(See Test Circuit, Figure19)

80
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T
0 MHz
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"
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40 Gp

20
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Ve, POWER SUPPLY VOLTAGE (V)

12 14 16

Ic, SUPPLY CURRENT (mAdc)

Figure 6. Typical Gain Reduction

versus AGC Voltage
0

= 10 \ VR(AGC) 5
S 5, 0 O+ MCl430P
5 \ \\ Ragc
§ ® Rage = 100kQ
a AGC

40
« ‘ N
= N
= 50
. 1\ 3
© RAG:“‘OQ RAGC: 5.6 kQ2

70 " h .

wl L 1]

0 30 60 90 12 15 18 21 24 27 30

VR(AGC), AGC VOLTAGE (Vdc)

Figure 8. Fixed Tuned Power Gain Reduction versus
Temperature (See Test Circuit, Figure 19)

% - !
40 l -55°C
\‘\ \
— NN\
g % NN 0°C
=
g 20 N\ — +25°C
S 1 +75°C \
2 ANNN\N
P Vg = 12Vd = \\\‘
o cc: C
e =60 MHz +125°C N
-10 RAGC =5.6 kQ N
-20 L1
50 52 54 56 58 60 62 64 66 68 7.0
VR(AGC), AGC VOLTAGE (Vdc)
Figure 10. Noise Figure versus Frequency
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= L/
2 70
S 60
3 ©
L 50 e
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NF, NOISE FIGURE (dB)

Figure 11. Noise Figure versus
Source Resistance

MC1490P

Figure 12. Noise Figure versus
AGC Gain Reduction

111 s
VGG = 12 Vdc /,/ BW = 1.0 MHz
% i s 9
f=105 MHz_L~"] v o 25
T w
/PH/ 1 % /
= 1260 MHz 3 > 8 2 »
L1 1 w 15 /
L1 T t-30mHz ] / T Test circuit has tuned input
~ Lt 10 4 providing a source resistance —|
optimized for best noise figure.
5 P/ ——
0 A
100 200 400 600 1.0k 2.0k 4.0k 10k 0 -10  -20 -30  -40 -50 -60 -70 -80

Rg, SOURCE RESISTANCE () GR, GAIN REDUCTION (dB)

Figure 13. Harmonic Distortion versus AGC Gain
Reduction for AM Carrier (For Test Circuit, See Figure 14)

MBI | |
35| Modulation: 90 % AM, fry = 1.0k Hz } 1

Load at Pin 5 = 2.0 kW 760 mVp-p
30| EQ = peak-to-peak envelope of 7

modulated 10.7 MHz carrier at pin 5 / /

. VAW

20 t t

15 EQ = 2400 mVp-p / [ / 240 mVp-p

“ / /
/ /

5.0 —/ Vi

0 10 20 30 40 50 60 70 80

GR, GAIN REDUCTION (dB)

HARMONIC DISTORTION IN DETECTED
MODULATION (%)

Figure 14. 10.7 MHz Amplifier Gain = 55 dB, BW = 100 kHz

36pF
5.6k —o 500 Load
VR(AGC) O YWV

10.7MHz O—)F———

(502 Source)  gopF u 3
50-150pF

L1 = 24 tumns, #22 AWG wire
on a T12-44 micro metal
Toroid core (-124 pF)

L2 = 20 turns, #22 AWG wire
on a T12-44 micro metal
Toroid core (-100 pF)
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Figure 15. S11 and S22, Input and Output Figure 16. S11 and S22, Input and Output
Reflection Coefficient Reflection Coefficient

Figure 17. Sp1, Forward Transmission Figure 18. S12, Reverse Transmission
Coefficient (Gain) Coefficient (Feedback)
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Figure 19. 60 MHz Power Gain Test Circuit

Figure 20. Procedure for Setup
Using Figure 19

Test €in VaaGge) | RaGc(kQ)
MaGc | 2.23 mV (—40 dBm) |5.0Vto 7.0V 0
Output Gp | 1.0mV (—47 dBm) <5.0 5.6
(00) NF | 1.0 mV (47 dBm) <5.0 5.6
e
Inout L1 =7 turns, #20 AWG wire, 5/16” Dia., €1,62,C3 = (1-30) pF
530) 5/8” long C4 = (1-10) pF
{ L2 = 6 turns, #14 AWG wire, 9/16” Dia.,
3/4” long
———e +12Vdc
Figure 22. 30 MHz Amplifier
Figure 21. Video Amplifier (Power Gain = 50 dB, BW = 1.0 MHz)
1.0uF T
1-30) pF 7 _
VR(AGC) In(pm )P RL=500
V|
R(AGC) 500) 0; & T

€

0.001pF f[: U—

— +12Vdc
VR(AGC)™

® +12Vdc L1 = 12 turns, #22 AWG wire on a Toroid core,
0.001pF (T37-6 micro metal or equiv)
T1: Primary = 17 turns, #20 AWG wire on a Toroid core,
(T44-6)
Secondary = 2 turns, #20 AWG wire
Figure 23. 100 MHz Mixer
VAGC ~ 6.0V A (1-10)pF
Input from N (1-30) pF
local oscillator  1qg Fo
(70MHz) b1 IF Output
. (30MHz)
Signal Input L2 3
(100MHz)
(1-30)pF +12Vde

0.0024F 5 10uH

L1 =5 turns, #16 AWG wire, 1/4”, D,
. 5/8”,long

L2 = 16 turns, #20 AWG wire on a Toroid

core, (T44-6)
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DESCRIPTION OF SPEECH COMPRESSOR Table 1. Distortion versus Frequency

The amplifier drives the base of a PNP MPS6517 operating Distortion Distortion
common-emitter with a voltage gain of approximately 20. The Freq y - - - -
control R1 varies the quiescent Q point of this transistor so that 10mVej | 100mVe; | 10mVe; | 100 mVe
varying amounts of signal exceed the level V;. Diode D1 100 Hz 3.5% 12% 15% 27%
rectifies the positive peaks of Q1’s output only. when thes.e 300 Hz 29, 10% 6% 20%
peaks are greater than Vy = 7.0 V. The resulting output is
filtered by Cx, Ry. 1.0 kHz 1.5% 8% 3% 9%

Ry controls the charging time constant or attack time. Cy is 10 kHz 1.5% 8% 1% 3%
involved in both charge and discharge. R2 (the 150 kQ and " " N "
input resistance of the emitter-follower Q2) controls the decay 100 kHz 1.5% 8% 1% 3%

time. Making the decay long and attack short is accomplished Notes 1 and 2 Notes 3 and 4

by making Rx small and R2 large. (A Darlington

emitter-follower may be needed if extremely slow decay times NOTES: (1) 2;:2% fgg%':s ®) Qﬁgiﬁfg%r:fs
are required.) 2) C =7:r) F 4) C =0_68. F
The emitter-follower Q2 drives the AGC Pin 5 of the @ R§=0(Sion) @ Rf= 15,(5l

MC1490P and reduces the gain. R3 controls the slope of
signal compression.

Figure 24. Two-Stage 60 MHz if Amplifier (Power Gain ~ 80 dB, BW = 1.5 MHz)

10k
VR(AGC) ® YW\
(1-10)pF
24pF 0.002uF
Input ‘()__ T ul Output
(509) ? Z (500)
~ 1.0k
= 7 =
1 39pF.
U —10)pF7
0.002uF—~ UL
10puH
+12Vdc @ = -
T1: Primary Winding = 15 turns, #22 AWG wire, 1/4” ID Air Core T1: Primary Winding = 10 turns, #22 AWG wire, 1/4” ID Air Core
Secondary Winding = 4 turns, #22 AWG wire, Secondary Winding = 2 turns, #22 AWG wire,
Coefficient of Coupling ~ 1.0 Coefficient of Coupling =~ 1.0
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Input o

Figure 25. Speech Compressor

Qi

+12VO 25,F
0.001
1.0k
ANA-
1.0k -
ANA-
(|) 2 10pF
Ic
1T
15uF 10pF
) ———
+12V 12V
R3
15k

Vi

Output
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MOTOROLA

SEMICONDUCTOR I

TECHNICAL DATA

Differential Video Amplifier

The MC1733CB is a wideband amplifier with differential input and differential

MC1733CB

DIFFERENTIAL VIDEO
WIDEBAND AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

output. Gainiis fixed at 10 V, 100 V, or 400 V without external components. With
the addition of one external resistor, gain becomes adjustable from 10 V
to 400 V.

® Bandwidth: 120 MHz Typical @ Ayq = 10
® Rise Time: 2.5 ns Typical @ Ayg = 10
® Propagation Delay Time: 3.6 ns Typical @ Ayg = 10

Figure 2. Voltage Gain
Figure 1. Basic Circuit Adjust Circuit

Gain Select
—_—

Vcg Gia GiB

Gig
0.2uF

Output 1
1k

Input 1 Output 1

Input 1

MC1733CB

Input 2 Output2
Input 2

{ [ Output 2
02uF 2 4y
VEE Goa GoB = =

VEE G2a G28
——
Gain Select

~——

Gain Select

Figure 3. Equivalent Circuit Schematic

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(SO-14)

1

L SUFFIX
CERAMIC PACKAGE
CASE 632

1

P SUFFIX
PLASTIC PACKAGE
CASE 646

’
R il

PIN CONNECTIONS

Vee
o)
L w3
11k 3 [ -
24 2 2k 2 10k 2
] B b
Sy
7k Output 1
Input 1 WA 0
G o
Gan ) 1A w0 S5
Select 3 p
Gpp 0 I 7 Output2
o © A o
Gain EE 590 EE 590
Select
Gig

_

o [\

[
FEESIE

U/
Input 2 [T} [14] Input 1
NC [2] [13] NC
Gain Gz E E GaA Gain
Select Gig E{ \/ [11] G1A Select
Ve [§] 19l veo
NC [6] [9] NC
Output 2 [7] (8] Output 1
(Top View)

ORDERING INFORMATION

Temperature
Device Range Package
MC1733CBD SO-14
MC1733CBL 0° to +70°C Plastic DIP
MC1733CBP CeramicDIP
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MC1733CB

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

Rating Symbol Value Unit
Power Supply Voltage Vce +8.0 \
VEE -8.0
Differential Input Voltage Vin +5.0 \
Common Mode Input Voltage Vicm 6.0
Output Current lo 10 mA
Internal Power Dissipation PDp 500 mwW
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg —65 to +150 °C

ELECTRICAL CHARACTERISTICS (VG = +6.0 Vdc, VEE = -6.0 Vdc, @ +25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Differential Voltage Gain Avd VIV
Gain 1 (Note 2) 250 400 600
Gain 2 (Note 3) 80 100 120
Gain 3 (Note 4) 8.0 10 12
Bandwidth (Rg = 50 Q) BW MHz
Gain 1 — 40 —
Gain 2 - 90 —_
Gain 3 — 120 —
Rise Time (Rg =50 Q, Vo =1.0 Vp-p) tTLH ns
Gain 1 tTTHL — 10.5 —
Gain 2 - 4.5 —
Gain 3 — 25 —
Propagation Delay (Rg = 50 ©, Vo = 1.0 Vp.p) tPLH ns
Gain 1 tPHL — 75 -
Gain 2 — 6.0 —
Gain 3 - 3.6 -
Input Resistance Rin kQ
Gain 1 — 4.0 —
Gain 2 10 30 —
Gain 3 _ 250 —
Input Capacitance (Gain 2) Cin — 2.0 —_ pF
Input Offset Current (Gain 3) ol — 0.4 5.0 A
Input Bias Current (Gain 3) B — 9.0 30 A
Input Noise Voltage (Rg = 50 Q, BW = 1.0 kHz to 10 MHz) Vn —_ 12 — HV(rms)
Input Voltage Range (Gain 2) Vin +1.0 — — \
Common Mode Rejection CMR dB
Gain2 (Vgm =+1.0V, f = 100 kHz) 60 86 -
Gain2 (Vgm=+1.0V, f=5.0 MHz) b 60 -
Supply Voltage Rejection PSR 50 70 — dB |
Gain2 (AVg =10.5V) |
Output Offset Voltage Voo v
Gain 1 — 0.6 2.0
Gain 2 and Gain 3 _ 0.35 1.5
Output Common Mode Voltage (Gain 3) VcMmo 24 29 3.4 \
Output Voltage Swing (Gain 2) Vo 3.0 4.0 — Vp-p
Output Sink Current (Gain 2) ISink 25 3.6 — mA
Output Resistance Rout - 20 — Q
Power Supply Current (Gain 2) ID — 18 24 mA
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MC1733CB

ELECTRICAL CHARACTERISTICS (Vg = +6.0 Vdc, VEE = —6.0 Vdc, @ Ta = Thigh to Tiow, unless otherwise noted.)*

Characteristics Symbol Min Typ Max Unit
Differential Voltage Gain AvD VIV
Gain 1 (Note 2) 250 — 600
Gain 2 (Note 3) 80 — 120
Gain 3 (Note 4) 8.0 — 12
Input Resistance Rin 8.0 — — kQ
Gain 2
Input Offset Current (Gain 3) llol — — 6.0 uA
Input Bias Current (Gain 3) B —-— —_ 40 A
Input Voltage Range (Gain 2) Vin +1.0 — — \"
Common Mode Rejection CMR 50 — — dB
Gain 2 (Vgm = 1.0V, f = 100 kHz)
Supply Voltage Rejection PSR 50 — — dB
Gain 2 (AVg =+0.5V)
Output Offset Voltage Voo v
Gain 1 — — 1.5
Gain 2 and Gain 3 — — 15
Output Voltage Swing (Gain 2) Vo 25 — — Vp-p
Output Sink Current (Gain 2) lo 25 — — mA
Power Supply Current (Gain 2) ID — —~ 27 mA

*Tiow = 0°C for MC1733. Thjgh = +70°C for MC1733C.
Derate dual-in-line package at 9.0 mW/°C for operation at ambient temperatures above 100°C (see Figure 4). If operation
at high ambient temperatures is required a heatsink may be necessary to limit maximum junction temperature at 150°C.

NOTES: 1.

2. Gain Select pins G1a and G1g connected together.
3. Gain Select pins Goa and Gop connected together.

4. All Gain Select pins open.

Figure 4. Maximum Allowable Power Dissipation

800

s Ceramic Dual —
E 600 In-Line Package
5 9.0 mV/°C
=
&
2
[+ =
= \
2 200 A\
o N\

0

0 50 100 150 200

TA, AMBIENT TEMPERATURE (°C)

Figure 5. Supply Current versus Temperature
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=
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Figure 6. Supply Current versus Supply Voltage
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Ay, RELATIVE VOLTAGE GAIN

Ay , RELATIVE VOLTAGE GAIN

Ayg, SINGLE-ENDED VOLTAGE GAIN (dB)

MC1733CB

Figure 7. Gain versus Temperature
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Figure 9. Gain versus Supply Voltage
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Figure 11. Gain versus Frequency and
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Vo, OUTPUT VOLTAGE (V)

Vo, OUTPUT VOLTAGE (V)
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Figure 13. Pulse Response versus Gain
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Figure 15. Pulse Response versus Temperature
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Figure 17. Phase Shift versus Frequency
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Figure 14. Pulse Response versus Supply Voltage
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Figure 19. Input Resistance versus Temperature

Rin, INPUT RESISTANCE (kQ2)

Vg, OUTPUT VOLTAGE SWING (Vp-p)
10, OUTPUT SINK CURRENT (mA)

Figure 23. Output Voltage Swing versus Frequency

Vg, OUTPUT VOLTAGE SWING (Vp-p)
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Figure 21. Output Voltage Swing and
Sink Current versus Supply Voltage
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Figure 20. Input Noise Voltage
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Figure 25. Voltage Controlled Oscillator

LVcc
¢ R

——0 Qutput

2N4360 or
Control  Equivalent
Voltage
Ve
VEE
By changing the voltage V the gain will vary over arange of 10 Vto

400 V. This will give a frequency variation about the value set 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 circuit
with no threshold circuitry. Each block represents a basic
function that must be performed by the Read circuit. The first
block, referred to as “amplification”, 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
7.0 mV to 25 mV for the signal from the Read head and 2.0 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 mentioned above, the overall
amplification required is 38 dB 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 dB 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, and MLM301. Equipment
requiring higher transfer rates, such as disk systems normally
use wideband amplifiers such as the MC1733CB. The actual
crossover point where wideband amplifiers are used
exclusively varies with equipment design. 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 approximatley 20 dB open-loop gain at 100 kHz; the
MC1733CB has approximately 33 dB of gain out to 100 MHz
(depending on a 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
crossing” for each of the data peaks in the Read signal.

Figure 26. Oscillator Frequency for
Various Capacitor Values

CAPACITANCE (pF)

620Q 3 R1 [ MC1733CB

+—o Out \

< Vg
LI J R Y T R B B

100 10k 100k 1.0M 10M
f, FREQUENCY (Hz)

Figure 27. Typical Read Circuit (Method 1)

N Zero
Amplifiers Peak ? .
Head Crossing Limiter Output
MC1733CB Detector Detector

The actual circuitry used to differentiate the Read signal
varies from a differential LC type in disc systems to a simple
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 30 dB. Thus, the 2.0 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 low 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 include
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 function 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.

Figure 28. Read Circuit (Method 2)

Double-Ended
Limit Detector
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MC1733CB

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 preset
threshold.

Figure 29. Read Circuit (Method 3)

Amplifiers "~ Peak Zero
Head Mc1p7330B Rectifiers Detector Crossing
Detector

Detector D

Q™ Output

L d¢

The technique shown in Figure 30 uses separate circuits
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
advantages or disadvantages. The overall decision as to
which method to use however often involves other important
considerations. These could include cost and system
requirements or circuitry other than simply the Read circuitry.
For instance, if cost is the predominate overall factor, then
Method 1 may be the only feasible alternative.

Method 4 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 positive and
negative peaks.

Figure 30. Read Circuit (Method 4)
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Detector
Q
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Threshold ———1D
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Output
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Peak —qc
Detector
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MOTOROLA
SEMICONDUCTOR .
TECHNICAL DATA

Internally Compensated, High
Performance Operational Amplifiers

The MC1741 and MC1741C were designed for use as summing amplifiers,
integrators, or amplifiers with operating characteristics as a function of the
external feedback components.

® No Frequency Compensation Required

® Short Circuit Protection

® Offset Voltage Null Capability

® Wide Common Mode and Differential Voltage Ranges
® | ow Power Consumption

® No Latch Up

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

Rating Symbol | MC1741C | MC1741 | Unit
Power Supply Voltage Vee: VEE +18 +22 Vde
Input Differential Voltage Vip +30 v
Input Common Mode Voltage (Note 1) Vicm +15 v
Output Short Circuit Duration (Note 2) tsc Continuous
Operating Ambient Temperature Range TA Oto+70 |-55to+125| °C
Storage Temperature Range Tstg °C
Ceramic Package —65 to +150
Plastic Package -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
(1/4 of Circuit Shown)

2 1_(' JE_’___{' J gV

Noninverting
| 3
25
i 3%k T
M 30pF | 75 p
O- e O Output

MC1741
MC1741C

OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

\" U SUFFIX
0 CERAMIC PACKAGE
8 CASE 693
1
D SUFFIX
Q PLASTIC PACKAGE
& CASE 751
(50-8)
PIN CONNECTIONS
Offset Null [ 5] N.C.
Inv. Input [2} vee
Noninv. Input [ 3] 6 | Output
VEE [4] [5 ] Offset Null
(Top View)

ORDERING INFORMATION

Offset
Nul O—

1.0k 50k $ 1.0k % 5.0k

X

o
50k ¥ 50 5

O VEE

Temperature
Device Alternate ange Package
MC1741CD — SO-8
MC1741CP1 Iﬁ%ﬂ ?3 0° to +70°C Plastic DIP
MC1741CU — CeramicDIP
MC1741U — -55° to CeramicDIP
+125°C
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MC1741, MC1741C

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

MC1741 MC1741C
Characteristics Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage Vio — 1.0 5.0 — 2.0 6.0 mV
(Rg<10k)

Input Offset Current llo - 20 200 —_ 20 200 nA

Input Bias Current B — 80 500 — 80 500 nA

Input Resistance rj 0.3 2.0 —_ 0.3 2.0 —_ MQ

Input Capacitance Cj — 1.4 — — 1.4 — pF

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

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

Large Signal Voltage Gain AvoL 50 200 — 20 200 — Vimv
(Vo=+10V, R 22.0k)

Output Resistance o — 75 — — 75 — Q

Common Mode Rejection CMR 70 90 — 70 90 — dB
(Rs<10k)

Supply Voltage Rejection PSR 75 —_ — 75 — — dB
(Rs<10k)

Output Voltage Swing Vo Vv
(RL210k) 12 +14 — £12 +14 —
(RL22.0k) +10 +13 — +10 +13 —

Output Short Circuit Current Isc —_ 20 - - 20 - mA

Supply Current ID — 1.7 2.8 — 1.7 2.8 mA

Power Consumption Pc - 50 85 —_ 50 85 mwW

Transient Response (Unity Gain, Noninverting)

(V)=20mV, R_2 2.0 k, C|_< 100 pF) Rise Time tTLH - 0.3 — — 0.3 — us
(V)=20mV, R|_2 2.0 k, C|_< 100 pF) Overshoot 0s — 15 — — 15 — %
(V=10 V, RL> 2.0k, C|_< 100 pF) Slew Rate SR — 05 — — 0.5 — Vius
ELECTRICAL CHARACTERISTICS (Vcc = +15 V, VEE = =15V, TA = Tjow to Thigh, unless otherwise noted.)*
MC1741 MC1741C
Characteristics Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage Vio — 1.0 6.0 — - 75 mV
(Rg < 10kQ)

Input Offset Current lio nA
(TA = +125°C) - 7.0 200 — — —

(Ta =-55°C) —_ 85 500 - — —
(TA =0°t0 +70°C) - — —_ — — 300

Input Bias Current B nA
(TA = +125°C) — 30 500 — —_ —_

(T =-55°C) — 300 1500 —_ — —
(TA=0°t0 +70°C) — - — — 800

Common Mode Input Voltage Range VICR +12 +13 —_ —_ —_ - v

Common Mode Rejection CMR 70 90 — — — — dB
(Rg<10k)

Supply Voltage Rejection PSR 75 — - 75 -_ — dB
(Rs<10k)

Output Voltage Swing Vo Vv
(RL210k) +12 +14 — — — —
(RL22.0k) +10 +13 —_ +10 +13 —

Large Signal Voltage Gain AvoL 25 - - 15 - - VimV
(RL22.0k, Vo =£10V)

Supply Currents ID : mA
(Ta = +125°C) — 1.5 25 — —

(Ta =-55°C) — 2.0 3.3 — —
Power Consumption (TA = +125°C) Pc - 45 75 — — — mwW
(TA =-55°C) — 60 100 — — —
Thigh= 125°C for MC1741 *Tiow= -55°C for MC1741
70°C for MC1741C 0°C for MC1741C
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ep, INPUT NOISE (1Vpk)

ep, OUTPUT NOISE (mVrms)

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
Positive
,1\985 Threshold ©
Voltage
To Pass/ Fail
Indicator
1.0k
Operational Amplifier Low Pass
Under Test Fitter
1.0Hz to 1.0kHz
Negative
Threshold
Voltage
Unlike conventional peak reading or RMS meters, this system was especially The test time employed is 10 sec and the 20 mV peak limit refers to the
designed to provide the quick response time essential to burst (popcorn) noise operational amplifier input thus eliminating errors in the closed-loop gain
testing. factor of the operational amplifier.
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Vo,0UTPUT VOLTAGE (Vp.p) Vo, OUTPUT VOLTAGE (Vp.p)

Vo, OUTPUT VOLTAGE SWING (Vp-p)

MC1741, MC1741C

Figure 6. Power Bandwidth
(Large Signal Swing versus Frequency)
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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 Freuqncy Response

120

100

80 \

60 \

40

20

0 \
-20
1.0 10 100 1.0k 10k 100k 1.0M 10M
, FREQUENCY (Hz)
Figure 9. Negative Output Voltage Swing
versus Load Resistance
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Figure 11. Single Supply Inverting Amplifier
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Ay, VOLTAGE GAIN (dB)

MC1741, MC1741C

Figure 12. Noninverting Pulse Response

5.0 VDIV

10 ps/DIV

Figure 13. Transient Response Test Circuit
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Figure 14. Open-Loop Voltage Gain
versus Supply Voltage
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MOTOROLA MC1747

SEMICONDUCTOR I MC1747C
TECHNICAL DATA

(Dual MC1741) (DUAL MC1741)

: DUAL
Interna"y Compensa.ted, ngh e OPERATIONAL AMPLIFIERS
Performance Operational Amplifiers SILICON MONOLITHIC
INTEGRATED CIRCUIT

The MC1747 and MC1747C were designed for use as summing amplifiers,
integrators, or amplifiers with operating characteristics as a function of the
external feedback components. The MC1747L and MC1747CL are functionally
and electrically equivalent to the LA747 and nA747C respectively.

® No Frequency Compensation Required D SUFFIX
¢ Short Circuit Protection \(& PLAg?gEP?g;AGE
® Wide Common Mode and Diferential Voltage Ranges o (S0-14)
® Low-Power Consumption
® No Latch Up
e Offset Voltage Null Capability P2 SUFFIX
\ PLASTIC PACKAGE
CASE 646
14
1
Figure 1. High-Impedance, High-Gain Inverting Amplifier
vee Vee L SUFFIX
CERAMIC PACKAGE
CASE 632
PIN CONNECTIONS
\
VeE Inv Input [1] A 14 AdjA
Termi hi
erminals not shown are not connected Noninv Input [Z] 3 Voo A
Offset Adj A [3] 12 OutputA
. Vee [4] i1 N.C.
Figure 2. Circuit Schematic Offset AdjB [5] 10 OutputB
3 j% veo Noninv Input Ej>ﬂ/ EIR7:
Norinveting I——(' H Inv Input [7] 8] Offset Adj B
nput
D—’;:‘i l 4.5k VccA and VB are not connected internally
25
Invertiny 38k
|nputg 30pF | 7.5k s !
o 1 ! < O Output ORDERING INFORMATION |
o 1 Temperature ‘
1 >——|< 50 Device Range Package
Offset o .;F : MC1747L —-55°t0 +125°C Ceramic DIP
Nul G 4 50k 350 MC1747CD SO-14
1.0k 50k 2 1.0k 350k oV MC1747CL 0°to +70°C Ceramic DIP
EE MC1747CP2 Plastic DIP
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MC1747, MC1747C

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

Rating Symbol MC1747 MC1747C Unit
Power Supply Voltages Vee +22 +18 Vdc
VEE -22 -18

Differential Input Signal Voltages (Note 1) ViD +30 v
Common Mode Input Swing Voltage (Note 2) VicR +15 \
Output Short Circuit Duration tsc Continuous
Voltage (Measurement between Offset Null and VEE) 0.5 \
Operating Ambient Temperature Range TA -55to +125 0to +70 °C
Storage Temperature Range Tstg —65to +150 | —65 to +150 °C
Junction Temperature Ty °C

Ceramic Package 175

Plastic Package 150

ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEE = =15V, Tp = +25°C, unless otherwise noted.)

MC1747 MC1747C
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Bias Current B nAdc
TA = +25°C — 80 500 — 80 500
TA = Thigh (Note 3) — 30 500 — 30 800
TA = Tiow (Note 3) — 300 1500 —_ 30 800
Input Offset Current lio nAdc
Ta = +25°C — 20 200 —_ 20 200
Ta=Thigh — 7.0 200 — 7.0 300
TA = Tlow — 85 500 — 7.0 300
Input Offset Current Vio mVdc
TA = +25°C — 1.0 5.0 — 1.0 6.0
TA = Tiow to TA = Thigh — 1.0 6.0 — 1.0 75
Offset Voltage Adjustment Range — +15 — +15 mV
Differential Input Impedance (Open-loop, f = 20 Hz)
Parallel Input Resistance ] 0.3 2.0 — 0.3 2.0 . MQ
Parallel Input Capacitance i — 1.4 - — 1.4 - pF
Common Mode Input Voltage Swing VICcR v
Tiow < TA < Thigh +12 +13 — +12 +13 —
Common Mode Rejection (Rg = 10 kQ) CMR dB
Tiow<TA< Thigh 70 90 — 70 90 -
Open-Loop Voltage Gain AvoL \
TA = +25°C 50,000 | 200,000 —_ 25,000 | 200,000 —_
TA=Tiowto TA= Thik (Vo =10V, R_=2.0kQ) 25,000 o _ 15,000 o —
Transient Response (Unity Gain)
(Vin=20mV R|_ =2.0kQ, CL <100 pF)
Rise Time ‘ tPLH — 0.3 — — 0.3 — us
Overshoot Percentage - 5.0 —_ - 5.0 — %
Slew Rate (Unity Gain) SR — 0.5 — — 0.5 — Vius
Output Impedance 2 — 75 — — 75 — Q
Short Circuit Output Current Isc — 25 — — 25 — mAdc
Channel Separation — 120 — — 120 — dB
Output Voltage Swing (Tiow < TA < Thigh) VOR Vpk
RL = 10kQ +12 +14 —_ +12 +14 —_
RL=2.0kQ +10 +13 — +10 +13 —
Power Supply Rejection (Tiow to Thigh) dB
VEE = Constant, Rg < 10 kQ PSR+ 75 - —_ 75 - -
Vcc = Constant, Rg < 10 kQ PSR- 75 — — 75 — —
Power Supply Current (each amplifier) Icc,IEE mAdc
Ta = +25°C — 1.7 2.8 — 1.7 2.8
TA=Tiow — 2.0 3.3 — 20 3.3
TA = Thigh — 1.5 25 — 20 3.3
DC Power Consumption (each amplifier) Pc mwW
TA = +25°C —_— 50 85 . 50 85
Ta=Tiow - 60 100 — 60 100
TA = Thigh - 45 75 — 60 100

NOTES: 1. For supply voltages of less than £15 V, the maximum differential input voltage is equal to (V¢ +|VEE))-
2. For supply voltages of less than +15 V, the maximum input voltage is equal to the supply voltage (+Vcc, —IVEE-
3. Tiow = 0°C for MC1747CL Thigh = +70°C for MC1747CL

—55°C for MC1747L

+125°C for MC1747L
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Ayol, OPEN-LOOP VOLTAGE GAIN (dB)

MC1747, MC1747C

Figure 3. Typical Frequency Shift Keyer Tone Generator Test Circuit
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Figure 4. Typical Frequency Shift Keyer
Tone Generator
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Figure 5. Open-Loop Voltage Gain
versus Power-Supply Voltage Figure 6. Open-Loop Frequency Response
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Vo , OUTPUT VOLTAGE (Vp.p)

Vo, OUTPUT VOLTAGE (Vp.p)

MC1747, MC1747C

Figure 7. Power Bandwidth Figure 8. Power Consumption
(Large Signal Swing versus Frequency) versus Power Supply Voltage
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Figure 9. Output Voltage Swing

versus Load Resistance Figure 10. Output Noise versus Source Resistance
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MOTOROLA
SEMICONDUCTOR I
TECHNICAL DATA

High Performance
Operational Amplifier

The MC1748 is designed for use as a summing amplifier, intergrator, or
amplifier with operating characteristics as a function of the external feedback
components.

® Noncompensated MC1741

Single 30 pF Capacitor Compensation Requried For Unity Gain
Short Circuit Protection

Offset Voltage Null Capability

Wide Common Mode and Differential Voltage Ranges

Low Power Consumption

No Latch Up

Figure 1. Circuit Schematic
y [: y
Noninverting

Input
P 3 4.5k
Inverting 39k %
Input 7.5k >
20 i —jtHe— OG Output

s0—4
Wr H —

L 50
10 ) 4
r 50k §50 _“‘ﬁ
1.0k 50k $1.0k $5.0k r VEE
‘ 4

8 O Compensation
<7> vee

I

MC1748C

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

1

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

PIN CONNECTIONS

Balance [1] 8] Compensation

ORDERING INFORMATION

Device Temperature Range Package

MC1748CP1 0°to +70°C Plastic DIP

Typical Compensation Circuits

Figure 2. Offset Adjust and
Frequency Compensation

Figure 3. Single-Pole
Compensation

R1Cg
" Ri+R2
Cs =30 pF

Figure 4. Feedforward
Compensation
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MC1748C

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

Rating Symbol Value Unit
Power Supply Voltage Vee +18 Vde
VEE -18
Differential Input Signal Vin +30
Common Mode Input Swing (Note 1) VICR +15 \
Output Short Circuit Duration tsc Continuous
Power Dissipation (Package Limitation) Pp 680 mwW
Derate above Tp = +25°C 46 mW/,°C
Operating Temperature Range TA 0to+70 °C
Storage Temperature Range Tstg —65to +150 °C
ELECTRICAL CHARACTERISTICS (Vcg = +15 Vdc, VEE =15V, Tp = +25°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Input Bias Current B pAdc
TA = +25°C — 0.08 0.5
TA = Tiow to Thigh (Note 2) - - 0.8
Input Offset Current ol pAdc
TA = +25°C — 0.02 0.2
TA = Tiow to Thigh — — 0.3
Input Offset Voltage (R <10 k Q) Viol mVdc
TA = +25°C —_ 1.0 6.0
TA = Tiow 10 Thigh - - 75
Differential Input Impedance (Open-Loop, f = 20 Hz)
Parallel Input Resistance Rp 0.3 2.0 — MQ
Parallel Input Capacitance Cp — 1.4 - pF
Common Mode Input Impedance (f 20 Hz) Zip .- 200 MQ
Common Mode Input Voltage Swing VICR +12 +13 — Vpk
Common Mode Rejection (f = 100 Hz) CMR 70 90 — dB
Open-Loop Voltage Gain, (Vo =+10 V, R = 2.0 kQ) Avol VIV
TA = +25°C 20,000 200,000 —
TA = Tiow t0 Thigh 15,000 -
Step Response (Vjn = 20 mV, C¢ = 30 pF, R = 2.0 kQ, C|_ = 100 pF)
Rise Time tr — 0.3 — us
Overshoot — 5.0 — %
Slew Rate dVout/dt — 0.8 — Vips
Output Impedance (f = 20 Hz) Zg — 75 — Q
Short Circuit Output Current Isc — 25 —_ mAdc
Output Voltage Swing (R = 10 kQ) Vo +12 +14 — Vpk
RL=2kQ (TA = Tiow to Thigh) +10 +13 -
Power Supply Sensitivity dB
VEE = constant, Rg < 10 kQ PSR+ 75 — —
Vg = constant, Rg < 10 kQ PSR- 75 —_ -
Power Supply Current Ip + — 1.67 2.83 mAdc
Ip- —_ 1.67 2.83
DC Quiescent Power Dissipation Pp mwW
(Vo=0) - 50 85

NOTES: 1. For supply voltages of less than +15 V, the Maximum Input Voltage Is equal to the Supply Voltage.
2. Tjow: 0°C for MC1748C
Thigh: +70°C for MC1748C
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Ay , VOLTAGE GAIN (dB) Vir, INPUT VOLTAGE RANGE (V)

Ay , VOLTAGE GAIN (dB)
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Figure 5. Minimum Input Voltage Range
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Figure 11. Voltage Follower Pulse Response Figure 12. Open-Loop Frequency Response
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MOTOROLA
SEMICONDUCTOR H
TECHNICAL DATA

Micropower Programmable
Operational Amplifier

This extremely versatile operational amplifier features low power consumption
and high input impedance. In addition, the quiescent currents within the device
may be programmed by the choice of an external resistor value or current source
applied to the Igetinput. This allows the amplifier’s characteristics to be optimized
for input current and power consumption despite wide variations in operating
power supply voltages.

MC1776
MC1776C

PROGRAMMABLE
OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P1 SUFFIX
PLASTIC PACKAGE
CASE 626
(MC1776C Only)

S U SUFFIX
r.'s CERAMIC PACKAGE
. CASE 693

D SUFFIX
PLASTIC PACKAGE
9« CASE 751
(SO-8)

PIN CONNECTIONS

® +1.2Vto+18 V Operation
® Wide Programming Range
® Offset Null Capability
® No Frequency Compensation Required
® | ow Input Bias Currents
® Short Circuit Protection
Resistive Programming
(See Figure 1)
Rset to Ground Rset to Negative Supply
(Recommended for supely voltage
less than 6.0 V)
70 Ve 7o Vee
Rset Rset
Vcc -0.6
- Ve -0.6 - VEE
VEEO lset=—p VEEO gz —CC 0" TEE
set Rset
Typical Rggt Values Typical Rggt Values
Voo VEE | lset=151A | lget=15pA VoG VEE | lset=15pA | Iggt=15pA
6.0V 3.6 MQ 360 kQ .5V 1.6 MQ 160 kQ
0V 6.2MQ 620 kQ 3.0V 3.6 MQ 360 kQ
2V 7.5MQ 750 kQ 6.0V 7.5MQ 750 kQ
15V 10 MQ 1.0 MQ 15V 20 MQ 2.0 MQ

Active Programming

FET Current Source Bipolar Current Source

Pins not shown are not connected.

Offset Null [1] ] lset

Input

Invert 2] Vee

Noninvert H.} 6] Output
VEE [4] [5] Offset Null

(Top View)

ORDERING INFORMATION

Device Temperature Range | Package
MC1776U -55° to +125°C Ceramic DIP
MC1776CD SO-8
MC1776CP1 0° to +70°C Plastic DIP
MC1776CU Ceramic DIP
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MC1776, MC1776C

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

Rating Symbol Value Unit
Power Supply Voltages Vce,VEE +18 Vdc
Differential Input Voltage ViD +30 Vde
Common Mode Input Voltage VicM
Voc and [VEg| < 15V Vce VEE Vdc
Vocand [VEE| = 15V +15
Offset Null to VEEg Voltage Voft-VEE +0.5 Vdc
Programming Current ’ Iset 500 pA
Programming Voltage Vset (Vcc—20V) Vdc
(Voltage from Iggt Terminal to Ground) to Voo
Output Short Circuit Duration (Note 1) tsc Indefinite sec
Operating Temperature Range TA °C
MC1776 -55t0 +125
MC1776C 0to+70
Storage Temperature Range Tstg °C
Ceramic Package —65to +150
Plastic Package —55t0 +125
Junction Temperature Ty °C
Ceramic Package 175
Plastic Package 150

NOTE 1. May be to ground or either Supply Voltage. Rating applies up to a case temperature
of +125°C or ambient temperature of +70°C and Iget < 30 pA.

Equivalent Schematic Diagram

89 Iset 7
Wl W W g
T
2
Inputs
30
+ 2.0k
j E | 100 6
L Output
jo—¢ :
Offset Null
50 P 4
10k 10k$
L T )
©VEE
Voltage Offset Null Circuit Transient Response Test Circuit

RL

Pins not shown are
not connected.
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MC1776, MC1776C

ELECTRICAL CHARACTERISTICS (Voo = +3.0 V, VEE ==3.0V, Iggt = 1.5 pA, Tp = +25°C, unless otherwise noted.)

MC1776 M1776C
Characteristics Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage (Rg < 10 kQ) Vio mV
Ta = +25°C — 2.0 5.0 — 2.0 6.0
Tiow” < TA < Thigh' — — 6.0 — — 7.5

Offset Voltage Adjustment Range VIOR — 9.0 — - 9.0 _ mV

Input Offset Current llo nA
TA = +25°C — 0.7 3.0 — 0.7 6.0
TA=Thigh — — 5.0 — - 6.0
TA = Tiow — — 10 — —_ 10

Input Bias Current B nA
TA = +25°C — 2.0 7.5 — 2.0 10
TA =Thigh — — 75 — — 10
TA =Tiow - — 20 — — 20

Input Resistance T — 50 — — 50 —_ MQ

Input Capacitance ] - 2.0 - — 2.0 — pF

Input Voltage Range : ViD . \
Tiow < TA < Thigh +1.0 — — +1.0 — —

Large Signal Voltage Gain AvoL VIV
RL275kQ, Vo =%1.0V, Tp = +25°C 50 k 200 k — 25k 200 k —
RL275kQ, VO =£1.0V, Tiow < TA < Thigh 25k — —_ 25k — —

Output Voltage Swing Vo Vv
RL 275 kQ, Tiow < TA < Thigh +2.0 +2.4 — +2.0 2.4 —

Output Resistance ‘o —_ 5.0 —_ — 5.0 —_ kQ

Output Short Circuit Current Isc — 3.0 — —_ 3.0 —_ mA

Common Mode Rejection CMR dB
Rg <10k, Tiow < TA < Thigh 70 86 — 70 86 —_

Supply Voltage Rejection Ratio PSRR uvnv
Rg <10 kQ, Tiow < TA < Thigh — 25 150 — 25 200

Supply Current Icc. IEe ‘ HA
TA = +25°C — 13 20 —_ 13 20

" Tiow < TA<Thigh — - 25 - — 25

Power Dissipation Pp uw
TA = +25°C — 78 120 — 78 120
Tiow < TA<Thigh — — 150 — — 150

Transient Response (Unity Gain)

Vin=20mV, R_25.0kQ, C|_ =100 pF
Rise Time tTLH — 3.0 — — 3.0 — Hs
Overshoot oS —_ 0 —_ - 0 —_ %
Slew Rate (R 2 5.0 kQ) SR — 0.03 — — 0.03 — Vius
*Tiow = -55°C for MC1776 Thigh = +125°C for MC1776
0°C for MC1776C +70°C for MC1776C
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MC1776, MC1776C

ELECTRICAL CHARACTERISTICS—continued (Vo = +3.0 V, VEE =—-3.0V, Iget = 15 pA, Ta = +25°C, unless otherwise noted.)

MC1776 MC1776C
Characteristics Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage (Rg < 10 kQ2) Vio mV
TA = +25°C — 2.0 5.0 — 2.0 6.0
Tiow” < TA < Thigh" - — 6.0 — — 7.5

Offset Voltage Adjustment Range VIOR — 18 — — 18 — mV

Input Offset Current o nA
TA = +25°C — 2.0 15 - 2.0 25
TA = Thigh — — 15 — — 25
TA = Tlow — — 40 — — 40

Input Bias Current B nA
TA = +25°C — 15 50 — 15 50
TA =Thigh — — 50 — — 50
TA = Tiow — . 120 — — 100

Input Resistance rj — 5.0 — - 5.0 — MQ

Input Capacitance ] — 2.0 — . 20 — pF

Input Voltage Range ViD Y
Tiow < TA < Thigh +1.0 — — +1.0 — —

Large Signal Voltage Gain AvoL \\%
RL25.0kQ, Vo =+1.0V, Tp = +25°C 50 k 200 k — 25k 200 k —_
RL25.0kQ, Vo =+1.0 V, Tiow < TA < Thigh 25k — — 25k — —

Output Voltage Swing Vo \
RL25.0 kQ, Tjow < TA < Thigh +1.9 +2.1 — +2.0 +2.1 —

Output Resistance o — 1.0 — — 1.0 —_ kQ

Output Short Circuit Current Isc — 5.0 — — 5.0 — mA

Common Mode Rejection CMR dB
Rg < 10kQ, Tiow <TA < Thigh 70 86 — 70 86 —

Supply Voltage Rejection Ratio PSRR uviv
Rs < 10k, Tiow < TA < Thigh - 25 150 — 25 200

Supply Current Icc. lEE nA
Ta = +25°C — 130 160 — 130 170
Tiow <TA < Thigh — — 180 — — 180

Power Dissipation Pp W
TA = +25°C —_ 780 960 — 780 1020
Tiow<TA< Thigh — — 1080 — —_ 1080

Transient Response (Unity Gain)

Vin=20mV, R 25.0kQ, C_= 100 pF
Rise Time tTLH — 0.6 — — 0.6 — us
Overshoot 0os - 5.0 e — 5.0 — %
Slew Rate (R 2 5.0 kQ) SR — 0.35 — — 0.35 — Vius
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MC1776, MC1776C

ELECTRICAL CHARACTERISTICS—continued (Voc = +15V, VEE ==15V, Iget = 1.5 uA, Tp = +25°C, unless otherwise noted.)

MC1776 MC1776C
Characteristics Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage (Rg < 10 kQ) Vio mV
Ta = +25°C — 2.0 5.0 — 2.0 6.0
Tiow” < TA < Thigh” — — 6.0 — - 75

Offset Voltage Adjustment Range VIOR — 9.0 — — 9.0 — mv

Input Offset Current o nA
Ta = +25°C — 0.7 3.0 — 0.7 6.0
TA=Thigh — — 5.0 — — 6.0
TA =Tiow ) — — 10 — — 10

Input Bias Current B nA
Ta =+25°C — 2.0 75 — 2.0 10
TA = Thigh - — 75 — — 10
TA = Tiow — — 20 — — 20

Input Resistance T —_ 50 - —_ 50 — MQ

Input Capacitance cj —_ 2.0 — —_ 2.0 _ pF

Input Voltage Range Vip \
Tiow < TA < Thigh +10 —_ —_ +10 — —_

Large Signal Voltage Gain AvoL VIV
RL275kQ, Vo =10V, Tp = +25°C 200k | 400k — 50 k 400 k —
RL275kQ, VO =£10V, Tiow < TA < Thigh 100k — — 50 k — —

Output Voltage Swing Vo Vv
R 275kQ, T = +25°C +12 +14 — +12 14 —

RL 275k, Tiow < TA < Thigh +10 — +10 —

Output Resistance o —_ 5.0 —_ —_ 5.0 —_ kQ

Output Short Circuit Current Isc - 3.0 — _ 3.0 —_ mA

Common Mode Rejection CMR dB
Rg < 10k, Tiow S TA < Thigh 70 90 — 70 90 —

Supply Voltage Rejection Ratio PSRR nviv
Rs < 10kQ, Tiow <TA < Thigh — 25 150 — 25 200

Supply Current lcc.lEE pA
TA = +25°C o 20 25 . 20 30
Tiow < TA < Thigh — — 30 — — 35

Power Dissipation Pp mw
TA = +25°C — — 0.75 — 780 0.9
Tiow < TA < Thigh — — 0.9 - — 1.05

Transient Response (Unity Gain)

Vin =20 mV, R 25.0 kQ, C|_= 100 pF
Rise Time tTLH — 1.6 — — 1.6 — us ‘
Overshoot [oF5} - 0 _ —_ 0 - %
Slew Rate (R_25.0 kQ) SR — 0.1 —_ - 0.1 —_— Vius |
*Tiow = —55°C for MC1776 Thigh = +125°C for MC1776
0°C for MC1776C +70°C for MC1776C

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
2-139



MC1776, MC1776C

ELECTRICAL CHARACTERISTICS—continued (Vo = +15 V, VEE = =15V, Iggt = 15 pA, Tp = +25°C, unless otherwise noted.)

MC1776 MC1776C
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 10 kQ) Vio mV
Ta =+25°C — |- 20 5.0 — 2.0 6.0
Tiow™ <TA < Thigh” — — 6.0 — - 75
Offset Voltage Adjustment Range VIOR — 18 — - 18 — mV
Input Offset Current o nA
TA = +25°C — 2.0 15 — 2.0 25
TA = Thigh — — 15 — — 25
TA = Tiow — . 40 — — 40
Input Bias Current B nA
TA = +25°C — 15 50 — 15 50
TA = Thigh — — 50 — — 50
TA = Tiow — — 120 - — 100
Input Resistance r - 5.0 — — 5.0 — MQ
Input Capacitance Cj — 2.0 — — 2.0 — pF
Input Voltage Range ViD \
Tiow < TA < Thigh +10 - —_ +10 — —
Large Signal Voltage Gain AvoL A%
RL25.0kQ, Vo =10V, Tp = +25°C 100k | 400k — 50 k 400 k —
RL2 75kQ, Vo =10V, Tiow < TA < Thigh 75k — — 50k — —
Output Voltage Swing Vo Vv
RL 25.0 kQ, Tp = +25°C +10 +13 - +10 +13 —
RL 275kQ, Tiow < TA < Thigh +10 — +10 —
Output Resistance o — 1.0 —_ — 1.0 — kQ
Output Short Circuit Current Isc — 12 — —_ 12 — mA
Common Mode Rejection CMR dB
Rs < 10KkQ, Tiow < TA < Thigh 70 90 — 70 90 —
Supply Voltage Rejection Ratio PSRR pvv
Rg < 10kQ, Tiow <TA < Thigh . 25 150 — 25 200
Supply Cu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>