@ MOTOROLA DL128/D

REV 6

Analog/Interface ICs

Device Data Vol. |

VY71OHO.LOW @

Y1va 3J1A3a SII FIV4HILNI/IOTYNY




Volumes

w| Alphanumerie Index and

| Amplifiers énd Comparators n

| Power Supply Circuits n

| Power/Motor Control Circuits n
|| Voltage References B
] Data Conversion B
] Interface Circuits n
|| Communication Circuits n
] Consumer Electronic Circuits n
]| Automotive Electronic Circuits m
i Other Analog Circuits m
|| | Tape and Reel Options m
| | Packaging Inforniation m
| Quality and Reliability Assurance m
] Applications and Product Literature m



-~ What’s Different
’ Ne Additions

CHAPTER 3 CHAPTER 7 MC13283

LM2575 MC1413 MC44007
MC78BC00 MC34156 MC44030/35
MC78FC00 SN75175 MC44306
MC78LC00 MC44353
MC33154 CHAPTER 8 o
MC33264
MC33341 MC13109. MC44461
MC33347 MC13110 MC44462
MC13111 MC44463
MC33348 MC13144
MC33363A MG13159
MC33364 . CHAPTER 10
MC33368 MC33143
MC33463 CHAPTER 9 MC33193
MC33464 MC13022 MC33197A
MC33465 MC13029A MC33293
MC33466 MC13081X MCCF33093
MC34065, MC33065 MC13022A MOGF33094
MC34165, MC33165 MC13280AY, MC13281A/B MCGF33095
MC44604 MC13282A
MC44605
Deletes

LM307 MC3372A MC33344
LM248 MC3430 MC34050
MC1411 MC3486 MC34051
MC1412 -MC3487 MC44301
MC1472 MC13001X/07X MC44302
MC1748C MC13017 MC44303
MC3361C MC13024 MCT1413
MC3371A MC33292 SN75173

New Product Literature (Referenced)
AN454A AN1044 AN1544
AN829 AN1315 AN1548
AN921 AN1539 AN1575
AN932

Not Recommended For New Designs
AM26LS31 MC3450 MC3485
AM26LS32 MC3453 ULN2068
MC26510 MC3467 TDA1185A
MC3373 o MC3481

MC3448A



3 Ways To Receive
Motorola Semiconductor Technical Information

Literature Distribution Centers

Printed literature can be obtained from the Literature Distribution Centers upon request. For those items that incur a cost, the U.S.
Literature Distribution Center will accept Master Card and Visa.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution;
P.O. Box 5405, Denver, Colorado 80217. 303-675—-2140 or 1-800—441-2447

JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, 6F Seibu—Butsuryu-Center,
3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 81-3-3521-8315

Mfax™: RMFAX0@email.sps.mot.com — TOUCHTONE 602-244-6609

ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298

Mfax is a trademark of Motorola, Inc.

‘ Mfax™ — Touch-Tone Fax
Mfax offers access to over 30,000 Motorola documents for faxing to customers worldwide. With menus and voice instruction,
customers can request the documents needed, using their own touch—tone telephones from any location, 7 days a week and 24
hours aday. A number of features are offered within the Mfax system, including: product data sheets, application notes, engineering
bulletins, article reprints, selector guides, Literature Order Forms, Technical Training Information, and HOT DOCS (4—digit code
identifiers for currently referenced promotional or advertising material).

A fax of complete, easy—to—use instructions can be obtained by a first-time phone call into the system,
entering your FAX number, and then pressing 1.

How to reach us:

Mfax: RMFAX0 @email.sps.mot.com — TOUCH-TONE (602) 244-6609
or via the http://Design—-NET.com home page, select the Mfax Icon.

Motorola SPS World Marketing Internet Server

Motorola SPS’s Electronic Data Delivery organization has set up a World Wide Web Server to deliver Motorola SPS’s technical
data to the global Internet community. Technical data such as the complete Master Selection Guide along with the OEM North
American price book are available on the Internet server with full search capabilities. Other data on the server includes abstracts
of data books, application notes, selector guides, and textbooks. All have easy text search capability. Ordering literature from the
Literature Distribution Center is available on-line. Other features of Motorola SPS’s Internet server include: the availability of a
searchable press release database, technical training information with on—line registration capabilities, complete on—line access
to the Mfax system for ordering faxes, an on—line technical support form to send technical questions and receive answers through
email, information on product groups, full search capabilities of device modeils, a listing of the domestic and international sales
offices, and direct links to other Motorola world wide web servers. For more information on Motorola SPS’s Internet server you can
request BR1307/D from Mfax or LDC.

How to reach us:

After accessing the Internet, use the following URL:
http:/Design—-NET.com






@ MOTOROLA DL128/D

Analog ICs

Device Data Vol. |

This publication presents technical information for the broad line of Analog 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.

One chapter is devoted showing all of the Tape and Reel Options. All Packaging Information, including
surface mount packages, is provided in another chapter.

Additionally, chapters are provided with information on Quality and Reliability Assurance program concepts,
high—reliability processing, and abstracts of available Applications and Product Literature.

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

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no
warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does
Motorola assume any liability arising out of the application or use of any product or circuit, and specifically disclaims
any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and
do vary in different applications. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the
rights of others. Motorola products are not designed, intended, or authorized for use as components in systems
intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other
application in which the failure of the Motorola product could create a situation where personal injury or death may
occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer
shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly,
any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges
that Motorola was negligent regarding the design or manufacture of the part. Motorola and ® are registered
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

Series J

First Printing

© Motorola, Inc. 1996

Previous Edition © 1995

Printed in U.S.A. ' “All Rights Reserved”



Data CIassifiycation

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.

CQQUAM®, Designer’s, Easy Switcher, GreenLine, MDTL, MECL, MECL 10,000, '
MONOMAX, MOSAIC®, MRTL, MTTL, MOSFET, SENSEFET, Sleep-Mode, SMARTMOS,
Switchmode, and ZIP-R-TRIM® are trademarks of Motorola Inc.



Alphanumeric Index and

Cross References

In Brief . ..

Motorola Analog and Interface Integrated Circuits cover a
much broader range of products than the traditional op amps/
regulators/consumer—image associated with Analog suppli-
ers. Analog circuit technology currently influences the design
and architecture of equipment for all major markets. As with
other integrated circuit technologies, Analog 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 analog power ICs, basic voltage
regulators have been refined to include higher current and
voltage levels, low dropout regulators, and more precise
three—terminal fixed and adjustable voltages. The power area
continues to expand into switching regulators, power supply
control and supetrvisory circuits, motor controllers, and battery
charging controllers.

Analog designs also offer a wide array of line drivers,
receivers and transceivers for many of the EIA, European,
IEEE and IBM interface standards. Peripheral drivers for a
variety of devices are also offered. In addition to these key
interface functions, hard disk drive read channel circuits,
10BASE-T and Ethernet circuits are also available.

In Data Conversion, a high performance video speed flash
converter is available, as well as a variety of CMOS and
Sigma-Delta converters. Analog 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 analog devices have also been
developed. These circuits find applications in telecommunica-
tions, radio, television, automotive, RF communications, and
data transmission. These products have reduced the cost of
RF communications, and have provided capabilities in tele-
communications which make the telephone line convenient
for both voice and data communications. Analog develop-
ments 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 Analog/Interface ICs and of Motorola’s
involvement in these areas.
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- Alphanumeric Index

AM26LS30 Dual Differential/Quad Single-Ended Line 7-13 LM2935 Low Dropout Dual Regulator 3-146
Drivers LM3900 Quad Single Supply Operational Amplifier 2-113
AM26LS31# Quad Line Driver with NAND Enabled 7-24 LP2950 Micropower Voltage Regulator 3-150
Three-State Qutputs LP2951 ‘Micropower Voltage Regulator - 3-150
AM26LS32# Quad EIA-422/423 Line Recelver with 7-24 MC1350 Monolithic IF Amplifier
Three-State Outputs MoI3T ator Gyt
CA3059 Zero Voltage Switches 4-14
CA3146 General Purpose Transistor Array 9-28
LF347,B JFET Input Operational Amplifiers 2-11
LF351 JFET Input Operational Amplifiers 2-11
LF353 JFET Input Operational Amplifiers 2-11
LF411C Low Offset, Low Drift JFET Input Operational 2-13
Amplifiers
LF412C Low Offset, Low Drift JFET Input Operational 2-13
Amplifiers

ntefnaly omﬁenséte igh Performance

Dual Operational Amplifiers

MC1488 Quad Line Driver 7-33
p MC14C88B Quad Low Power Line Driver 7-44
i i sr Oper ; MC14C89B, AB | Quad Low Power Line Receiver 7-50
LM285 Micropower Violtage Reference Diodes 5-4 MC1489, A Quad Line Receivers i 7-39
LM293 Low Offset Voltage Dual Comparators 2-68 MC1490 RF/IF Audio Amplifier 2-92
LM301A Operational Amplifiers 2-30 MC1494 Linear Four-Quadrant Multiplier 11-14
LM308A Precision Operational Amplifier 2-34 MC1495 Wideband Linear Four-Quadrant Multiplier 11-28
LM311 Highly Flexible Voltage Comparator 2-39 MC1496 Balanced Modulatost/Demodulators 8-45
LM317 Three~Terminal Adjustable Output Positive 3-45 MC1723C Voltage Regulator : 3-162
Voltage Regulator . i ! i ;
LM317L Three-Terminal Adjustable Output Voltage 3-53
Regulator
LM317M Three~Terminal Adjustable Output Positive 3-61
Voltage Regulator
LM323, A Positive Voltage Regulators

e

Differentially Connected Pair aynd Three
Isolated Transistor Arrays
MC3356 | Wideband FSK Receiver 8-66
MC3357 Low Power FM IF 8-72
MC3358 Dual, Low Power Operational Amplifier 2-137
MC3359 Dual, Low Power Operational Amplifier 8-76
MC3362 Low Power Dual Conversion FM Receiver 8-82
Lm833 Dual Low Noise, Audio Amplifier 2-73 MC3363 Low Power Dual Conversion FM Recsiver 8-89
LM2575 Easy Switcher 1.0 A Step-Down Voltage 3-113 MC3371 Low Power Narrowband FM IF 8-97
Regulator MC3372 Low Power Narrowband FM IF 8-97
LM2900 Quad Single Supply Operational Amplifier 2-113 MC3373# Remote Control Wideband Amplifier with 9-72
LM2901, V Quad Single Supply Comparator 2-52 Detector
LM2902, V Quad Low Power Operational Amplifier 2-45 MC3374 Low Voltage FM Narrowband Receiver
LM2903, V Low Offset Voltage Dual Comparator 2-68 i
LM2904, V Dual Low Power Operational Amplifier 2-62
LM2931 Low Dropout Voltage Regulator 3-136

* = See Communications Device Data (DL136).
# = Not recommended for new designs.
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Alphanumeric Index (continued)

Device

Function Page Device Furietion , Page
Nurbet ' Number
MC3405 Dual Operational Amplifier and Dual 2-129 MC13111 Universal Cordless Telephone Subsystem IC 8-185
Comparator MC13122 AMAX Stereo Chipset 9-94
MC3418 Continuously Variable Slope Delta * MC13135 FM Communications Receiver 8-214
ModulatorDemodulator MC13136 FM Communications Receiver 8-214
MC3419-IL Telephone Line-Feed Circuit ' MC13141 Low Power DG-1.8 GHz LNA and Mixer 8-226
MC3423 Overvoltage Crowbar Sensing Circuit 3-168 MC13142 Low Power DC~1.8 GHz LNA, Mixerand VCO | 8-235
MC3425 Power Supply Supervisory/Over and 3-174 MC13143 Ultra Low Power DC-2.4 GHz Linear Mixer 8-245
Undervoltage Protection Circut MC13144 VHF — 2.0 GHz Low Noise Amplifier with 8-252
MC3448A# Bidirectional Instrumentation Bus (GPIB) 7-58 Programmable Bias
Transcefver MC13150 Narrowband FM Coilless Detactor IF 8-258
MO3450% Quad MTTL Compatible Line Receivers 7-64 Subsystem -
MC3453¢ MTTL Compatible Quad Line Driver 7-1 MC13155 Wideband FM iF System 8-275
MC3456 Dual Tiraing Circuit 148 MC13186 Wideband FMIF System 8-290
MG3458 Dual, Low Power Operational Amplifier 2-431 MC13158 Wideband FM IF Subsystem 8-308
MC3467# Tripje Wideband Preamplifier with Electronic 716 MG13159 Wideband F¥ F Asmplfier 8-330
Galn Control (EGC) . MC13173 Infrared Integrated Transceiver System 8-3%
MC3476 Low Cost Programmable Operational Amplifier 2444 ME13176 UHF EM/ANI Transmitier 8-353
MC3479 Stepper Motor Driver 4-19 MG13176 UHFEMIBM Transmitter 8353
MC3481# Quad Single-Ended Line Driver 7-81 MC13280AY 80/100 MHz Video Processor 9208
MC3485# Quad Single—Ended Line Driver 7-81 MC13281 A, B8 80/100 W‘!Z Video Processor 9-205
MC3488A Dual EIA-423/E1A-252D Line Driver 7-86 MC13282A | 100 MHz Video Processor with OSD Interface | 9-215
MC3518 C°"““U‘TUS'V Vaf'ab(;e |S'°P9 Delta ' MC13283 130 MHz Video Processor with OSD Interface |  9-226
MOdf’ ator/DemP ulator ) » MC26510# Quad Open-Collector Bus Transceiver 7-55
MC4558AC, C | Dual Wide Bandwidth Operational Amplifiers 2-149 MC33023 High Speed Single~Ended PWM Controller 3390
MC4741C Differential Input Operational Amplifier 2-156 MC33025 High Speed Double~Ended PWM Controler 3-408
MC7800 Three~Terminal Positive Voltage Regulators 3-182 MC33030 DC Servo Motor Controller/Driver 427
Series
Brushless DC Motor Controll 4-41
MC78L00, A Three-Terminal Low Current Positive Voltage 3-197 mgggggg B::zhl::: D Mgtg: Cg:t:gllz: 464
Series Regulators
" . - . MC33039 Closed-Loop Brushless Motor Adapter 4-87
MC7EMO0 e Aot o Posive sa0t MCR060A | Preisn Swichode Puse Wi Moduor | -425
M(‘.g’:g‘e qso Three~Ampere Posifive Voltage Regulators 3-213 m“ gﬁg M‘D“’:g Co;ve :.?;2; m?: Ciriuit 2 ﬁ
MCTBBC00 | Micropower Voltage Regulator 3-222 ervollage Sensing Grcu
MC78ECO0 Micropower Voltage Regulawf 3008 MC33065 H%‘ui?g;:?amsoual Channal Current Mode 3-451
MC78LC00 - Micropower Voltage Regulator B-g24 . y
MC7800 Series | Three-Teminal Negative Voltage Regulators | 3-225 MCS085-H, .| Hih Performance Dual harnel Curei Mode | 3-465
M?S?%OD' A Thfge“f;s’ttmnat'wwCurrﬁcﬁNegaﬁvg‘Voﬂage 3285 MC33086 High Performance Resonart Mode Gontroller 3-478
es egulators I
: 1 i i MC33067 High Performance Resonant Mode Controller | 3-486
MeSMO0 | Three-TerninalNegatie Votags egatos | 3-240 NCROTI, A | Hgh S it Wi i, S il | 272
. e Di rational Ampiifiers
Hetos19 Hig&ismew Ansog-o-Dighel Flch & MC33072,A | Hiqu%lewmﬂatiemiﬁeﬁaﬂdwwﬂ\, Single Supply | 2-272
. | ! | Operational Amplifiers
MC13020 | Motorola C-QUAM AM Sterso Decoder 9-66 ]
MC13022 Advanced Mediuny Voltage AM Sterso Decoder | 9-81 mCasor4, A Hi%)pm‘::ﬁmiﬁ&m i, Single Supply | 2-272
MC13022A Advanced Medium Voltage AM Stereo Decoder 9-86 )
71 It X 161
MC13025 Electronically Tuned Radio Front End 9-91 MCasoTo %ﬁ%ﬁlﬁ?&?&@ Low Power Low &0
MC13027 AMAX Stere9 Chipset -4 MC33077 Dual, Low Noise Operational Amplifier 2-169
MC13028A Adggsodgg '309 d\:raltage IF and G-QUAM AM o119 MC33078 Dual/Quad Low Noise Operational Amplifier 2-180
C3307! Dual/Quad Low Noise Operational Amplifi 2-180
MC13020A | Advanced Wide Voltage IF and C-QUAMAM | 9-137 303339? P s g‘(’; nﬁgs g':f . perafional Ampiier ot
Stereo Decoder with FM Amplifier and 9
AM/FM Internal Switch MC33002 Alternator Voltage Regulator 10-45
MC13030 Dual Conversion AM Receiver 9-156 MC33095 Integral Altemator Regulator 10-134
MC13055 Wideband FSK Recsiver 8-121 MC33102 S'eg";?ﬁﬁg‘mﬁ??;? Micropower 2-189
MC13060 Mini-Watt Audio Output 9-171 perall pifl .
MC13077 Advanced PALINTSC Encoder 9-175 MC33110 Low Voltage Compander ; :
MC13081X | Mulimode Color Monitor Horizontal, Vertical 9-187 L Low Valtage Compandar wih Wute an
and Video Combination Processor ee' oug o .
MC13109 Universal Cordless Telephone Subsystem IC 8-128 mgzgs beS\t/:rllt:er Lt;or:3 Intg;farclfoourcl:utt —— '
MC13110 Universal Cordless Telephone Subsystem IC 8-154 ow Vollage subscriber Loop Inte ireu
with Scrambler MC33128 Power Management Controller 3-244
* = See Communications Device Data (DL136).
# = Not recommended for new designs.
MOTOROLA ANALOG IC DEVICE DATA 1-3




Alphanumeric Index (continued)

MC33129
MC33143
MC33151
MC33152
MC33153
MC33154
MC33160

 MC33161

MGast7e
MC33181
MC33182

MC33184

MC33192
MC33193
MC33197A
MC33199
MC33201
MC33202
MC33204

MC33274A

MC33282
MC33284
MC33293A
MC33298
MC33304

MC33340

High Performance Current Mode Controller

Dual High~Side Switch

High Speed Dual MOSFET Driver

High Speed Dual MOSFET Driver

Single IGBT Gate Driver

Single IGBT Gate Driver

Microprocessor Voltage Regulator and

Supervisory Circuit

Universal Voltage Monitors

SRt cqulalo

High Output Current, Low Power, Low Noise
Bipolar Op Amp

Low Power, High Siew Rate, Wide Bandwidth,
JFET Input Op Amp

Low Power, High Slew Rate, Wide Bandwidth,
JFET Input Op Amp

Low Powet, High Slew Rate, Wide Bandwidth,
JFET Input Op Amp

Mi-Bus Interface Stepper Motor Controller

Automotive Direction Indicator

Automotive Wash Wiper Timer

Automotive ISO 9141 Serial Link Driver

Rail-to~Rail Operational Amplifier

Rail-to-Rail Operational Amplifier

Rail-to-Rail Operational Amplifier

Single Supply, High Slew Rate Low Input Offset
Voltage, Bipolar Op Amp

Low Input Offset, High Slew Rate, Wide
Bandwidth, JFET Input Op Amp

Low Input Offset, High Slew Rate, Wide
Bandwidth, JFET Input Op Amp

Quad Low Side Switch
Octal Output Driver

Low Voltage Rail-to-Rail, Sleepmode
Operational Amplifier

Battery Fast Charge Controller

. 2-208

3-499
10-45
3-514
3-522
3251
3-262
3-530

8537

2-209

2-200

2-209

10-60
10-71
10-78
10-83
2-218
2-218
2-218

2-237
2-248
2-248
10-94
10-109
2-254

3-290

* = See Communications Device Data (DL136).
# = Not recommended for new designs.

MC33341
MC33345
MC33346

MC33347

MC33348

MC34004, B
MC34010
MC34011A
MC34012
MC34014

MC34016
MC34017
MC34018
MC340;

MC34071, A

MC34072, A
MC34074, A
MC34080
MC34081

MC34082

Power Supply/Bahery Chafger Regulation
Control Circuit

Lithium Battery Protection Circuit for One to
Four Cell Battery Packs

Lithium Battery Protection Circuit for Three or
Four Cell Battery Packs

Lithium Battery Protection Circuit for One or
Two Cell Battery Packs

Lithium Battery Protection Circuit for One Cell
Battery Packs

Voliage Switching Reguato

ational Amp
JFET Input Operational Amplifier
Electronic Telephone Circuit
Electronic Telephone Circuit
Telephone Tone Ringer
Telephone Speech Network with Dialer

Interface }

Cordless Universal Telephone Interface
Telephone Tone Ringer
Voice Switched Speakerphone Circuit
High Speed Single~Ended PWM C:

High Slew Rate, Wide Bandwidth,
Single-Supply Operational Amplifier

High Slew Rate, Wide Bandwidth,
Single-Supply Operational Amplifier

High Slew Rate, Wide Bandwidth,
Single-Supply Operational Amplifier

High Slew Rate, Wide Bandwidth, JFET Input
Operational Amplifier

High Slew Rate, Wide Bandwith, JFET Input
Operational Amplifier

High Slew Rate, Wide Bandwidth, JFET Input
Operational Amplifier

3-301

3-316

3-328

3-329

3-339

2-212

2-272

2-272

2-288

2-288

2-288

1-4
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Alphanumerlc Index (continued)

“pevies | ... . . Funetion Page - Device Function T page
‘*Numbsf I R Number »
MC34083 High Slew Rate, Wide Bandwidth, JFET Input 2-288 MC44603 Mixed Frequency Mode GreenLine PWM 3-667
Operational Amplifier Controller
MC34084 High Slew Rate, Wide Bandwidth, JFET Input 2-288 MC44604 High Safety Standby Ladder Mode GreenLine 3-689
Operational Amplifier PWM Controller
MC34085 High Slew Rate, Wide Bandwidth, JFET Input 2-288 MC44605 High Safety Latched Mode GreenLine PWM 3-690
Operational Amplifier Controller for (Multi) Synchronized
MC34114 Telephone Speech Network with Dialer . Applications
Interface MC44817,B PLL Tuning Circuit with 3-Wire Bus 9-367
MC34115 Continuously Variable Slope Delta * MC44818 PLL Tuning Circuit with 12C Bus 9-374
Modulator/Demodulator MC44824, 25 PLL Tuning Circuit with 12C Bus 9-381
MC34117 Telephone Tong Ringer [ MC44826 PLL Tuning Circuit with 12C Bus 9-388
MC34118 Noice Switched Speakerphone Cirgit * MC44827 PLL Tuning Circuit with 3-Wire Bus 9-395
MCB419 ~  |Low PowerAudio Amplifler. ° #9287 MC44828 PLL Tuning Circut with 12C Bus 9-396
Mesai2g High Performance CoreritMode. cm,w}lzr 3-890 MC44829 PLL Tuning Circuit with 12C Bus 9-397
MC34151 , i High Spesd Dual MOSFET Diver *»~ Mﬁ N MG44864 < BLLTuning Cirouit with 1,3 GHz Proscaler anu . 8-405
MC34152 | HighSpeed DualMOSFET Dyier [ 4522 oo DinGonverters for Aulo Tuner
MC34156 28-Channel Inkjet Driver 74116 " ) Alignment A
MC34160 | Mictoprocessor Voltage Regulator and 3530 GBI - | Enhanoed Eifginet Trinsosiyer 7120
. Supsrvisory Circuit o MC7561728 | :Quad EIA-485 Line Driverwith Three-State 7-148
MC34161 | Universal Volage Monitor 3657 | Output
MC34164 Micropower Undervoltage Sensing Circuit 3-564 pu ) 4
MC34165 Power Switching Regulator 3-570 MC79076 Electronic Ignition Control Chip 10131
MC34166 Power Switching Regulator 3-584 MCCa334 High Energy Ignition C!rcm 10-15
MC34167 Power Switching Regulator 3-508 MCCF3834 | High Energy (gniion Circut \ 10-15
MC34181 Low Power, High Slew Rate, Wide Bandwidth, | 2-299 MCGF33093 | tgnition Gontrol Flip-Chip 10132
JFET Input Op Amp MCGR33084 . lgrition W‘ ﬂmﬁ’ 10-133
MC34162 Low Power, High Slew Rate, Wide Bandwidth, | 2-299 MCCF33095 | Integral Atterator Reguiator 10-134
JFET Input Op Amp MCCF79076 | electroric Ignition Control Chip 10131
MC34184 Low Power, High Slew Rate, Wide Bandwidth, 2-299 MCT1458,C | Intemally Compensated, High Performance 2-88
JFET Input Op Amp ., D%IOpQraMnM Amplifier
MC34216A Programmable Telephone Line Interface Circuit * MCT4568C Dual'Wide Bandwidth Operational Ampiffier 2188
with Loudspeaker Amplifier SAA1042 Steppet Motor Driver 492
MC34250 5.0V, 200 M-Bit/Sec PR-IV Hard Disk Drive 7-118 SG3525A Pulse Width Modulator Control Circuit 3-691
Read Channel SG3526 Pulse Width Modulator Control Circuit 3-697
MC34261 Power Factor Controller 3-612 SG3527A Pulse Width Modulator Control Circuit 3-691
 MC34262 Power Factor Controller -~ : 3623 » SN75175 Quad EIA-485 Line Receiver 7-157
MCasz8s - 50812 Active Termindtor R egulator - - 8638 TCA0372 Dual Power Operational Amplifier 2-308
MCa4270 L&alﬁﬁ Gryml Display and Bawgwmsgmd ] 34 TCA3385 Telephone Ring Signal Converter *
X ] : > L TCA3388 Telephone Speech Network *
Mes4ar1. g;.lnﬁ]d@t%ﬁi Display WBWWQQMM | 8B4 TCA5600 Universal Microprocessor Power 3-705
. : K Supply/Controller
MGW o ] ] ee2e TCF5600 Universal Microprocessor Power 3-705
mods00r {Chromaia Maltistandard Vided Pﬁmsgor ) G286 Supply/Controller
Moa40it " f BusControlled Mulﬁstandard Videc Brocessor | 9275 TCF6000 Peripheral Clamping Array
MC44030 Hullistandard Video Signa; 8324 . | TDA1085C WWWSNEGW«
e : mﬁegramﬁemy boe - - NI TOATI85A# |/Triac Phase Angle Controller
Mo m&mﬂaam Vio S ) se | Imioe | LowPower JFET input OpersionalArpiier | 2812 -
R ratetiDelay Line AR TLOB4 1 Low PowerJFET nput Operational Amplifier EE
Modgisd mmmrpmmwm coo] BB TLO7IC,AC | LowNoise-JFET Input Operational Ampliier
MC44145 Pixel Clock Generator/Sync Separator 9-331 TLO720,AC . | Liow Noise JFETInput Operational. Atplifier -
MC44353 PLL Tuned UHF Audio/Video Modulator ICs for 9-338 TLO74C, AC Jhow Nojse JFET Input Qmﬁmﬂ,m
PAL, SECAM and NTSC TV Systems - p »
- TLOBIC, AC JFET Input Operational Amplifier .
MC44354 PLL Tuned UHF Audio/Video Modulator ICs for 9-338 TLOB2C, AC .l JFET Input Operational Ampliier A )
PAL, SECAM and NTSC TV Systems ) ; e 1 valie
NTS TLOBC,AC | JFET Input Operational Ampifier - | oo
MC44355 PLL Tuned UHF Audio/Video Modulator ICs for 9-338 TL431, A, B Prograﬁmable Precision References | 5-18
PAL, SECAM and NTSC TV Systems Series
MCa4461 Picture-in-Picture (PIP) Controller 9-341 TL4%4 Switchmode Pulse Width Modulation Control 3716
MC44462 Y-C Picture~in-Picture (PIP) Controller 9-354 Circuit
MC44463 Picture-in-Picture (PIP) Controller 9-360 TL5%4 Precision Switchmode Pulse Width Modulation | 3-726
MC44602 High Performance Current Mode Controller 3-651 Control Circuit

* = See Communications Device Data (DL136).
# = Not recommended for new designs.
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Alphanumeric Index (continued)

TL780 Series | Three~Terminal Positive Fixed Voltage 3-736 UC3843A High Performance Current Mode Controller 3-742
Regulator UC3843B High Performance Current Mode Controller 3-755

UAA1016B Zero Voltage Controller 4-116 UC3844 High Performance Current Mode Controller 3-769
UAA1041b Automotive Direction Indicator 10-148 UC3844B High Performance Current Mode Controller 3-782
UAA2016 Zero Voltage Switch Power Controller 4-122 UC3845 High Performance Current Mode Controller 3-769
UC2842A High Performance Current Mode Controller 3-742 UC3s4s5B High Performance Current Mode Controller 3-782
UC2842B High Performance Current Mode Controller 3-755 UC3844B High Performance Current Mode Controller 3-782
02843 jh Périon | it Bz UC3845 High Performance Current Mode Controller 3-769
UC38458 High Performance Current Mode Controfler 3-782

ULN2068# Quad 1.5 A Sinking High Current Switch 7-162

* = See Communications Device Data (DL136).
# = Not recommended for new designs.
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Cross References

The following table represents a cross reference guide for all
Analog devices that 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.

Industry Motorola Nearest Motorola Similar Industry Motorola Nearest Motorola Similar
Part Number Replacement Replacement Part Number Replacement Replacement
75175 SN75175 CS2845D UC2845BD1
9636AT MC3488AP CS3842AD UC3842BD1
9640PC MC26S10P# CS3843AD UC3843BD1
9667PC MC1413P CS3844D UC3844BD1
9668PC MC1416P CS3845D UC3845BD1
AD589J LM385Z7-1.2 DM8822N MC1489AP
AD589K LM3857-1.2 DS1233M MC34064P-5
AD589L LM385Z-1.2 DS1488N MC1488P
AD589M LM385BZ-1.2 DS1489AN MC1489AP
AM201AD LM201AN DS1489N MC1489P
AM201D LM201AN DS26LS32N AM26LS32P#
AM26LS30P AM26LS30PC DS26S10CN MC26S10P#
AM26LS31CJ AM26LS31PC# DS3650N MC3450P#
AM26LS31CN AM26LS31PC# DS8834N MC8T26AP
AM26LS32ACJ AM26LS32D# DS8835N MC8T26AP
AM26LS32ACN AM26LS32PC# DS9636ACN MC3488AP1
AM26LS32PC AM26LS32PC# ICL741CLNPA MC1741CP1
AM723PC MC1723CP ICL741CLNTY MC1741CP1
AN5150 MC34129P ICL8008CPA LM301AN
CAO081AE TLO81ACP ICL8008CTY LM301AN
CAO81E TLO81CP ICL8017CTW LM301AN
CA082AE TLO82ACP ICL8017MTW LM301AN
CAO082E TLO82CP ICL8069CCZR LM385BZ-1.2
CAO084AE TLO84ACN ICL8069DCZR LM385BZ-1.2
CAO084E TLO84CN IP33063N MC33063AP1
CA1391E MC1391P IP34060AN MC34060AP
CA1458S MC1458CP1 IP34063N MC34063AP1
CA239AE LM239AN IP3525AN SG3525AN
CA239E LM239N 1P3526N SG3526N
CA3026 CA3054 IP3527AN SG3527AN
CA3045F MC3346P LM240LAZ-18 MC78L18ACP
CA3046 MC3346P LM240LAZ-24 MC78L24ACP
CA3054 CA3054 LM240LAZ-5.0 MC78LO5ACP
CA3058 CA3059 LM240LAZ-6.0 MC78LO5ACP
CA3059 CA3059 LM240LAZ-8.0 MC78LO8ACP
CA3079 CA3079 LM249N MC4741CP
CA3086F MC3346P LM2575 LM2575
CA3136A MC3346P LM258D LM258D
CA3146 MC3346P LM258M LM258D
CA339AE LM339AN LM258N LM258N
CA339E LM339N LM285Z-1.2 LM285Z~1.2
CA723CE MC1723CP LM285Z2-2.5 LM285Z-2.5
CA741CS MC1741CP1 LM2901D LM2901D
CS2842AD UC2842BD1 LM2901M LM2901D
CS2843AD UC2843BD1 LM2901N LM2901N
CS2844D UC2844BD1 LM2902D LM2902D
# = Not recommended for new designs.
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Cross References (continued)

P;:“!‘.‘S"X M?‘torlola Nearest Mgtor.ola Similar alrr;ql:lstr! M?;torgla Nearest Mgtorpla Similar
IP494ACJ. TL594IN LM2903N LM2903N
IP494ACN TL594CN LM2903P. LM2903N
IR3MO3A MC34063AP1 LM2904M LM2904D
IR3MO3AN MC34063AD LM2904N LM2904N
ITT3710 MC1391P LM2905N MC1455P1
ITT656 MC1413P LM2931AD-5.0 LM2931AD-5.0
L144AP LM324N LM2931AT-5.0 LM2931AT-5.0
L203 MC1413P . LM2931AZ-5.0 LM2931AZ-5.0
L387 MC33267T LM2931CD LM2931CD
LF347BN LF347BN LM2931CM 'LM2931CD
LF347N LF347N LM2931CT LM2931CT
LF351BN - MC34001BP LM2931D-5.0 LM2931D-5.0
LF351N LF351N LM2931D LM2931D-5.0
LF353AN MC34002AP LM2931T-5.0 LM2931T-5.0
LF353BN MC34002BP LM2931Z-5.0 LM2931Z-5.0
LF353D LF353D LM2935T LM2935T
LF353N LF353N LM293D LM293D
LF411CD LF411CD LM301AD LM301AD
LF412CD LF412CD LM301AM LM301AD
LF441CD LF441CD LM301AN LM301AN
LF441CN LF441CN -LM301AP ' LM301AN
LF442CD LF442CD LM3045 MC3346P
LF442CN LF442CN .LM3046N MC3346P
LF444CD LF444CD LM3054 CA3054
LF444CN LF444CN LM308AD LM308AD
LM11CLN LM11CLN LM308AN LM308AN
LM11CN LM11CN LM308P MC3356P
LM139N MC1391P LM311D LM311D
LM1489AN MC1489AP LM311M LM311D
LM1489N MC1489P LM311N LM311N
LM1496N MC1496P LM311P LM311IN
LM1496M MC1496D LM3146A MC3346P
LM1889 MC1374P LM3146 MC3346P
LM1981 MC13020P LM317KC LM317T
LM201AD LM201AD LM317KD LM317T
LM201AN LM201AN LM317LD LM317LD
LM201AP LM201AN LM317LZ LM317LZ
LM211D LM211D LM317MP LM317MT
LM211M LM211D LM317P LM317T
LM224D LM224D LM317T LM317T
LM224M LM224D LM3189 MC3356P
LM224N LM224N LM320LZ-12 MC79L12ACP
LM239AN LM239AN LM320LZ-15 MC79L15ACP
LM239D LM239D LM320LZ-5.0 MC79L05ACP
LM239M LM239D LM320MP-12 MC7912CT
LM239N LM239N LM320MP-15 MC7915CT
LM240LAZ-12 MC78L12ACP LM320MP-18 MC7918CT
LM240LAZ-15 MC78L15ACP LM320MP-24 MC7924CT
LM2902M LM2902D LM340LAZ-5.0 MC78LO5ACP
LM2902N LM2902N LM340LAZ-8.0 MC78LO8ACP
LM2903D LM2903D LM340T-12 LM340T-12
LM2903M LM2903D LM340T-15 LM340T-15

# = Not recommended for new designs.
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Cross References (continued)

Industry Motorola Nearest Motorola Similar Indust Motorola Nearest Motorola Similar
Part Numb Repl Replacement Part Number Replacement Replacement
LM320MP-5.0 MC7905CT LM348D LM348D
LM320MP-5.2 MC7905.2CT LM348M LM348D
LM320MP-6.0 MC7906CT LM349N MC4741CP
LM320MP-8.0 MC7908CT LM350T LM350T
LM320T-12 MC7912CT LM358AN LM358N
LM320T-15 MC7915CT LM358D LM358D
LM3207-5.0 MC7905CT LM358N LM358N
LM320T-5.2 MC7905.2CT LM363AN MC3450P#
LM322N MC1455P1 LM363N MC3450P#
LM323AT LM323AT LM385BZ-1.2 LM385BZ-1.2
LM323T LM323T LM385BZ-2.5 LM385BZ-2.5
LM324AD LM324AD LM385D-1.2 LM385D-1.2
LM324AN LM324AN LM385D-2.5 LM385D-2.5
LM324D LM324D LM385M-1.2 LM385D-1.2
LM324M LM324D LM385M-2.5 LM385D-2.5
LM324N LM324N LM385Z-1.2 LM3852-1.2
LM337MP LM337MT LM385Z2-2.5 LM3852-2.5
LM337MT LM337MT LM386N MC34119P
LM337T LM337T LM3905N MC1455P1
LM339AD LM339AD LM393AN LM393AN
LM339AM LM339AD LM393D LM393D
LM339AN LM339AN LM393.4G LM393N
LM339D LM339D LM393M LM393D
LM339N LM339N LM393N LM393N
1.M339P LM339N LM431ACZ TL431ACLP
LM340AT-12 LM340AT-12 LM431ACM TL431ACD
LM340AT-15 LM340AT-15 LM4250CN MC1776CP1
LM340AT-5.0 LM340AT-5.0 LM555CN MC1455P1
LM340KC—~12 LM340T-12 LM556CN MC3456P
LM340KC-15 LM340T-15 LM703LN MC1350P
LM340LAZ—-12 MC78L12ACP LM723CN MC1723CP
LM340LAZ-18 MC78L18ACP LM741EN MC1741CP1
LM340LAZ-24 MC78L24ACP LM7805CT MC7805CT
LM340T-18 LM340T-18 LM7812CT MC7812CT
LM340T-24 LM340T-24 LM7815CT MC7815CT
LM340T-5.0 LM340T-5.0 LM78LO5ACZ MC78LO5ACP
LM3407-6.0 LM340T-6.0 LM78L05CZ MC78LO5CP
LM340T-8.0 LM340T-8.0 LM78L0O8ACZ MC78LOSACP
LM341P-12 MC78M12CT .LM78L08CZ MC78L08CP
LM341P-15 MC78M15CT LM78L12ACZ MC78L12ACP
LM341P-18 MC78M18CT LM78L12CZ MC78L12CP
LM341P-24 MC78M24CT LM78L15ACZ MC78L15ACP
LM341P-5.0 MC78M05CT LM78L15CZ MC78L15CP
LM341P-6.0 MC78M06CT LM78L18ACZ MC78L18ACP
LM341P-8.0 MC78MO08CT LM78L18CZ MC78L18CP
LM342P-12 MC78M12CT LM78L24ACZ MC78L24ACP
LM342P-15 MC78M15CT LM78L24CZ MC78L24CP
LM342P-18 MC78M18CT LM78MO0O5CP MC78M05CT
LM342P-24 MC78M24CT LM78MO06CP MC78MO6CT .
LM342P-5.0 MC78M05CT LM78M12CP MC78M12CT
LM342P-6.0 MC78M06CT LM78M15CP MC78M15CT
LM342P-8.0 MC78M08CT LM7905CT MC7905CT
# = Not recommended for new designs.
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Cross References (continued)

Industry Motorola Nearest Motorola Similar - Industry - Motorola Nearest Motorola Similar
Part Numb Repl! Repl Part Numb Repla ) _ Replacer
LM7912CT MC7912CT NE550A 7 | MC1723CP
LM7915CT MC7915CT NE555D - ‘| MC1455D . a
LM79LO5ACZ MC79L05ACP NES55V MC1455P1
LM79L12ACZ MC79L12ACP 'ANESSSD ¢ -1 NE556D )
LM79L15ACZ MC78L15ACP NE5561N MC34060AP
LM79MO5CP MC79M05CT NE5234D MC33204D .
LM79M12CP MC79M12CT NE5234P ‘MC33204P :
LM79M15CP MC79M15CT OP-01P MC1436P1
LM833D LM833D RC1458DN MC1458P1
LM833N LM833N RC4136DP ’ MC3403P
LM833P LM833N RC4136N MC3403P
LM837N MC33079P RC4558DN MC4558CP1
LMC6482D MC33202D RC4558P MC4558CP1
LMC6482P MC33202P .RC723DB MC1723CP ©
LMC6484D MC33204D RC741DN MC1741CP1
LMC6484P MC33204P RE5VL47A MC34164P-5
LP2950CZ-3.0 LP2950CZ-3.0 RH5RE30AA-T1 MC78LC30HT1
LP2950CZ-3.3 LP2950CZ-3.3 RH5RE33AA-T1 MC78LC33HT1
LP2950CZ-5.0 LP2950CZ-5.0 RH5RE40AA-T1 MC78LC40HT1
LP2950ACZ-3.0 LP2950ACZ-3.0 RH5RE50AA-T1 MC78LC50HT1
LP2950ACZ-3.3 LP2950ACZ-3.3 RNSRG30AA-TR MC78BC30NTR
'LP2950ACZ-5.0 LP2950ACZ-5.0 RN5RG33AA-TR MC78BC33NTR
LP2951CM LP2951CD RNSRG40AA-TR MC78BC40ONTR
LP2951ACM LP2951ACD RN5RG50AA-TR MC78BC50NTR S
LP2951CM-3.0 LP2951CD-3.0 RH5RH301A-T1 MC33466H-30JT1
LP2951CM-3.3 'LP2951CD-3.3 RH5RH302B-T1 MC33466H-30LT1- :
LP2951ACM-3.0 LP2951ACD-3.0 RH5RH331A-T1 ‘MC33466H-33JT1
LP2951 ACM—é.S | LP2951ACD-3.3 RH5RH332B-T1 MC33466H-33LT1
LP2951CN LP2951CN RH5RH501A-T1 MC33466H-50JT1
LP2951ACN LP2951ACN RH5RH502B-T1 MC33466H-50LT1-
LP2951CN-3.0 LP2951CN-3.0 RH5RI301B-T1 MC33463H-30KT1
LP2951CN-3.3 'LP2951CN-3.3 RH5RI302B-T1 MC33463H-30LT1
LP2951ACN-3.0 LP2951ACN-3.0 RH5RI331B-T1 MC33463H-33KT1
LP2951ACN-3.3 LP2951ACN-3.3 RH5RI332B-T1 MC33463H-33LT1
LT1083 MC34268DT RH5RI501B-T1 MC33463H-50KT1
LT1431CZ TL431BCLP RHS5RI502B-T1 MC33463H-50LT1
'LTC699CN8 MC34064D-5 RH5RL30AA-T1 MC78FC30HT1
LTC699IN8 MC33064D-5 RH5RL33AA-T1 MC78FC33HT1
MAX809LCPA MC34064P-5 RH5RL40AA-T1 MC78FC40HT1
MB3759 TL494CN RH5RL50AA-T1 MC78FC50HT1
N5558V MC1458P1 RH5VTO09AA-T1 MC33464H-09AT1
N5723A MC1723CP RH5VT20AA-T1 MC33464H-20AT1
N5741A MC1741CP1 RH5VT27AA-T1 MC33464H-27AT1
N5741V MC1741CP1 RH5VT30AA-T1 MC33464H-30AT1
N8T26AB MC8T26AP RH5VT45AA-T1 MC33464H—45AT1
N8T26AN MC8T26AP RH5VTO9CA-T1 MC33464H-09CT1
N8T26B MC8T26AP RH5VT20CA-T1 'MC33464H-20CT1
N8T26N MCB8T26AP RH5VT27CA-T1 ‘MC33464H-27CT1
N8T97B MC8T97P RH5VT30CA-T1 MC33464H-30CT1
N8T97N MC8T97P RH5VT45CA-T1 MC33464H-45CT1
'N8T98B MC8T98P RN5RL30AA-TR MC78FC30NTR
N8T98N 'MC8T98P RN5RL33AA-TR

# = Not recommended for new designs.

MC78FC33NTR
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Cross References (continued)

Inq?strx R Mg}ort_)la Nearest Motorola Similar |I'Idll:lsll'¥ Mgtorgla Nearest Motorola Similar
art | Rep Replacement Part Rep Replacement
RN5RL40AA-TR MC78FC40NTR SG723CN MC1723CP
RN5RL50AA-TR MC78FC50NTR SG741CM MC1741CP1
RN5VDO9AA-TR = | MC33465N-09ATR SG777CN LM308AN
RN5VD20AA-TR MC33465N-20ATR SG7805ACP MC7805ACT
RN5VD27AA-TR MC33465N-27ATR SG7805ACR MC7805ACT
RN5VD30AA-TR MC33465N~30ATR SG7805ACT MC7805ACT
RN5VD45AA-TR MC33465N-45ATR SG7805CP MC7805CT
RN5VD0O9CA-TR MC33465N-09CTR SG7806ACP MC7806ACT
RN5VD20CA-TR MC33465N-20CTR 'SG7806ACR MC7806ACT
RN5VD27CA-TR MC33465N-27CTR SG7806ACT MC7806ACT
RN5VD30CA-TR MC33465N~30CTR SG7806CP MC7806CT
RN5VD45CA-TR MC33465N-45CTR SG7806CR MC7806CT
RN5VT09AA-TR MC33464N-09ATR SG7808ACP MC7808ACT
RN5VT20AA-TR MC33464N—-20ATR SG7808ACT MC7808ACT
RN5VT27AA-T4 MC33464N-27ATR SG7808CP MC7808CT
RN5VT30AA-TR MC33464N-30ATR SG7808CR MC7808CT
RN5VT45AA-TR MC33464N-~45ATR SG7812ACP MC7812ACT
RN5VTO9CA-TR MC33464N-09CTR SG7812ACR MC7812ACT
RN5VT20CA-TR MC33464N-20CTR SG7812ACT MC7812ACT
RN5VT27CA-TR MC33464N-27CTR SG7812CP MC7812CT
RN5VT30CA-TR MC33464N-30CTR SG7812CR MC7812CT
RN5VT45CA-TR MC33464N-45CTR SG7815ACP MC7815ACT
S—-80743AN MC34164P-3 SG7815ACR MC7815ACT
SA555N MC1455BP1 SG7815ACT MC7815ACT
SAA1042 SAA1042V SG7815CP MC7815CT
SG1458M MC1458P1 SG7815CR MC7815CT
SG1496N MC1496P SG7815CT MC7815CT
SG1596J MC1496BP SG7818ACP MC7818ACT
SG201AM LM201AN SG7818ACR MC7818ACT
SG201AN LM201AN SG7818ACT MC7818ACT
SG201M LM201AN SG7818CP MC7818CT
SG201N LM201AN SG7818CR MC7818CT
SG224N LM224N SG7824ACP MC7824ACT
SG300N MC1723CP SG7824ACR MC7824ACT
SG301AM LM301AN SG7824ACT MC7824ACT
SG301AN LM301AN SG7824CP MC7824CT
SG308AM LM308AN SG7824CR MC7824CT
SG3118AM LM308AN SG7905.2CP MC7905.2CT
SG311M LM311N SG7905.2CR MC7905.2CT
SG317P LM317T SG7905.2CT MC7905.2CT
SG317R LM317T SG7905ACP MC7905ACT
SG324N LM324N SG7905ACR MC7905ACT
SG337P LM337T SG7905ACT MC7905ACT
SG337R LM337T SG7905CP MC7905CT
SG3423M MC3423P1 SG7905CR MC7905CT
SG3525AN SG3525AN SG7905CT MC7905CT
SG3526N SG3526N SG7908CP MC7908CT
SG3527AN SG3527AN SG7908CR MC7908CT
SG3561 MC34261P SG7908CT MC7908CT
SG4250CM MC1776CP1 SG7912ACP MC7912ACT E
SG555CM MC1455P1 SG7912ACR MC7912ACT
SG556CN MC3456P SG7912ACT MC7912ACT
# = Not recommended for new designs.
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Cross References (continued)

Industry Motorola Nearest Motorola Similar © Industry - Motorola Nearest Motorola Similar
Part Rep . Replaoement Part imt Reg eplgoemem

SG7912CP MC7912CT - TA78LO0BAP MC78L0O8ACP
SG7912CR MC7912CT TA78L0O08P MC78LO8CP -
SG7912CT :MC7912CT TA78L012AP MC78L12ACP -
SG79015ACP MC7915ACT ) TA78L012P MC78L12CP ~
SG7915ACR MC7915ACT TA78LO15AP MC78L15ACP
SG7915ACT" MC7915ACT TA78L015P MC78L15CP
SG7915CP MC7915CT TA78LO18AP MC78L18ACP
SG7915CR MC7915CT TA78L018P MC78L18CP
SG7915CT MC7915CT ' TA78LO24AP MC78L24ACP
§G7918CP MC7918CT TA78L024P MC78L24CP
SN75LBC086 MC34055DW TA78MO5P MC78M05CT
SN75121N MC3481/5P# TA78MO6P MC78M06CT
SN75126N MC3481/5P# TA78MO08P MC78MO08CT
.SN75150N MC1488P TA78M12P MC78M12CT
SN75154N MC1489P TA78M18P MC78M18CT
SN75174N MC751748BP TA78M20P MC78M20CT
SN75175N SN75175N TA78M24P MC78M24CT
SN75188N MC1488P TA79005P -MC7905CT
SN75189AN MC1489AP TA79006P MC7906CT
SN75189N MC1489P TA79008P | MC7908CT
SN75468N MC1413P TA79012P MC7912CT
SN76591P MC1391P- TA79015P MC7915CT
SN76600P MC1350P TA79018P MC7918CT
SSS201AP LM201AN TA79024P MC7924CT )
SSS301AP LM301AN TA79L005P - - MC79L05CP
TA7504P .MC1741CP1 TA79L012P MC79L12P
TA7506P LM301AN TA79L015P MC79L15P
TA75071P MC34001P TA79L018P MC79L18P
TA75072P MC34002P TA79L024P MC79L24P
TA75074F MC34004P TB920 MC1391P
TA75339F LM339D TBA920S MC1391P
TA75339P LM339N TCF5600 TCF5600
TA75358CF LM358D TD62003P/AP MC1413P
TA75358CP LM358N TD62479P MC1374P
TA75393F LM393D TDA1085C TDA1085C
TA75393P LM393N TDA1085 ) TDA1085C
TA75458F MC1458D TDA1185A TDA1185A# )
TA75458P MC1458CP1 TDA4817 MC34261P
'TA75558P MC4558CP1 ‘TDC1018 MC10324P
TA7555F MC1455D TDC1048 MC10319P
TA7555P MC1455P1 TK115 MC33264
TA75902F LM324D ) TLO22CP LM358N
TA76494P TL494IN TLO44CJ LM324N
TA78005AP MC7805CT TLO62ACP TLO62ACP
TA78006AP MC7806CT “TLO62CD TLO62CD
TA78008AP MC7808CT TLO62CP TLO62CP
TA78012AP MC7812CT TLO62VP TLO62VP
TA78015AP MC7815CT TLO64ACD TLO64ACD
TA78018AP MC7818CT TLOB4ACN TLO64ACN
TA78024AP MC7824CT TLO64CD TLO64CD
TA78LO05AP MC78LOSACP TLOB4CN TLOB4CN
TA78LO05P MC78LO5CP TLO64VN TLO64VN

# = Not recommended for new designs.
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Cross References (continued)

Industry Motorola Nearest Motorola Similar Industrx Mg‘torgla Nearest Motorola Similar
Part Repl Replacement PartN Rep Replacement
TLO71ACD TLO71ACD nA4136PC MC4741CP
TLO71ACP TLO71ACP HA431AWC TL431CP
TLO71CD TLO71CD nA4558TC MC4558CP1
TLO71CP TLO71CP HA494PC TL494CN
TLO72ACD TLO72ACD pA555TC MC1455P1
TLO72ACP TLO72ACP nA556PC MC3456P
TLO72CD TLO72CD LA723CN MC1723CP
TLO72CP TLO72CP LA723PC MC1723CP
TLO74ACN TLO74ACN uA741CP MC1741CP1
TLO74CN TLO74CN HA742DC CA3059
TLO81ACD TLO81ACD 1A757DC MC1350P
TLO81ACP TLO81ACP LA757DM MC1350P
TLO81CD TLO81CD WA775PC LM339N
TLO81CP TLO81CP UA776TC MC1776CP1
TLO82ACP TLO82ACP WA7805CKC MC7805CT
TLO82CD TLO82CD HA7805UC MC7805CT
TLO82CP TLO82CP LA7805UV MC7805BT
TLO84ACN TLO84ACN nA7806CKC MC7806CT
TLO84CN TLO84CN uA7806UC MC7806CT
TL431CD TL431CD LA7806UV MC7806BT
TL431CLP TL431CLP HLA7808CKC MC7808CT
TL431CP TL431CP nA7808UC MC7808CT
TL431ILP TL431ILP HA7808UV MC7808BT
TL431IP TL431IP nA7812CKC MC7812CT
TL494CN TL494CN nA7812UC MC7812CT
TL494IN TL494IN HA7812UV MC7812BT
TL497CN MC34063AP1 nA7815CKC MC7815CT
TL594CN TL594CN HA7815UC MC7815CT
TL594IN TL594IN LA7815UV MC7815BT
TL780-05CKC TL780-05CKC uA7818CKC MC7818CT
TL780-12CKC TL780-12CKC nA7818UC MC7818CT
TL780-15CKC TL780-15CKC nA7818UV MC7818BT
TL7805ACKC MC7805ACT nA7824CKC MC7824CT
TLC2272D MC33202D nA7824UC MC7824CT
TLC2272P MC33202P LA7824UV MC7824BT
TLC2274D MC33204D uA78GU1C LM317T
TLC2274P MC33204P nA78GUC LM317T
nA1391PC MC1391P HA78LOSACLP MC78LO5ACP
nA1458CP MC1458CP1 HA78LOSAWC MC78LO5ACP
pnA1458CTC MC1458CP1 LA78LO5CLP MC78L0O5CP
HA1458P MC1458P1 HA78LOSWC MC78LO5CP
nA1458TC MC1458P1 LA78LOBACLP MC78LOSACP
uA2240PC MC1455P1 nA78LOBAWC MC78LO8ACP
LA301AT LM301AN nA78LO8CLP MC78L08CP
HA3026HM CA3054 nA78L12ACLP MC78L12ACP
nA3045 MC3346P HA78L12AWC MC78L12ACP
1A3046DC MC3346P nA78L12CLP MC78L12CP
nA3054DC CA3054 LA78L12WC MC78L12CP
pA3NT LM311N HA78L15ACLP MC78L15ACP
HA317UC LM317T nA78L15AWC MC78L15ACP
nA3303P MC3303P HA78L15CLP MC78L15CP
HA3403P MC3403P HA78L15WC MC78L15CP
# = Not recommended for new designs.
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Cross References (continued)

Industry Motorola Neargst Motorola Similar Industry Motorola N t Motorola Simil
art Rep Rep it Part | P P
HA78L18AWC MC78L18ACP UA79MOBAUC MC79M06CT
HA78L24AWC MC78L24ACP UA79MOBCKC MC79M06CT
nA78MO5CKC MC78M05CT nA79MOBUC MC79MO6CT
UA78MO5CKD MC78MO5CT uA79MO8AUC MC79M08CT
UA78MO5UC MC78M05CT HA79MOBCKC MC79M08CT
UA78MO6CKC MC78M06CT HA79MO8BUC MC79M08CT
pA78MO6CKD MC78M06CT HA7OM12AUC MC79M12CT
wA78M06UC MC78M06CT LA79M12CKC MC79M12CT
nA78M0O8CKC MC78M0O8CT uA79M18AUC MC79M18CT
HA78MO8CKD MC78M08CT HA79M18UC MC79M18CT
HA78MO8BUC MC78M08CT LA79M24AUC MC79M24CT
uA78M12CKC MC78M12CT HA79M24CKC MC79M24CT
uA78M12CKD MC78M12CT LA79M24UC MC79M24CT
pA78M12UC MC78M12CT UA9B3BATC MC3488AP1
HA78M15CKC MC78M15CT UAA1016B UAA1016B
nA78M15CKD MC78M15CT uCc2823DW MC33023DW
HA78M15UC MC78M15CT UC2823N MC33023P
HA78M18UC MC78M18CT uc2823Q MC33023FN
HA78M20CKC MC78M20CT uC2825DW MC33025DW
nA78M20CKD MC78M20CT UC2825N MC33025P
HA78M20UC MC78M20CT uc2825Q MC33025FN
HA78M24CKC MC78M24CT UC2842AD 'UC2842AD
UA78M24CKD MC78M24CT UC2842AN UC2842AN
UA78M24UC MC78M24CT uc2842BD uC2842BD
HA78MGT2C LM317T UC2842BN UC2842BN
uA78MGU1C LM317T uc2842D UC2842AD
HA78MGUC LM317MT UC2842N UC2842AN
HA78S40PC HA78S40PC UC2843AD UC2843AD
LA78S40PV nA78S40PV UC2843AN UC2843AN
HA7905.2CKC MC7905.2CT UC2843BD uC2843BD
UA7905CKC MC7905CT UC2843BN UC2843BN
nA7905UC MC7905CT uC2843D UC2843AD
HA7906CKC MC7906CT UC2843N UC2843AN
uA7906UC MC7906CT uC2844BD UC2844BD
HA7908CKC MC7908CT UC2844BN UC2844BN
uA7912CKC MC7912CT uc2844D uC2844D
nA7912UC MC7912CT UC2844N UC2844N
uA7915CKC MC7915CT uC2845BD UC2845BD
uA7915UC MC7915CT UC2845BN UC2845BN
nA7918CKC MC7918CT uc2845D uC2845D
HA7918UC MC7918CT UC2845N UC2845N
HA7924CKC MC7924CT uc317T LM317T
nA7924UC MC7924CT UC337T LM337T
UA798TC MC3458P1 UC3525AN SG3525AN
HA79LOSAWC MC79LO5ACP UC3526N SG3526N
HA79LOSWC MC79L05CP UC3527AN SG3527AN
HA79L12AWC MC79L12ACP uC3823DW MC34023DW
HA79L12WC MC79L12CP UC3823N MC34023P
HA79L15AWC MC79L15ACP uc3823Q MC34023FN
HA79L15WC MC79L15CP uC3825DW MC34025DW
HA79MOSAUC MC79MO5CT UC3825N MC34025P
HA79MO5CKC MC79MO5CT uC3825Q MC34025FN

# = Not recommended for new designs.
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Cross References (continued)

Industry Motorola Nearest Motorola Similar Industry Motorola Nearest Motorola Similar

Part Number Replacement Replacement Part Numb Repl Replacement
UC3842AD UC3842AD UC3845N UC3845N
UC3842AN UC3842AN UC494ACN TL594CN
uC3842BD uC3842BD UC494CN TL494CN
UC3842BN UC3842BN UCN5816A MC34142FN
uC3842D UC3842AD ULN2003A MC1413
UC3842N UC3842AN ULN2004A MC1416
UCB3843AD UCB3843AD ULN2068BB ULN2068B#
UC3843AN UC3843AN ULN2068NE ULN2068B#
UC3843BD UC3843BD ULN2151H MC1741CP1
UC3843BN UC3843BN ULN2151M MC1741CP1
uC3843D UC3843AD ULN2803A ULN2803A
UC3843N UCB3843AN ULN2804A ULN2804A
UC3844BD UC3844BD ULN8126A SG3526N
UC3844BN UC3844BN ULS2151M MC1741CP1
UC3844D uC3844D ULX8161M MC34060AP
UC3844N UC3844N UPD6950C MC10319P
UC3845BD uUC3845BD UVvC3101 MC10319P
UC3845BN UC3845BN XR082CP TLO82CP
uC3845D uC3845D XR084CP TLOB4CN

# = Not recommended for new designs.
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Amplifiers and Comparators

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, telecommunications,
medical, and consumer products.
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Operational Amplifiers

Motorola offers a broad line of bipolar operational
amplifiers to meet a wide range of applications. From low—cost
industry—standard types to high precision circuits, the span
encompasses a large range of performance capabilities.
These Analog integrated circuits are available as single, dual

Table 1. Single Operational Amplifiers

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

Supply
BW SR Voltage
B | Vio |TCvio | ho | Avol [(Av=1)|(Ay=1) v )
(nA) (mvV) [(uvreC) | (nA) | (V/mV) | (MHz) | (V/us) Suffix/
Device Max Max Typ Max Min Typ Typ Min Max Description Package

Noncompensated -
Commercial Temperature Range (0°C to +70°C)
LM301A 0.25 7.5 10 50 25 1.0 0.5 +3.0 | £18 General Purpose N/626, D/751
LM308A 7.0 0.5 5.0 1.0 80 1.0 0.3 3.0 | £18 Precision N/626, D/751

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

ftm2o1a foors | 20 | 10 [ 10 | s0 | 10

0.5 |¢3.o I 122 I General Purpose N/626, D/751

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

LF351 200 pA 10 10 100 pA 25 4.0 13 +5.0 | +18 JFET Input N/626, D/751
LF411C 200pA | 2.0 10 100 pA 25 8.0 25 +5.0 | £22 | JFET Input, Low Offset, | N/626, D/751
Low Drift
LF441C 100pA | 5.0 10 50 pA 25 2.0 6.0 +5.0 | £18 | Low Power, JFET Input | N/626, D/751
LM11C 100pA | 06 2.0 10 pA 250 1.0 0.3 +3.0 | £20 Precision N/626
LM11CL 200pA | 5.0 3.0 25 pA 50 1.0 0.3 +3.0 | £20 Precision -N/626
MC1436,C | 0.04 10 12 10 70 1.0 2.0 +15 | 34 High Voltage P1/626, D/751
MC1741C 0.5 6.0 15 200 20 1.0 0.5 +3.0 | +18 General Purpose P1/626, D/751
MC1776C | 0.003 6.0 15 3.0 100 1.0 0.2 +1.2 | +18 | uPower, Programmable | P1/626, D/751
MC3476 0.05 6.0 15 25 50 1.0 0.2 +1.5 | £18 Low Cost, P1/626
uPower, Programmable
MC34001 | 200 pA 10 10 100 pA 25 4.0 13 5.0 | +18 JFET Input P/626, D/751
MC34001B [200pA | 5.0 10 100 pA 50 4.0 13 5.0 | +18 JFET Input P/626, D/751
MC34071 0.5 5.0 10 75 25 4.5 10 +3.0 | +44 High Performance P/626, D/751
MC34071A [500nA | 3.0 10 50 50 45 10 +3.0 | +44 Single Supply P/626, D/751
MC34080B | 200 pA 1.0 10 100 pA 25 16 55 5.0 | +22 Decompensated P/626, D/751
MC34081B | 200pA | 1.0 10 100 pA 25 8.0 30 5.0 | 22 | High Speed, JFET Input | P/626, D/751
MC34181 0.1 nA 2.0 10 0.05 25 4.0 10 +2.5 | 18 | Low Power, JFET Input P/626
TLO71AC | 200pA | 6.0 10 50 pA 50 4.0 13 +5.0 | £18 | Low Noise, JFET Input | P/626, D/751
TLO71C 200 pA 10 10 50 pA 25 4.0 13 +5.0 | £18 | Low Noise, JFET Input | P/626, D/751
TLO81AC 200 pA 6.0 10 100 pA 50 4.0 13 +5.0 | £18 JFET Input P/626, D/751
TLO81C 400 pA 15 10 200 pA 25 4.0 13 +5.0 | +18 JFET Input P/626, D/751
Automotive Temperature Range (~40°C to +85°C)
MC33071 0.5 5.0 10 75 25 4.5 10 +3.0 | +44 High Performance P/626, D/751
MC33071A | 500nA | 3.0 10 50 50 4.5 10 +3.0 | +44 Single Supply P/626, D/751
MC33171 0.1 4.5 10 20 50 1.8 241 +3.0 | +44 |Low Power, Single Supply | P/626, D/751
MC33181 0.1 nA 2.0 10 0.05 25 4.0 10 +2.5 | +18 | Low Power, JFET Input | P/626, D/751
Extended Automotive Temperature Range (~40°C to +105°C)
[mcaszor [2s0ma | 90 | 20 | 100 | 50 | 22 10 [209 [+60| LowVRairto-Rail | Pse26, D751 |

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

[mcaseo1 [400na| 90 | 20 | 200 | s0 | 22

| z09 | 6.0 | LowV Raito—Rail | Pi626, D751 |
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Table 2. Dual Operational Amplifiers

Bw | SR | e
hB Vio [TCvio | ho | Avol |(Ay=1) |(Ay=1) v
(MA) | (mV) [(uVreC) | (nA) [ (VimV) | (MHz) | (V/us) Suffix/
Device Max Max Typ Max Min Typ Typ Min  Max Description Package
Internally Compensated
Commercial Temperature Range (0°C to +70°C)
LF353 200 pA 10 10 100 pA 25 4.0 13 +5.0 | 18 JFET Input N/626, D/751
LF412C 200 pA 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 +1.5 | £18 Single Supply, N/626, D/751
. +3.0 | +36 |Low Power Consumption
LM833 1.0 5.0 2.0 200 31.6 15 7.0 +2.5 | +18 Low Noise, Audio N/626, D/751
MC/MCT1458 0.5 6.0 10 200 20 1.1 0.8 +3.0 | +18 Dual MC1741 P1/626,
D/751
MC1458C 0.7 10 10 300 20 11 0.8 +3.0 | +18 General Purpose P1/626,
D/751
MC3458 0.5 10 7.0 50 20 1.0 0.6 +1.5 | +18 Split Supplies, P1/626,
+3.0 | +36 Single Supply, D/751
Low Crossover Distortion
MC4558AC 0.5 5.0 10 200 50 2.8 1.6 +3.0 | £22 High Frequency P1/626
MC/MCT4558C| 0.5 6.0 10 200 20 2.8 1.6 +3.0 | £18 High Frequency P1/626,
. D/751
MC34002 100 pA 10 10 100 pA 25 4.0 13 +5.0 | £18 JFET Input P/626, D/751
MC34002B 100 pA 5.0 10 70 pA 25 4.0 13 +5.0 | £18 JFET Input P/626, D/751
MC34072 0.5 5.0 10 75 25 45 10 +3.0 | +44 High Performance P/626, D/751
MC34072A 500 nA 3.0 10 50 50 4.5 10 +3.0 | +44 Single Supply P/626, D/751
MC34082 200pA | 3.0 10 |100pA| 25 8.0 30 +5.0 | +22 | High Speed, JFET Input P/626
MC34083B 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 +2.5 | +18 | Low Power, JFET Input | P/626, D/751
TLO62AC 200pA | 6.0 10 100 pA 4.0 2.0 6.0 +2.5 | £18 | Low Power, JFET Input | P/626, D/751
TLO62C 200 pA 15 10 200pA | 4.0 2.0 6.0 +2.5 | +18 | Low Power, JFET Input | P/626, D/751
TLO72AC 200pA | 6.0 10 50 pA 50 4.0 13 +5.0 | £18 | Low Noise, JFET Input | P/626, D/751
TLO72C 200 pA 10 10 50 pA 25 4.0 13 +5.0 | £18 | Low Noise, JFET Input | P/626, D/751
TLO82AC 200pA | 6.0 10 100 pA 50 4.0 13 +5.0 | +18 JFET Input P/626, D/751
TLO82C 400 pA 15 10 200 pA 25 4.0 13 +5.0 | +18 JFET Input P/626, D/751
Industrial Temperature Range (-25°C to +85°C)
LM258 0.15 5.0 10 30 50 1.0 0.6 +1.5 | +18 Split or Single Supply | N/626, D/751
+3.0 | +36 Op Amp
Automotive Temperature Range (—40°C to +85°C)
MC3358 5.0 8.0 10 75 20 1.0 0.6 |+1.5 | +18 | Split or Single Supply P1/626
: +3.0 | +36
MC33072 0.50 5.0 10 75 25 4.5 10 +3.0 | +44 High Performance P/626, D/751
MC33072A 500 nA 3.0 10 50 50 4.5 10 +3.0 | +44 Single Supply P/626, D/751
MC33076 0.5 4.0 2.0 70 25 7.4 2.6 +2.0 | +18 High Output Current P1/626,
P2/648C,
D/751
MC33077 1.0 1.0 2.0 180 150 37 1" +2.5 | £18 Low Noise P/626, D/751
MC33078 750nA | 2.0 2.0 150 31.6 16 7.0 +5.0 | £18 Low Noise N/626, D/751
MC33102 P/626, D/751
(Awake) 600nA | 3.0 1.0 60 25 46 1.7 |25 | 18 Sleep-Mode™
(Sleep) 60nA | 3.0 1.0 6.0 15 0.3 01 |25 |18 Micropower
MC33172 0.10 4.5 10 20 50 1.8 2.1 +3.0 | +44 Low Power, Single P/626, D/751
’ Supply
MC33178 0.5 3.0 2.0 50 50 5.0 2.0 +2.0 | £18 High Output Current P/626, D/751
MC33182 0.1 nA 3.0 10 0.05 25 4.0 10 +2.5 | £18 | Low Power, JFET Input | P/626, D/751
MC33272A 650 nA 1.0 0.56 25 nA 31.6 55 1.5 +1.5 | +18 High Performance P/626, D/751
MC33282 100 pA {200uV| 5.0 50 pA 50 30 12 +2.5 | £18 | Low Input, Offset JFET | P/626, D/751
TLO62V 200 pA 6.0 10 100 pA 4.0 2.0 6.0 +2.5 | £18 | Low Power, JFET Input | P/626, D/751
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Table 2. Dual Operational Amplifiers (continued)

R E BW | SR | SuPply
W8 | Vio |TCvio [ No | Avor |(Ay=1){(Ay=1) [ TGP
®A) [ (mV) |@VFC)| (nA) [(VimV) | (MHz) | (Vius) Suffix/
Device Max Max’ | Typ Max ‘| Min | Typ- Typ Min ~ Max ~ Description Package
Extended Automotive Temperature Range (—40°C to +105°C) ' . .
MC33202 250 nA " 2.0 100 . 50 22 1.0 +0.9 | 6.0 Low V Rail-to—Rail P/626, D/751
MC33206 - N ’ Rail-to—Rail P/646,
: with Enable ' D/751A
LM2904 0.25 10 7.0 50 100 1.0 0.6 1.5 | +13 Split or Single Supply | N/626, D/751
typ +3.0 | +26 ’
- Extended Automotive Temperature Range (—40°C to +125°C)
TCA0372 500 nA 15 20 50 30 11 14 +5.0 | +36 Power Op Amp, DP2/648,
. ’ . Single Supply DW/751G
LM2904V 0.25 13 7.0 50 100 1.0 0.6 +1.5 | +13 Split or Single Supply | N/626, D/751
' typ +3.0 | +26

Military Température Range (-55°C to +125°C) .
[mcasz02 T4o0pa] 11 [ 20 [200pa] 50 | 22 | 10 [+09]+60] towVRaitoRal |Pe26 D751 |

Table 3. Quad Operational Amplifiers

BW SR Supply
B | Vio |Tcvio| o | Aver [(Ay=1) [(a,=1)| Vohtage :
) (uA) (mV) | (uvrC) | (nA) | (V/mV) | (MHZ) | (V/us) - Y ) Suffix/
Device Max Max Typ Max Min Typ Typ Min  Max Description . Package
Internally Compensated :
Commercial Temperature Range (0°C to +70°C)
LF347 200pA | 10 10 |100pA"l 25 | 40 13 45.0 | +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 20 6.0 +5.0 | £18 | Low Power, JFET Input | N/646, D/751A
LM324, A 0.25 6.0 7.0 50 25 1.0 0.6 1.5 | +16 Low Power N/646, D/751A
‘ ; ' +3.0 | +32 Consumption
LM348 0.2 6.0 - 50 25 1.0 . 05 +3.0 | +18- Quad MC1741 D/751A
LM3900 i +3.0 | +36
MC3403 0.5 10 7.0 50 20 1.0 0.6 +1.5 | £+18. No Crossover P/646, D/751A
+3.0 | +36 Distortion “
MC4741C 0.5 6.0 15 200 20 1.0 0.5 +3.0 | £18 Quad MC1741 'P/646, D/751A
MC34004 200 pA 10 10 100 pA 25 4.0 13 +5.0 | 18 JFET Input P/646
MC34004B | 200 pA 5.0 10 100 pA 50 - 4.0 13 +5.0 | +18 JFET Input P/646
MC34074 0.5 5.0 10 75 25 4.5 10 . +3.0 | +44 High Performance P/646, D/751A
MC34074A | 500 nA 3.0 10 50 50 4.5 10 +3.0 | +44 Single Supply | P/646, D/751A
MC34084 200 pA 12 10 100 pA 25 8.0 30 +5.0 | £22 | High Speed, JFET Input P/646,
. DW/751G
MC34085B | 200 pA 12 10 {100 pA 25 16 55 5.0 | 22 Decompensated P/646,
. . DW/751G
MC34184 0.1nA 10 10 0.05 25 4.0 10 +2.5 | £18 | Low Power, JFET Input | P/646, D/751A
TLO64AC | 200 pA 6.0 10 100pA | 4.0 2.0 6.0 +2.5 | £18 | Low Power, JFET Input | N/646, D/751A
TLO64C 200 pA 15 10 200 pA 4.0 2.0 6.0 +2.5 | £18 | Low Power, JFET Input | N/646, D/751A
TLO74AC 200 pA 6.0 10 50 pA 50 4.0 13 15.0 | 18 | Low Noise, JFET Input N/646
TLO74C 200 pA 10 10 50 pA 25 4.0 13 +5.0 | £18 | Low Noise, JFET Input N/646
TLOB4AC |[200pA | 6.0 10 |100pA | 50 4.0 13 45.0 | +18 JFET Input N/646
TLO84C 400 pA 15 10 200pA | 25 4.0 13 5.0 | +18 JFET Input N/646
Industrial Temperature Range (-25°C to +85°C)
LM224, A 0.15 50 7.0 30" 50 1.0 0.6 1.5 | 16 Split Supplies or N/646, D/751A
‘ o +3.0 | +32 Single Supply
Automotive Temperature Range (-40°C to +85°C) .
MC3301/ 03’ - - - 1.0 4.0 0.6 +2.0 | £15 Norton Input P/646
LM2900 | ‘ +4.0 | +28 . N/646
MC3303 o5 | 80 | 10 75 20 1.0 | 06 |15 +i8 Differential P/646, D/751A
+3.0 | +36 General Purpose
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Table 3. Quad Operational Amplifiers (continued)

BW SR Supply
B | Vio |Tcvio| o | Avol [(Ay=1) [(a,=1)| Veltage
@A) | mv) |@vre)| Ay | (vimV) | (MHz) | (Vius) v Suffix/
Device Max Max Typ Max Min Typ Typ Min  Max Description Package
MC33074 0.5 4.5 10 | 75 25 4.5 10 +3.0 | +44 High Performance, P/646, D/751A
Single Supply
MC33074A | 500 nA 3.0 10 50 50 4.5 10 +3.0 | +44 High Performance P/646, D/751A
MC33079 750 nA 25 2.0 150 31.6 9.0 7.0 +5.0 | 18 Low Noise N/646, D/751A
MC33174 0.1 4.5 10 20 50 1.8 21 +3.0 | +44 Low Power, Single P/646, D/751A
Supply

MC33179 0.5 3.0 2.0 50 50 5.0 2.0 +2.0 | 18 High Output Current P/646, D/751A
MC33184 0.1 nA 10 10 0.05 25 4.0 10 +25 | £18 | Low Power, JFET Input | P/646, D/751A
MC33274A | 650 nA 1.0 0.56 25nA 31.6 55 1.5 1.5 | £18 High Performance P/646, D/751A
MC33284 100 pA 2.0 5.0 50 pA 50 30 12 +2.5 | £18 | Low Input, Offset JFET | P/646, D/751A
TLO64V 200 pA 9.0 10 100 pA 4.0 2.0 6.0 +2.5 | £18 | Low Power, JFET Input | N/646, D/751A
Extended Automotive Temperature Range (-40°C to +105°C)

MC33204 250 nA 13 2.0 100 50 2.2 1.0 +0.9 | £6.0 Low V Rail-to—Rail P/646, D/751A
MC33207 50 22 +0.9 | +6.0 | Rail-to—Rail with Enable | P/648, D/751B
MC33304 25 3.0 +1.8 | +12 | Sleepmode, Rail-to—Rail | P/646, D/751A
LM2902 0.5 10 - 50 15 1.0 0.6 +1.5 | +13 | Differential Low Power | N/646, D/751A

+3.0 | +26

Extended Automotive Temperature Range (-40°C to +125°C)

LM2902V 0.5 13 - 50 15 1.0

0.6 +1.5 | +13
+3.0 | +26

Differential Low Power } N/646, D/751A

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

[Mcas204 |400pA| 13 | 20 [200pa| s0 | 22

1.0 | 209 |60 ] LowV Raito-Rail | P/646, DI751A |

High Frequency Amplifiers

A variety of high frequency circuits with features ranging
from low cost simplicity to multifunction versatility marks
Motorola’s line of integrated amplifiers. Devices described
here are intended for industrial and communications
applications. For devices especially dedicated to consumer
products, i.e., TV and entertainment radio. (See the
Consumer Electronics Circuits section.)

AGC Ampilifiers
MC1490/MC1350 Family Wideband

General Purpose Amplifiers

The MC1490 and MC1350 family are basic building
blocks — AGC (Automatic Gain Controlled) RF/Video

Amplifiers. 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 and instrumentation amplifiers, IF (Intermediate
Frequency) amplifiers for radio and TV receivers, and
transmitter power output control. Many uses will be found in
medical instrumentation, 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.

Table 4. High Frequency Amplifier Specifications

Operating Ay Bandwidth Vec/VEe
Temperature Range (dB) @ MHz (Vdc) Suffix/
—-40° to +85°C 0° to +70°C Typical Minimum Maximum Package
- MC1350 50 45 +6.0 +18 P/626, D/751

MC1490 - 50 10 P/626
45 60
35 100
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Miscellaneous Amplifiers

Motorola provides several Bipolar ‘and CMOS special ’ range from low power CMOS programmable amplifiers and
purpose amphflers which fill specific needs. These devices  comparators to variable—gain bipolar power amplifiers.

MC3405
Dual Operational Amplifier and Output 1 II
Dual Voltage Comparator \

\
o Comp| [ Op 4 Output4
. E 1 Amp 1
This device contains two Differential Input Operational ‘ '"P“‘S1{ 4 }Inputs4
Amplifiers and two Comparators; each set capable of single E ‘ :I

supply operation. This operational amplifier—comparator veo [: :| VEg/Gnd
circuitwill find its applications as a general purpose product for - Amp 2

Comp
automotive circuits and as an industrial “building block.” Inputs 2 l: Il o
Inputs 3
Output 2 |: 8 | Output3

Table 5. Bipolar

B - Vio o Avol Response Supply Voltage
(uA) (mV) (nA) (V/imV) (us) Suffix/
Device Max Max Max Min Typ Single Dual Package
MC3405 0.5 10 50 20 13 |. 3.0t036 +1.5t0 +18 P/646
MC14573
Quad Programmable Operational Amplifier
MC14575 : .
Dual Programmable Operational Amplifier and Dual Programmable Comparator
MC14576B/MC14577B -

Dual Video Amplifiers

Table 6. CMOS

Quantity ) SInQIe Supply Dual Supply . : A Suffix/
Function Per Package Voltage Range | Voltage Range Frequency Range ) Device Package
Operational Amplifiers 4 3.0to15V +1.5t0t7.5V DC to 1.0 MHz MC14573 P/648, D/751B
Operational Amplifiers 2and2 3.0to 15V +1.5t047.5V DC to 1.0 MHz MC14575 P/648, D/751B
‘and Comparators : o ) . ) .
Video Amplifiers 2 5.0t012V(1) | +251t0+6.0 V() Up to 10 MHz MC14576C | P/626, F/904
MC14577C

(1) 5.0t0 10 V for surface mount package.
(2) +2.5 to +5.0 V for surface mount package.
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Comparators

Table 7. Single Comparators

B Vio ho Ay ljo | Response Supply Temperature
©A) [ (mV) | @A) | (viv) | (mA) Time Voltage Range Suffix/
Device Max | Max | Max Typ | Min (ns) (\7] Description (°C) Package
Bipolar
LM211 01 3.0 0.01 200k | 8.0 200 +15,-15 With strobe, will operate -25to +85 D/751
LM311 0.25 75 0.05 from single supply 0to +70 N/626,
D/751
CMOS
MC14578 | 1.0pA | 50 - - 1.1 - 3.5t014 Requires only 10 pA from -30to +70 P/648,
single—ended supply D/751B
Table 8. Dual Comparators
B Vio ho Ay ho |Response Supply Temperature
(LA) | (mV) | (uA) [ (VIV) | (mA) Time Voitage Range Suffix/
Device Max | Max | Max Typ | Min (ns) ) Description (°C) Package
Bipolar
LM293 0.25 5.0 0.05 | 200k | 6.0 1300 +1.5to +18 | Designed for single or split -25 to +85 N/626,
LM393 5.0 1300 or supply operation, input Oto +70 D/751
LM393A 2.0 1300 3.0to 36 | common mode includes Oto+70
LM2903 7.0 1500 ground (negative supply) —40 to +105
LM2903V 7.0 1500 —40to +125
MC3405 0.5 10 0.05 | 200k | 6.0 1300 +1.5to £7.5 | This device contains 2 op 0to+70 P/646
or amps and 2 comparators in
3.0t0 15 a single package
CMOSs
MC14575 | 0.001 30 |0.0001 | 20k | 3.0 1000 +1.5t0+7.5 | This device contains 2 op -40 to +85 P/648,
or amps and 2 comparators in D/751B
3.0to 15 |asingle package
Table 9. Quad Comparators
B Vio ho Ay ljo | Response Supply Temperature
(MA) | (mV) | (uA) | (VNV) | (mA) Time Voltage Range Suffix/
Device Max | Max | Max Typ | Min (ns) V) Description (°C) Package
Bipolar
LM239 0.25 5.0 0.05 | 200k | 6.0 1300 +1.5t0+£18 | Designed for single or split —25 to +85 N/6486,
LM239A 2.0 200 k or supply operation, input —25 to +85 D/751A
LM339 5.0 200 k 3.0t0 36 | common mode includes 0to +70
LM339A 2.0 200 k ground (negative supply) Oto +70
LM2901 7.0 100 k —-40 to +85
LM2901V 7.0 100 k -40to +125
MC3302 0.5 20 0.5 100 k —40 to +85 P/646
MC3431 40 10 |1.0Typ| 12k | 16 33 +5.0,~5.0 | High speed comparator/ 0to +70 P/648
MC3432 6.0 40 sense amplifier
MC3433 10 40
CMOS
MC14574 | 0.001 30 ]0.0001 ) 20k | 3.0 1000 +1.5to £7.5 | Externally programmable —40 to +85 P/648,
or power dissipation with 1 or D/751B
3.0to 15 |2 resistors
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Amplifiers and Comparators Package Overview

CASE 626
N, P, P1 SUFFIX

&

CASE 751
"D SUFFIX

<

CASE 751G *-

DW SUFFIX:

CASE 646
N, P SUFFIX

&L

CASE 751A
D SUFFIX

CASE 648, 648C
DP2, P, P2 SUFFIX

CASE 751B
D SUFFIX

@

CASE 904
F SUFFIX
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Device Listing and Related Literature

Ampilifiers
Device

LF347, B, LF351, LF353
LF411C, LF412C
LF441C, LF442C, LF444C
LM11C, CL
LM301A, LM201A
LM308A
LM324, LM324A,

LM224, LM2902, V
LM348
LM358, LM258, LM2904, V
LM833
MC1436, C
MC1458, C

MCT1458, C

MC1490

MC1741C

MC1776C

MC3301, LM2900, LM3900
MC3403, MC3303
MC3458, MC3358
MC3476

MC4558AC, MC4558C
MCT4558C

MC4741C

MC33076

MC33077

MC33078, MC33079

MC33102

MC33171, MC33172,
MC33174

MC33178, MC33179

MC33201, MC33202,
MC33204

MC33206, MC33207

MC33272A, MC33274A

MC33282, MC33284

MC33304
MC34001, B, MC34002, B,
MC34004, B
MC34071, 2, 4, A,
MC33071, 2, 4, A
MC34080 thru MC34085
MC34181, 2, 4,
MC33181, 2, 4
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Precision Operational Amplifiers .......... ... .. ... ... ... . .. 2-24
Operational Amplifiers . ... e 2-30
Precision Operational Amplifier . ............ ... ... ... .. . ... 2-34
Quad Low Power Operational Amplifiers . ................... ... . ... 2-45
Differential Input Operational Amplifier ............................. 2-56
Dual Low Power Operational Amplifiers .................... ... .... 2-62
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Internally Compensated, High Performance Dual Operational

AMPIfIErS .. e 2-84
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AMPIfEr L e 2-89
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Micropower Programmable Operational Amplifier .................... 2-104
Quad Single Supply Operational Amplifiers ......................... 2-113
Quad Low Power Operational Amplifiers ..................... P 2-123
Dual, Low Power Operational Amplifiers .................... e 2—-137
Low Cost Programmable Operational Amplifier ...................... 2-144
Dual Wide Bandwidth Operational Amplifiers ........................ 2-149
Dual Wide Bandwidth Operational Amplifier ......................... 2-153
Differential Input Operational Amplifier .......... ... ... ... ... .... 2-156
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Dual/Quad Low Noise Operational Amplifiers ....................... 2-180
Sleep—Mode™ Two-State, Micropower Operational Amplifier . ......... 2-189
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Rail-to—Rail Operational Amplifiers ........... ... ...t 2-218
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Low Voltage Rail-to—Rail SLEEPMODE™ Operational Amplifier ....... 2-254
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AMPIfiErs .. 2-272

High Slew Rate, Wide Bandwidth, JFET Input Operational Amplifiers ... 2-288
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Operational Amplifiers . ... 2-299
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Amplifiers
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JFET Input
Operational Amplifiers

These low cost JFET input operational amplifiers combine two
state—of-the—art analog 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.

@ Input Offset Voltage of 5.0 mV Max (LF347B)
® Low Input Bias Current: 50 pA

® Low Input Noise Voltage: 16 nV//Hz

® Wide Gain Bandwidth: 4.0 MHz

LF347, B
LF351
LF353

FAMILY OF JFET
OPERATIONAL AMPLIFIERS

-
*

N SUFFIX
PLASTIC PACKAGE
CASE 626

D SUFFIX
PLASTIC PACKAGE
CASE 751
(S0-8)

PIN CONNECTIONS

® High Slew Rate: 13V/us Offset Null 6 NG
® [ ow Supply Current: 1.8 mA per Amplifier Invtinput Vee LF351
Noninvt Input i
® High Input Impedance: 1012 Q@ o :pu g::::‘Nu“ (Top View)
EE
® High Common Mode and Supply Voltage Rejection Ratios: 100 dB
Output A[1} 8] Voo
(7] OutputB LF353
meusA [ : (Top View)
Inputs B
Vee 4} }
MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Vce +18 \ N SUFFIX
VEE -18 PLASTIC PACKAGE
Differential Input Voltage ViD +30 \ CASE 646
Input Voltage Range (Note 1) VIDR +15
Output Short Circuit Duration {Note 2) tsc Continuous PIN CONNECTIONS
- oo \
Power Dissipation at Tp = +25°C Pp 900 mwW ou1[T] T oua
Derate above Tp =+25°C 1/gJA 10 mW/°C
[Zhy i
Operating Ambient Temperature Range TA 0to +70 °C Inputs 1 { ] Inputs 4
3 1 4 2
Operating Junction Temperature Range Ty 115 °C E + + ?\
Veel4 1}V,
Storage Temperature Range Tstg -65to0 °C + + €
+150

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

H ]
Inputs 2 Inputs 3
[@D_ 2| |3
out2[7 8] Out3

rating may be exceeded. (Top View)
ORDERING INFORMATION
Operating

Device | Function | Temperature Range Package
LF351D Single SO-8
LF351N Single Plastic DIP
LF353D Dual o o SO-8
LF35aN | Dual | TA=O1OT0C | ppgicDip
LF347BN| Quad Plastic DIP
LF347N Quad Plastic DIP

2-1
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LF347, B LF351 LF353

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

LF347B LF347, LF351, LF353
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg <10k, Vgm = 0) Vio mVv
Tp = +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 uvrC
Rg <10k, 0°C<Tp < +70°C - 10 - - 10 -
Input Offset Current (Vo = 0, Note 3) llo
Ta = +25°C - 25 100 - 25 100 pA
0°C < TA<+70°C - - 4.0 - - 4.0 nA
Input Bias Current (VoM = 0, Note 3) B
Tp = +25°C - 50 200 - 50 200 pA
0°C<TA<+70°C - - 8.0 - - 8.0 nA
Input Resistance i - 1012 - - 1012 - Q
Common Mode Input Voltage Range VICR +11 +15 - +11 +15 - \
’ -12 -12
Large-Signal Voltage Gain (Vo =+10V, R|_=2.0 k) AvoL V/imV
Tp =+25°C 50 100 - 25 100 -
0°C < Tp <+70°C 25 - - 15 - -
Output Voltage Swing (R = 10 k) Vo +12 +14 - +12 +14 - \
Common Mode Rejection (Rg < 10 k) CMR 80 100 - 70 100 - dB
Supply Voltage Rejection (Rg < 10 k) PSRR 80 100 - 70 100 - dB
Supply Current . Ip | ma
LF347 - 7.2 1 - 7.2 1
LF351 - - - - 1.8 3.4
LF353 - - - - 3.6 6.5
Short Circuit Current Isc - 25 - - 25 - mA
Slew Rate (Ay = +1) SR - 13 - - 13 - Vius
Gain—-Bandwidth Product BWp - 4.0 - - 4.0 - MHz
Equivalent Input Noise Voltage en - 24 - - 24 - nV/NHz
(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.

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

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.
® Low Input Offset Voltage: 2.0 mV Max (Single)

3.0 mV Max (Dual)

® Low T.C. of Input Offset Voltage: 10 uVv/°C
® | ow Input Offset Current: 20 pA
® Low Input Bias Current: 60 pA
® Low Input Noise Voltage: 18 nV/yHz
® Low Input Noise Current: 0.01 pA/\/E
® | ow 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%)
® Internally Compensated
ORDERING INFORMATION
Operating
Device Function Temperature Range Package
LF411CD Single SO-8
LF411CN Plastic DIP
LF412CD Dual Ta=010+70°C S0-8
LF412CN Plastic DIP

LF411C
LF412C

SINGLE/DUAL JFET

OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

LF411C

Offset Null [1] (8] NC
Invt Input Vee
Noninvt input (6] Output
VEE Offset Null
(Single, Top View)
LF412C
(8] Voo
Output 2
} Inputs 2

(Dual, Top View)

MOTOROLA ANALOG IC DEVICE DATA
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LF411C LF412C

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltages Vece, VEE| +18 \'
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 Oto 70 °C
Thermal Resistance LF411CN/412CN RoyA - 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 Vo or VEE,
2. Power dissipation must be considered to ensure maximum junction temperature
(Ty) is not exceeded.

Representative Schematic Diagram
(Each Amplifier)

Output
o
L Lo d I o
Q4 Q5 .
@ P P N | |
s l L |
- ] J 1 I
Inputs
P +O Q17 I} :
) el
Q15 Q19 Q23 " | I
|
>—IEJ14 — | |
| |
Q21 @22 g4 | |
QE‘ l/013 Q16 : !
r/‘ N !
aro) Qi (oo Qf\/‘—L—‘ aes |
r/‘ '\T | I
| J
il | |
o——4¢ Q18 .
Offet , - t |
Nul | |
LF411C | |
Only . O VEE
o Bias Circuitry
Common to All
Amplifiers
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LF411C LF412C

ELECTRICAL CHARACTERISTICS (Vog=+15V, VEg =—15V, Tp = 0° to 70°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Rg =10k Q, Ve =0V, Vo =0V) Vol mV
LF411 - 0.5 2.0
LF412 - 1.0 3.0
Average Temperature Coefficient of Input Offset Voltage AVip AT uv/eC
(Rs=10kQ,Vcm=0V,Vo=0V) - 10 -
Input Offset Current (Vo =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°to 70°C - - 2.0 nA
Input Bias Current (Vom =0V, Vo=0V) IiB
LF411  Tpa=25°C - 0.6 200 pA
TA = 0°to 70°C - - 4.0 nA
LF412 Tpa=25°C - 0.5 200 pA
Tp = 0°to 70°C ) - - 4.0 nA
Large Signal Voltage Gain (Vo =+10V, R =2.0k Q) AvyoL V/imv
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 (Vip =+1.0 V, R = 10 kQ) \
LF411 Vo + +12 +13.9 -
Vo- - -147 -12
LF412 Vo + +12 +14.0 -
Vo - - ~14.0 -12
Common Mode Input Voltage Range (Vo =0 V) VICR \
LF411 +11 +14 -1
— —14 -
LF412 +11 +15 -1
- —12 -
Common Mode Rejection (VoM =411V, Rg <10k Q) CMR dB
LF411 70 90 -
LF412 70 100 -
Power Supply Rejection (Note 3) PSR dB
(Vcc VEE=+15V,-15Vto +5.0V,-5.0 V)
LF411 70 86 -
LF412 70 100 -
Power Supply Current (Vo =0 V) Ip mA
LF411 - 25 3.4
LF412 - 2.8 6.8

NOTE: 3. Measured with V¢ and VEg simultaneously varied.
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LF411C LF412C

AC ELECTRICAL CHARACTERISTICS (Vi = +15 V, VEE =~15 V, T = 25°C, unless otherwise noted.)

Characteristic 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 B.Q 13 -
Gain Bandwidth Product GBW MHz
LF411 2.7 8.0 -
LF412 . 2.7 4.0 -
Channel Separation (f = 1.0 Hz to 20 kHz, LF412) Cs - -120 - dB
Differential Input Resistance (Vcpm = 0 V) Rin - 1012 - kQ
Equivalent Input Voltage Noise (Rg = 100 Q, f = 1.0 kHz) en nV/Hz
LF411 - 30 -
LF412 - 25 _
Equivalent Input Noise Current (f = 1.0 kHz) in pA/VHz
LF411 - 0.01 -
LF412 - 0.01 -
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Low Power JFET Input
Operational Amplifiers

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
provides for the external null adjustment of input offset voltage.

These devices are specified over the commercial temperature range. All
are available in plastic dual in—line and SOIC packages.

® | ow Supply Current: 200 pA/Amplifier
® Low Input Bias Current: 5.0 pA

High Gain Bandwidth: 2.0 MHz

High Slew Rate: 6.0 V/us

High Input Impedance: 1012 Q

Large Output Voltage Swing: 14 V
Output Short Circuit Protection

Representative Schematic Diagram
(Each Amplifier)

° Vee
®

LF441C
LF442C
LF444C

LOW POWER
JFET INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

: &

1 1

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

(80-8)
PIN CONNECTIONS
Offset Null ] & NC

Cor
- J J2 D2 Y
Inputs R3 R4
+ O— N — N N———VWN—O Output
D1
¢
® oy C
"R a0 I
Q Q2 c2
{
R1 R2 RS <1>
i M © VEE
- - ;
I . 5 1.5kQ B 1
*Null adjustment pins for LF441 only. 1 mfvw—o VEE N SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
LF441C input offset voltage CASE 646 CASE 751A
null adjust circuit (SO-14)
PIN CONNECTIONS
ORDERING INFORMATION Output 1 [T ~ 12 Output 4
Operating o A ]
Device Function Temperature Range Package Inputs 1 { ] - < ) } Inputs 4
LF441CD Single SO-8 + +
LF441CN Plastic DIP vee [4] 1] Veg
+ +
LF442CD Dual ) . S0-8 (5] 0]
LF442CN TA =010 +70°C Plastic DIP Inputs 2 { G Ny Inputs 3
LF444CD Quad SO-14 Output 2 [7] 18] Output3
LF444CN Plastic DIP
(Quad, Top View)
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LF441C LF442C LF444C

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (from Vcclto’ VEE) Vs +36 \)
Input Differential Voltage Range (Note 1) VIDR 30 . Vv
Input Voltage Range (Notes 1 and 2) VIR +15 . Y }
Output Short Circuit Duration (Note 3) tsc Indefinite sec :
Operating Junction Temperature (Note 3) Ty . +150 . . °C
Storage Temperature Range Tstg —-60to+150 | °C

NOTES: 1. Differential voltages are at the noninverting input terminal with respect to the inverting
" “input terminal. :
2.The magnitude of the input voltage must never exceed the magmtude of the supply
or 15V, whichever is.less.
3.Power dissipation must be considered to ensure maximum junction temperature Ty
is not exceeded (see Figure 1).

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

Characteristic Symbol Min Typ Max ~ Unit
Input Offset Voltage (Rg = 10 kQ, Vo =0 V) Vio ‘ 1 mv
Single: Tp =+25°C - 3.0 - 5.0 :
Ta = 0°to +70°C - - 75
Dual: = Ta =+25°C - 3.0 5.0
TA=0°t0+70°C - - - 7.5
Quad: Tp=+25°C - 3.0 10
Ta =0°to +70°C . - - 12
Average TemperatUré Coefficient of Offset Voltage AVIO/AT - 10 - uv/C
(Rg=10kQ, Vo =0V)
Input Offset Current (VoM =0V, Vo =0V) ' llo
TA = +25°C - 0.5 50 pPA
TA = 0°to +70°C ' - - 1.5 nA
. Input Bias Current (Vcm=0V,Vo=0V) B .
TA = +25°C - 3.0 100 pA
Ta=0°10 +70°C . - - 3.0 nA
Common Mode Input Voltage Rahge (Ta =+25°C) ‘ VICR - " +145 +11 \
o -1 -12 -
Large Signal Voltage Gain (Vo =+10V, R = 10 kQ) AyoL Vimv
TA = +25°C 25 60 B
Ta = 0° to +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 =100 Q,Vcm =0V, Vo =0V) ‘ PSR 70 84 - dB
Power Supply Current (No Load, Vo =0V) . ID uA
Single . | . - 200 250
Dual o - 400 . 500
Quad . B 800 1000
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AC ELECTRICAL CHARACTERISTICS (Vo =+15V, VEE =—15V, Tp = +25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Slew Rate (Vin =-10Vto +10 V, R =10 kQ, C|_= 10 pF, Ay = +1.0) SR 0.6 6.0 - V/us
Settling Time ’ To within 10 mV ts - 1.6 - us
(Ay =-1.0,RL=10kQ, Vo =0Vto+10V) To within 1.0 mV - 2.2 -
Gain Bandwidth Product (f = 200 kHz) GBW 0.6 2.0 - MHz
Equivalent Input Noise Voltage (Rg = 100 Q, f = 1.0 kHz) en - 47 - nV/VHz
Equivalent Input Noise Current (f = 1.0 kHz) in I 0.01 - pA/NHz
Input Resistance Ri - 1012 - Q
Channel Separation (f = 1.0 Hz to 20 kHz) CS - 120 - dB
Figure 1. Maximum Power Dissipation versus Figure 2. Input Bias Current versus
Temperature for Package Variations Input Common Mode Voltage
g 2400 20 T T
=z _ L Veo=+15V
,C:) 2000 3 VEg=-15V
g 8&14 Pin Plastic £ 15f— Ta=25C /
2 1600 \zackage & /
2 - g 7
w4900 SO-14 N, o
3 S~ T 1™ 2 10 /
o N N o
3 soofr S0 TS =
= NSNS = /
= ~ = 50
2 NSSSION )
= 400 S = 1
: i
0 0
-55-40 -20 0 20 40 60 80 100 120 140 160 -10 -5.0 0 5.0 10
Ta, AMBIENT TEMPERATURE (°C) VicR, INPUT COMMON MODE VOLTAGE (V)
Figure 3. Input Bias Current versus Temperature Figure 4. Supply Current versus Supply Voltage
1000 I < 300
< Voo=+15V &
S 100 vgg=-15v E 260
& Vem=0V %
10 > =<
= . £ 220 125°C
S - a 25°C
2 10 > =
o ’ &
§ o R4 z 180 7 “55°C
= ’ g
= oot ~ g
/ a'
0.001 b = =4 = ==="1 £ 100
-55 -25 0 25 50 75 100 125 0 5.0 10 15 20 25
Ta, AMBIENT TEMPERATURE (°C) Voo, | VEe |, SUPPLY VOLTAGE (V)
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Figure 5. Positive Input Common Mode Voltage

Range versus Positive Supply Voltage

Figure 6. Negative Input Common Mode Voltage

Range versus Negative Supply Voltage

2 r -2
g 2] A e P TT
S o8 g - -1
z -55°C<Tp <125°C . = -55°C <Ta <125°C Le”
8= 15 - S__-15
= P S .
8¢ 38
5& =Z
Euw 10 2& 10
£0 Zw
w ,‘5 o S
Z3 S
5% s 53 50
g s g5
o R
S o
= S
A T 0
0 5.0 10 15 20 0 -5.0 -10 -15 -20
Vg, POSITIVE SUPPLY VOLTAGE (V) VEE, NEGATIVE SUPPLY VOLTAGE (V)
Figure 7. Output Voltage versus Output Figure 8. Output Voltage versus
Source Current Output Sink Current
20 T T 20 T T
Voo=+15V Voc=+15V
[ Vgg=-15V [~ VEE=-15V
s | = _ |
g 125°C i " 258
:5_2 A N 0] \\
g -55°C 25°C\ 3 ‘ \
Z = -10 125°C 25°C
5 \ \[ 5 |
o
= o
3 \ \ 2
S 50 0 50
o 5 .
= ‘ . o
0 \ 0
0 1.0 20 30 40 50 60 70 80 0 20 40 60 80 10 12 14 16 18 20
lp, OUTPUT SOURCE CURRENT (mA) -0, OUTPUT SINK CURRENT (mA)
Figure 9. Output Voltage Swing Figure 10. Output Voltage Swing
versus Supply Voltage versus Load Resistance
40 T T T 2
= | R =10kQ = =
L 85 [ Secsysizsc £ -~
s 1 26
g P g
§ 25 § o
o e o /
§ 20 > § 22 7/
Z 15 P £ 2
& = 7 Voo=+15V
5 10 5 18 VEg =15V
3 3 / Ta=25°C
9 5.0 P >é 16 / } +—
0 1
0 20 40 60 80 10 12 14 16 1.0k 2.0k 30k 40k 60k 8.0k 10k
Vee, | VEE | SUPPLY VOLTAGE (V) RL, LOAD RESISTANCE ()
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Figure 11. Normalized Gain Bandwidth Figure 12. Open Loop Voltage Gain and
5 Product versus Temperature Phase versus Frequency
2
14 —
§ Vee= M5V 2 20 90 @
[ VEg=-15V = =] 8
= '8 RL=10kQ g NG EE— E’
g 12 CL =100 pF w N Phase S
S Q10 ~ 135 &
= nd = ™ w
< 11 -3 5 N w
@ ~. <] N N <
= T
S 10 % 0 180 %
S
9 09 It S S |—Vee=+15V N N %
N Sea Fiil | VEg=-15V Gain L N 25 Q
2 08 hi g 1O R =10k N ]
z = [—CL=100pF t\ <
S o7 S oo} TA=25C 270
= 6 = [ 1]
Z 0
G 75 50 25 0 25 50 75 100 125 0.1 1.0 10
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (MHz)
Figure 14. Total Output Distortion
Figure 13. Slew Rate versus Temperature versus Frequency
8.0 25 I
R L Voo =+15V
— £, 0 VEg=-15V
g 70 - 5 VT Tp =25°C
= L =
w 4 \\ z
=3 5 15
; 6.0 N a
o N 5
@ A E 10
o \ 3 Ay =100
® 50} veg=+5V = v
VEg=-15V £ O ~ 7
R =10kQ Ay=10 /,/
a0 LAV=110 ) e N
~75 50 -25 0 25 5 75 100 125 10 100 1.0k 10k 100 k
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz)
Figure 15. Output Voltage Swing Figure 16. Open Loop Voltage
versus Frequency Gain versus Frequency
—_ = 100
L 30 3 \\
= =
@ & 8 N
: : N\
7 \ & AN
o 20 o 60 \
< >
5 \ ) N
) L
> Veg=+15V Q
§ 0 LVEE=‘15V \ zZ 40 \
3 Rwakg \\& S Voo =+15V \\
s} Ay=+1.0 = 20 | VEE=-15V
S [1%THD g RL=10kQ AN
= 050, < ~ 050
0 TA=25C | | o LTa=25°C NC
1.0k 10k 100k 1.0M 0.1 10 10 100 1.0k 10k 100k 1.0M 10M
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
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Figure 17. Common Mode Rejection

versus Frequency

140 [T T T T 1T
o - 1
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ARSI 1.0k 10k 100k
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Figure 19. Input Noise Voltage versus Frequency
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100k

Figure 21. Output Impedance versus Frequency

T T TTTII
Veg= +16V
[ Vgg=-15V
Ta=25°C

L/

1.0k

10k
f, FREQUENCY (Hz)

100k
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Figure 18. Power Supply Rejection

versus Frequency
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Figure 20. Open Loop Voltage
Gain versus Supply Voltage
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) Figure 22. Inverter Settling Time
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SMALL SIGNAL RESPONSE
Figure 23. Inverting Figure 24. Noninverting

Voc=+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)

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

LARGE SIGNAL RESPONSE
Figure 25. Inverting Figure 26. Noninverting

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

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

1, TIME (2.0 ps/DIV) t, TIME (2.0 us/DIV)
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Precision Operational
Amplifiers

The LM11C is a precision, low drift operational amplifier providing the best
features of existing FET and Bipolar op amps. Implementation of super gain
transistors allows reduction of input bias currents by an order of magnitude
over earlier devices such as the LM308A. Offset voltage and drift have also
been reduced. Although bandwidth and slew rate are not as great as FET
devices, input offset voltage, drift and bias current are inherently lower,
particularly over temperature. Power consumption is also much lower,
eliminating warm—up stabilization time in critical applications.

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,
active filters, light meters and logarithmic amplifiers.

LM11C, CL

PRECISION

OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

® |ow Input Offset Voltage: 100 uV 1
® | ow Input Bias Current: 17 pA
® | ow Input Offset Current: 0.5 pA PLASﬁ lséUF"::g}((AGE
® Low Input Offset Voltage Drift: 1.0 pV/°C CASE 626
® |ong-Term Stability: 10 uV/year
® High Common Mode Rejection: 130 dB
Representative Schematic Diagram
Balance . Compensation PIN CONNECTIONS
£ 1 y o Vge:
995 Emo 75k Balance [7] 2] Balance
174k F174k )
70k rrfee Veo
3.0pF == Inputg_ [ 5] Output
VEE 18] Compensation
(Top View)
e Q32
Inputs 200 Output
+ o——'& 150
L.
an
ﬂ Q33
S v
a4 ORDERING INFORMATION
Operating
6.2k Device Temperature Range| Package
0 Vee LM11CN,CLN | Tp =0°to +70°C Plastic DIP
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MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vce to VEE 40 Vdc
Differential Input Current (Note 1) [[T») +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 -55to +125 °C

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

Characteristic 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 o - 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 AV|O/AT - 2.0 5.0 - 3.0 - uv/°C
Tiow to Thigh
Input Offset Current Drift AlO/AT - 10 - - 50 - fArPC
Tiow t0 Thigh
Input Bias Current Drift AlB/AT - 0.8 3.0 - 1.4 - pA/°C
Tiow t0 Thigh
Large Signal Voltage Gain AvoL V/mV
Vg =215V, Vout = +12 V, lgyt = 2.0 mA 100 300 - 25 300 -
Tiow to Thigh (Note 5) 50 - - 15 - -
Vg =15V, Voyt = #12 V, Iyt = t0.5 mA 250 1200 - 50 800 ~
Tiow 10 Thigh 100 - - 30 - -
Common Mode Rejection CMR dB
Vg=#15V,-13V VoM <14V 110 130 - 96 110 -
Vg =+15V,-12.5V < VoM < 14V, Tjgw 1o Thigh 100 - - 90 - -
Power Supply Rejection PSR dB
25V<Vg<s+20V 100 118 - 84 100 -
Tiow t0 Thigh 96 - - 80 - -
Power Supply Current Ip - 0.3 0.8 - 0.3 0.8 mA
Tiow to Thigh - - 1.0 - - 1.0
Output Short Circuit Current Isc - +10 - - +10 - mA
Ty = 150°C, Output Shorted to Ground

NOTES: 1. The inputs are shunted by back-to—back diodes for over—voltage protection. Excessive current will flow if the input differential voltage is in excess of
1.0 V if no limiting resistance is used. Additionally, a 2.0 k<2 resistance in each input is suggested to prevent possible latch~up initiated by supply
reversals.

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

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

4. These specifications apply for Veg +2.0 V < Vg < Voc —1.0 V (VEE +2.5 V< VoM < Vo —1.0 V for Tigy to Thigh) and £2.5 V< Vg <20 V
Tiow 10 Thigh: 0°C < Ty < +70°C for LM11C and LM11C.

5. Vout = 11.5 V, all other conditions unchanged.
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Ij. INPUT BIAS CURRENT (pA)

T6Vio, TEMPERATURE COEFFICIENT OF

INPUT OFFSET VOLTAGE (pV/ °C)

COMMON MODE LIMITS (V)

LM11C, CL

Figure 1. Input Bias Current
versus Case Temperature
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-20 VCC/VEE =25V *
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-50 25 0 25 50 75 100 125 150

T, CASE TEMPERATURE (°C)

Figure 3. Temperature Coefficient of Input
Offset Voltage versus Input Offset Voltage
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Figure 5. Common Mode Limits
versus Temperature
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Figure 2. Input Offset Current
versus Case Temperature

N
o

W
S

' Curve 1, VoC/VEE =220V
2,Voo/VEE=+25V /

1/
1/

Iljo: INPUT OFFSET CURRENT (pA)
3 8

=50 25 0 25 50 75 100 125 150
Tc, CASE TEMPERATURE (°C)

Figure 4. Spectral Noise Density
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Figure 6. Common Mode Rejection and
Slew Limit versus Frequency
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Figure 7. Open Loop Voltage Gain
versus Supply Voltage

Figure 8. Output Saturation
versus Load Current
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Figure 9. Power Supply Rejection Ratio Figure 10. Supply Current versus
versus Frequency Supply Voltage
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Figure 11. Open Loop Voltage Gain and Figure 12. Slew Rate versus
Phase versus Frequency External Compensation Capacitor
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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 pF 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 current to 10 mA if the
input leads are pulled to either supply by internal currents.
This precaution is not limited only to 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'EIectrical Connections for Common Amplifier Configurations

Summing Amp (Inverting)

Noninverting Voltage
R1 R2 Ri R2 Follower
Input O—A\\A—1 _[4\/\/\/—‘
AN = > >
Output Output o:g Qutput
+ Input + Input +
R3 '
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Figure 15. Input Protection for Figure 16. Input Protection for
Summing (Inverting) Amplifier a Voltage Follower
R3 n
Input ©
R1
O Qutput R1 Output
Input
R3 < 10k 10k

Current is limited by R1 in the event the input g(zlg:;sfr::]g:lgn\%iig)el,R;ov\:llernstgsrz?f l;l;
is connected to a low impedance source turned off, or output is shorted.

outside the common mode range of the

device. Current is controlled by R2 if one

supply reverses. R1 and R2 do not affect

normal operation.

Figure 17. Cable Bootstrapping and Input Shields

C
1l
° 1
R1
r—VW—19
—O Output
Input Input o—q——i
1 »—O Output
I° _
= R
An input shield bootstrapped in a voltage - . ) .
follower reduces input capacitance, leakage, In a summing amplifier the input is at virtual
and spurious voltages from cable flexing. A ground. Therefore the shield can bg
small capacitor from the input to ground will grounded. A small feedback capacitor will

prevent any instability. insure stability.

Figure 18. Adjusting Input Offset Voltage with Balance Potentiometer

Vee
Minimum

Adjustment Range R

(mV) Q)
+0.4 1.0k
o—-= +1.0 3.0k
Outout +2.0 10k
Inputs N P! 150 100 K

Input offset voltage adjustment range is a function of the Balance
Potentiometer Resistance as indicated by the table above. The
potentiometer is connected between the two “Balance” pins.
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@ MOTOROLA LM301A
n H H] -
Operational Amplifiers
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. OPERATIONAL AMPLIFIERS
® | ow Input t t: 20 nA Maxi Te ture R
ow Input Offset Current: 20 . aximum Over emperature Range SEMICONDUCTOR
® External Frequency Compensation for Flexibility TECHNICAL DATA
® Class AB Output Provides Excellent Linearity
® Qutput Short Circuit Protection
® Guaranteed Drift Characteristics
8
1
Figure 1. Standard Figure 2. Double-Ended N SUFFIX
Compensation and o - Limit Detector PLASTIC PACKAGE
Offset Balancing Circuit ? Ve CASE 626
v Vur
EE
Inverting
Input Vo
Nqn— Output
inverting v v Mz4622 or Eqiv.
Balance Vi @
Balance @Compen ¢
51MQ !
it Vo D SUFFIX
Pu— PLASTIC PACKAGE
20k VEE Vo =4.8Vior CASE 751
= - ViTsViIsvyT (SO-8)
Vge  Vo=-04V
Vi< ViTorVy>Vyr
(Pins Not Shown Are Not Connected)
Figure 3. Representative Circuit Schematic
Balance O © Compensation
./T pj O Veo PIN CONNECTIONS
Inputs Balance [i] [8] Compensation
o X
+ 2} Voo
Inputs
500 gt '5“ ] O Output : 8] Output
o-—o- VEE 5] Balance
[ 50
(Top View)
"/‘—“"‘.
L
450 J l: ORDERING INFORMATION
: Operating
) 40k 4k 80 k ' Device | Temperature Range Package
R ‘ LM301AD _oe o S0-8
5k 20k 310k 10k [M3O1AN | TASOTO+70°C 1 e DIP
. ' O Vgg LM201AD _ oo . SO-8
250 Balance© LM201AN | TA=—25°10485C | b hic DIP
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MAXIMUM RATINGS

Value
Rating Symbol LM201A LM301A Unit

Power Supply Voltage Vcc, VEE +22 +18 Vdc
Input Differential Voltage ViD [e——— 30— \
Input Common Mode Range (Note 1) VICR [ €e——— 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

Operating Ambient Temperature Range iy —-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 (Ta = +25°C, unless otherwise noted.) Unless otherwise specified, these specifications apply for
supply voltages from +5.0 V to £20 V for the LM201A, and from £5.0 V to 15 V for the LM301A.

LM201A LM301A
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 50 k) Vio - 0.7 2.0 - 20 7.5 mV
Input Offset Current llo - 1.5 10 - 3.0 50 nA
Input Bias Current B - 30 75 - 70 250 nA
Input Resistance T 1.5 4.0 - 0.5 2.0 - MQ
Supply Current IcC/IEE mA
VCC/VEE =120V - 1.8 3.0 - - -
VCC/VEg =115V - - - - 1.8 3.0
Large Signal Voltage Gain Ay 50 160 - 25 160 - VimV
(Vcc/VEE=%15V, Vo =+10V, R > 2.0 kQ)
The following specifications apply over the operating temperature range.
Input Offset Voltage (Rg < 50 k) Vio - - 3.0 - - 10 mv
Input Offset Current lo - - 20 - - 70 nA
Avg Temperature Coefficient of Input Offset Voltage AV|Q/AT - 3.0 15 - 6.0 30 uv/ec
Ta(min) < Tp < Tp (max)
Avg Temperature Coefficient of Input Offset Current Alo/AT nA/°C
+26°C < Tp < Tp (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 =115V, Vo =210V, R > 2.0 kQ)
Input Voltage Range VICR \
Vee/VEE =20V -15 - +15 - - -
VcC/VEg =115V - - - -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 - \
(Veo/VEE =+15 V, R = 10 kQ, R > 2.0 kQ) +10 +13 - +10 +13 -
Supply Currents (Ta = Ta(max), Vcc/VEE =20 V) Icc/lEE - 1.2 25 ~ - - mA
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Figure 4. Minimum Input Voltage Range

Figure 5. Minimum Output Voltage Swing
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Figure 10. Voltage Follower Pulse Response

LM301A LM201A

Figure 11. Open Loop Frequency Response
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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
® |ow Input Bias and Offset Currents

® Low Input Offset Voltage and Guaranteed Offset Voltage Drift
Performance '

® High Input Impedance

Frequency Compensation

Standard Compensation Modified Compensation
Invertin R2
lnpu% Inverting _ R1
inverti Input
Noninvertin
lnptﬂ Noninverting_ R3 Output
Input Compen B
100pF7R

Standard Feedforward Feedforward Compensations for

Compensation Decoupling Load Capacitance
10k 50pF Rg> 10k 100k
Input @-\W\ =[5 Input!
A0, ‘ y
3 0.01 puF
—@ Output Output
Compen B
3.0k oL
= 75pFto
10 pF = T10F T
Compen A:L: Compen A= = 0.01uF
5
1gp»5X10 oF

R2

LM308A

" SUPER GAIN

OPERATIONAL AMPLIFIER

SEMICONDUCTOR
TECHNICAL DATA

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

Compen A [8] CompenB

Input Yee

nputs 6] Output
Vee [4] NC

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range Package
LM308AN 5 o Plastic DIP
LM30BAD | TA=07t0+70°C S0-8
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MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage ' Ve, VEE +18 Vdc
Input Voltage (See Note 1) \ +15 v
Input Differential Current ( See Note 2) [T») +10 mA
Output Short Circuit Duration tsc Indefinite
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range ngg —65 to +150 °C
Junction Temperature T +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, uniess some limiting resistance is used.

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

Characteristic 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 fi 10 40 - MQ
Power Supply Currents Icc, e - +0.3 +0.8 mA

(Vcc=+15V,VEg=-15V)

Large Signal Voltage Gain AvoL 80 300 - Vimv

(Voo =+15V, VEE=-15V, Vo =10V, R 2 10 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 input Offset Voltage AV|O/AT - 1.0 - 5.0 uv/ec
TA (min) < Ta < Ta (max)

Average Temperature Coefficient of Input Offset Current Aljo/AT - 2.0 10 pA/°C

Input Bias Current B - - 10 nA

Large Signal Voltage Gain AvoL 60 - - VimV
(Vcc +15V, VEE=-15V, Vo =£10V, R|_ 2 10 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
(Rs < 50 kQ)

Output Voltage Range VOR +13 +14 - \

(Vcc=+15V, VEg =-15 V, R = 10 kQ)
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Figure 2. Maximum Equivalent Input Offset

Figure 1. Input Bias and Input Offset Currents . Voitage Error versus Input Resistance
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LM308A
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 cieaned
with alcohol and blown dry with compressed air. After
cleaning, the boards should be coated with epoxy or silicone
rubber to prevent contamination.

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

>—o Output

LM101A (3)
or equiv

(1) Power Bandwidth: 250 kHz
Small Signal Bandwidth:
3.5 MHz
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.

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
Input
Q1
Sample
»—® Qutput
1.0 uF (1) 30pF

T

(1) Teflon, Polyethylene or Polycarbonate
Dielectric Capacitor

Figure 9. Connection of Input Guards

6X10-8
(2C5=—",

Inverting Amplifier

R1 R2
Input

Output Input
R3 (1)
C1

(1) Used to compensate for large source resistances.

Follower

Noninverting Amplifier

R2
— W\

Output

Output
R1

I—w—

C1
Input

R1R2
R1+R2

Note: must be an impedance.
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Representative Circuit Schematic

Compengaﬁon Ao Compensation B

O Vee
J ) 35k 56k3 $7.5k .
174k 174K L\/’—‘ '
4

T
} 80k
Inputs |20k 20k
+ O _

~ LN

r/lmk

15pF

200

Ksjo Output

150

e

O Vgg
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Highly Flexible Voltage
Comparators

The ability to operate from a single power supply of 5.0 Vio 30 Vor+15V
split supplies, as commonly used with operational amplifiers, makes the
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 Vo 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 LM211/LM311 can be used to
drive relays, lamps or solenoids.

Typical Comparator Design Configurations

Split Power Supply with Offset Balance

Single Supply

Output

Output

Ground-Referred Load

Inputs 3

Output Output

VEE = VEE

LM311
LM211

HIGH PERFORMANCE
VOLTAGE COMPARATORS

SEMICONDUCTOR
TECHNICAL DATA

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

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

Load Referred to Positive Supply

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

Strobe Capability

PIN CONNECTIONS

Gnd[7] [s] Vec
7
Inputs 7] Output
(6] Balance/Strobe
VEE [4] 5] Balance

(Top View)

MOTOROLA ANALOG IC DEVICE DATA

Output
ORDERING INFORMATION
Operating

TTL Strobe Device Temperature Range Package
LM211D Ta =25°t0 +85°C SO-8
LM311D o o SO-8
IM3tIN | TA=OT+70°C 1 pgic DIP
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LM311 LM211

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

" Rating Symbol LM211 LM311 Unit
Total Supply Voltage Ve +IVEg! 36 36 Vdc
Output to Negative Supply Voltage Vo -VEE 50 40 Vde
Ground to Negative Supply Voltage VEE 30 -30 - Vde
Input Differential Voltage Vip +30 1 +30 Vdc
Input Voltage (Note 2) Vin +15 +15 Vdc
Voltage at Strobe Pin - VectoVee-5 | VectoVee-5 Vdc
Power Dissipation and Thermal Characteristics
Plastic DIP Pp 625 ‘ mw
Derate Above Tp = +25°C 1/6JA 5.0 mW/°C
Operating Ambient Temperature Range TA —25 to +85 0to +70 °C
Operating Junction Temperature TJ(max) +150 +150 °C
Storage Temperature Range Tstg —65 to +150 65 to +150 °C

ELECTRICAL CHARACTERISTICS (Vg =+15V, VEE =-15V, Tp = 25°C, unless otherwise noted [Note 1].)

LM211 LM311
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Note 3) Vio mV
Rs < 50 kQ, T = +25°C - 0.7 3.0 - 2.0 75
Rg < 50 kQ, Tjow < TA < Thigh” - - 4.0 - - 10
Input Offset Current (Note 3) Tp = +25°C ) o - 1.7 10 - 17 50 nA
Tlow < TA < Thigh" - - 20 - - 70
Input Bias Current Tp = +25°C iB - 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 ) \
VIp<£-5.0mV, [o =50 mA, Tp =25°C - 0.75 1.5 - - -
V|p =10 mV, Ig = 50 mA, Ta = 25°C - - - - 0.75 1.5
Vcc24.5V, VEE =0, Tiow < TA < Thigh”
VID £56.0 mV, Igjnk < 8.0 mA - 0.23 0.4 - = -
VID ££10 mV, Igjnk < 8.0 mA - - - - 0.23 0.4
Strobe "On” Current (Note 5) Is - 3.0 - - 3.0 - mA
Output Leakage Current :
VID 2 5.0 mV, Vo= 35V, Ta = 25°C, lstrobe= 3.0 mA - 0.2 10 - - - nA
VID > 10 mV, VO= 35V, TA = 25°C, lstrobe= 3.0 mA - - - - 0.2 50 nA
VID>5.0 mV, VO=35V, Tiow < TA < Thigh - 0.1 0.5 - - - HA
Input Voltage Range (Tjow < TA < Thigh”) VICR -145 |[-14.7t0 | +13.0 -145 |-147t0 | +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 =-25°C for LM211 Thigh = +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 sgrobé pin to ground; it should be current driven at 3.0 mA to 5.0 mA.
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Figure 1. Circuit Schematic

800 g 800
Balance

Balance/Strobe

Figure 2. Input Bias Current

Figure 3. Input Offset Current

versus Temperature versus Temperature
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= Vog=+15V = Veo=+15V
z VEE=-15V z VEE=-15V
= 120 — £ 40 -
E /J% \\ E Pins 5 \t} 6 Tied
toVee
3 100 Pins 5 & 6 Tied N 3 30
@ to Voo = -
5 80 Normal 5 20 b=l
= s 5 7
- I
2 4 ] £ 10 Normal
e | 1
0 0 [
-55 -25 0 25 50 75 100 125 -55 -25 0 25 50 75 100 125
Ta, TEMPERATURE (°C) Ta, TEMPERATURE (°C)
Figure 4. Input Bias Current versus Figure 5. Common Mode Limits
Differential Input Voltage versus Temperature
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Figure 6. Response Time for

Figure 7. Response Time for

u>7 Various Input Overdrives . Various Input Overdrives
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E 40 — 50V = 40 T 0
5 Mm > | 20m
S 30 “ — E - - = 1
S 20 <7/ in vo ] S 20 5my
s IS /) | 2omy [ 7 =5 "3
w 11 =
o] Voo = +15V £ -
=4 cc=+ 1 | Voc= +15V
5 1w VEE=-15V & 0 VEE=-15V | |
g 50 TaA=+25°C T £ 50 Ta=+25°C ]
2 O 1 g - 1
=
= 0 0.1 02 03 04 05 06 § 0 0.1 0.2 0.3 0.4 05 0.6
= tTLH, RESPONSE TIME (us) e tTHL, RESPONSE TIME (us)
=
Figure 8. Response Time for Figure 9. Response Time for
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Figure 10. Output Short Circuit Current Figure 11. Output Saturation Voltage
Characteristics and Power Dissipation versus Output Current
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Figure 12. Output Leakage Current

Figure 13. Power Supply Current

versus Temperature versus Supply Voltage
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APPLICATIONS INFORMATION
Figure 15. Improved Method of Adding
Hysteresis Without Applying Positive Figure 16. Conventional Technique
Feedback to the Inputs for Adding Hysteresis
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Input ©
Output —o Output
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LM311 LM211
TECHNIQUES FOR AVOIDING OSCILLATIONS IN COMPARATOR APPLICATIONS

When a high speed comparator such as the LM211 is used
with high speed input signals and low source impedances,
the output response will normally be fast and stable,
providing the power supplies have been bypassed (with 0.1 uF
disc capacitors), and that the output signal is routed well
away from the inputs (Pins 2 and 3) and also away from Pins
5 and 6. :

However, when the input signal is a voltage ramp or a slow
sine wave, or if the signal source impedance is high (1.0 kQ
to 100 k<), the comparator may burst into oscillation near the
crossing—point. This is due to the high gain and wide
bandwidth of comparators like the LM211 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 puF 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. For the fastest response time, tie both balance
pins to V.

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 kQ, 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

Voo =+15V

Balance
Adjust

10k
Balance

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 LM211 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 LM211, 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 LM211.

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 kQ, 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 LM211 are connected to active
signals, or if a high-impedance signal is driving the positive
input of the LM211 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 sufficient to 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

2N2222

or Equiv
*Zener Diode D1
protects the comparator
from inductive kickback
and voltage transients
TTL on the Vo supply line.
Strobe
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(M) mororoLa LM324, LM324A,

LM224, LM2902,
LM2902V

Quad Low Power
Operational Amplifiers

The LM324 series are low—cost, quad operational amplifiers with true QUAD DIFFERENTIAL INPUT
differential inputs. They have several distinct advantages over standard OPERATIONAL AMPLIFIERS
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 SEMICONDUCTOR
a per amplifier basis). The common mode input range includes the negative TECHNICAL DATA
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

® N SUFFIX

® Single Supply Operation: 3.0 Vto 32 V PLASTIC PACKAGE

® Low Input Bias Currents: 100 nA Maximum (LM324A) (Lh,,cz’;ii?\:g%

® Four Amplifiers Per Package LM2902 Only)

® Internally Compensated

® Common Mode Range Extends to Negative Supply

® Industry Standard Pinouts D SUFFIX

® ESD Clamps on the Inputs Increase Ruggedness without Affecting PLA?;?gEP?;iAGE
Device Operation (SO-14)

PIN CONNECTIONS

U/
Out 17 4] Out 4
& i
. Inputs 1 { 4 } Inputs 4
MAXIMUM RATINGS (Tp = +25°C, unless otherwise noted.) H 12]

LM224 LM2902, vee [2] @ Ve, Gnd
Rating Symbol | LM324, LM324A LM2902V Unit E [0]
Power Supply Voltages Vde Inputs 2 {E 5] } Inputs 3
Single Supply Vee 32 26
Split Supplies Vee: VEE +16 +13 Out2[7] (8] Out3
Input Differential ViDR +32 +26 Vde .
Voltage Range (See (Top View)
Note 1)
Input Common Mode VICR -0.31032 -0.3t026 | Vdc ORDERING INFORMATION
Voltage Range Operating
Output Short Circuit tsc Continuous LMDZeS)‘:)I;; Temperature Range chok—af:
Duration - - o o
LMgoaN | A= 4070 +105°C o o DI
Junction Temperature T, 150 °C
p J LM2902VD[" & _ 401 105G Sso-14
Storage Temperature Tstg -65 to +150 °C LM2902VN Plastic DIP
Range LM224D T = —25° to +85°C 80'_14|
Operating Ambient TA —2510+85 | —40to+105 | °C LM224N Plastic DIP
Temperature Range Oto +70 —40to +125 LM324AD SO-14
NOTE: 1. Split P Suppli LMS24AN T, 0° to +70°C Plastic DIP
HE it Fower Su| les. = +
’ o LM324D A S0-14
LM324N Plastic DIP
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LM324, LM324A, LM224, LM2902, LM2902V

ELECTRICAL CHARACTERISTICS (VCC 5.0 V, VEg = Gnd, TA = 25°C, unless otherwise noted.)

LM224 LM324A LM324 LM2902 © LM2902V

Characteristics Symbol [ Min | Typ | Max | Min [ Typ | Max | Min | Typ | Max |Min | Typ | Max | Min | Typ | Max | Unit

Input Offset Voltag_e Vio mv
Vec=50V1t030V '
(26 V for LM2902,
V),ViIcr=0Vto
Vec-1.7V, Vo =
14V,Rg=0Q
Ta=25°C - {20 |50 ] -[20|30 |~ |20 |70 |- |20]70|-|201}70
Ta = Thigh(!) - -] ]-]-]so|-]-]eo]|-]-|1w0]|-|f-]n13
Ta = Tiow(! - - 70 | - - 50 | - - 90 | - - |10 | - - 10

Average Temperature | AV|o/AT | -~ 7.0 - - 7.0 30 - 7.0 - - 7.0 - - 7.0 - uv/rC
Coefficient of Input
Offset Voltage

Ta= Thigh to TIOW(1)

Input Offset Current o - 3.0 30 - 5.0 30 - 5.0 50 - 5.0 50 - 5.0 50 nA
TA = Thigh to Tiow!" - - 100 | - - 75 - - 150 | - - 200 | - - 200

Average Temperature Alo/AT - 10 - - 10 300 - 10 - - 10 - - 10 - pA/°C
Coefficient of Input
Offset Current

TA=Thigh to T|°w(1)

Input Bias Current B - |[-90 |{-150}| - | 45 | -100| - | -90 [-250 | — | -90 | 250 | - -90 | 250 | nA
TA = Thigh 10 Tiow(") - - |-s00) - | - |-20| - | - |-600| - | - |-800[ - | - |-500

Input Common Mode VicrR \

Voltage Range(@)

Voo =30V (26 Vfor 0 - 28.3 0 - 28.3 0 - 28.3 0 - 243 0 - 24.3

LM2902, V)

Ve =30V (26 Vfor o| - |2 o} - |28 |o]| - |2 ]|]0o| - |2 o] - |2
LM2902, V),

TA = Thigh t0 Tiow

Differential Input ViDR - - Vee | - - Vee | - - Vee | - - Vee | - - Vee \
Voltage Range

Large Signal Open AvoL VimV
Loop Voltage Gain

Ry =2.0kQ, Voo = 50 100 - 25 100 - 25 100 - 25 100 - 25 100 -
15V, for Large Vg 25 - - 15 - - 15 - - 15 - - 15 - -
Swing, Ta = Thigh
to T|°w(1)

Channel Separation cs - | -120 - - | -120 - - | -120 - - | =120 - - | =120 - dB
10 kHz < f <20 kHz, :
Input Referenced

Common Mode CMR 70 | 85 - 65 | 70 - 65 | 70 - 50 | 70 - 50 | 70 | - dB
Rejection, Rg < 10 kQ \

Power Supply PSR 65 | 100 - 65 | 100 - 65 | 100 - 50 | 100 - 50 | 100 - dB
Rejection

Output Voltage—High VoH ' \
Limit (Tp = Thj
Tlow)ﬁ 1.;\ high to

Veo=50V, R = 33|35 | - |sa|as | - |as|35 | - |as|as5| - |33 a5 | -
2.0k, Tp = 25°C .

Vec =30V (26 V for 26 - - 26 - - 26 - - 22 o= - 22 - -
LM2902, V),
RL=20kQ

Vcc =30V (26 V for 27 28 - 27 28 - 27 28 - 23 24 - 23 24 -
LM2902, V),
RL=10kQ

NOTES: 1. Tjoy = —25°C for LM224 Thigh = +85°C for LM224
= 0°C for LM324, A = +70°C for LM324, A
= —40°C for LM2902-, = +105°C for LM2902
= —40°C for LM2902V =+125°C for LM2902V
2. The input common mode voltage or either input signal voltage should not be aliowed to go negative by more than 0.3 V. The upper end of the
common mode voltage range is Vg —1.7 V.
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LM324, LM324A, LM224, LM2902, LM2902V

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

LM224 LM324A LM324 LM2902 LM2902Vv
Characteristics Symbol | Min | Typ | Max |Min | Typ [ Max |Min | Typ | Max |Min | Typ | Max | Min | Typ | Max | Unit
Output Voltage ~ Low VoL - 5.0 20 - 5.0 20 - 5.0 20 - 5.0 100 - 5.0 100 mV
Limit, Voo =5.0V, R
=10kQ, Ta = Thigh to
Tiow) 9
Output Source Current lo+ mA
(Vip=+1.0V,Vcc =
15V)
Ta =25°C 20 40 - 20 40 - 20 40 ~ 20 40 - 20 40 -
TA = Thigh to Tiow(" 10f2 | - |10]2 | - [10]| 2 } - |10] 2 | - f10] 20 | -
Output Sink Current lo- mA
(Vip=-1.0V,Vcc= 0|2 | - |10f2 | - [10]2 |- J10]| 20| - f10] 2 | -
15V) Tp = 25°C
TA = Thigh to Tiow(" 50|80 | - (50|80 | - |50f80]| - (50|80 | - |50 80| -
(Vip=-10V, Vo= 2|5 | - 125 | - 12585 |-|-| - - 1- - - A
200 mV, Tp = 25°C)
Output Short Circuit to Isc - 40 60 - 40 60 - 40 60 - 40 60 - 40 60 mA
Ground
Power Supply Current lcc mA
(TA =Thigh t Tiow)
Ve =30V (26 Vfor - - 3.0 - 1.4 3.0 - - 3.0 - - 3.0 - -~ 3.0
LM2902, V),
Vo=0V,R =
Voo =50V, - - |12 |- o7 [12]-| - [12]- - 12| - - |12
Vo=0V,R ==
NOTES: 1. Tjgy = ~25°C for LM224 Thigh = +85°C for LM224
= 0°C for LM324, A = +70°C for LM324, A
= —40°C for LM2902 = +105°C for LM2902
= —-40°C for LM2902V = +125°C for LM2902V

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

Representative Circuit Diagram

T

(One—-Fourth of Circuit Shown) Bias Circuitry
Common to Four
Output Amplifiers
\ 4 L 4 ’ O
- ats S ' 11 vee
Q16 |\;— Ra—y| Q14 l Q22 i
Q13 | — |
40k [ {
Q19
X x |
. ) | [
5.0
| (p Q12 3 | | |
25% | Qo3 |
4
+o . M }
|
|
|
|
|
|
|
|
|
|

I
|
|
|
|
|
I
I
|
|
|

__L/?g
; Ql
Q8 Q10 24k é
[ 1l
. * 0 VEg/Gnd
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LM324, LM324A, LM224, LM2902, LM2902V
CIRCUIT DESCRIPTION

The LM324 series is made using four 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.

Single Supply

3.0 Vto Voo(max
e —o

2

3

)

4

2

= VEE/Gnd

OOOQOO??

Largé Signal Voltage Follower Response

Voo =15Vde
R =2.0kQ
Tpa=25°C

1.0 VDIV

:e:e/
/

5.0 ps/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 E———_I
2 1 0 = 15Vt Vee(max)
g 2 o
o- lo =
O

4 1.5V to VEE(max)
Vee L___J
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LM324, LM324A, LM224, LM2902, LM2902V

Figure 1. Input Voltage Range

Figure 2. Open Loop Frequency

20 120
o _ RLN
_ T 100 Voo=15V | 11|
E 16 2z N VEE = Gnd
[CRT 4’/ 23 a N Ta=25C _| ||
= @ w
3 12 i d @ ™N
c /z g5 ®
> 10 " 7 3 g N
g 80 Negative // o 40
= o / 7 posit g o
= y ositive <9 ™
L 60 / v = 20
40 A o NN
vl S o
0 -20
0 20 40 60 80 10 12 14 16 18 20 1.0 10 100 1.0k 10k 100k  1.0M
+Voo/Veg, POWER SUPPLY VOLTAGES (V) f, FREQUENCY (Hz)
Figure 4. Small-Signal Voltage Follower
Figure 3. Large—-Signal Frequency Response Pulse Response (Noninverting)
1 T T 711 550
B RL=2.0kQ o
= 12 \ Veo=15V s %
w \ B = Input
1G] 10k VEE =Gnd W 450
B Gain =-100 o} r4
= \ " 2 Output aN
= Rj=1.0kQ B 400
g 80 RF =100 kQ <] ¥ /
E 5 350 \
9 60
c N £ 300 A
Z 40 . \ /
E & S 250 Voo =30V
3 \\ = v VEE = Gnd
g 20 Y| 200 |- Tp=25°C
= 0 Cp =50 pF
1.0 10 100 1000 0 10 20 30 40 50 60 70 80
f, FREQUENCY (kHz) 1, TIME (us)
Figure 5. Power Supply Current versus Figure 6. Input Bias Current versus
Power Supply Voltage Power Supply Voltage
24 T 1
= 21 Ta=25°C
E RL= o Eal
% 1.8 E -~
15 4 N
8 ——‘-"""————‘ %
> 12 o
= 2]
& < g
> 09 o
4 5
oc
% 0.6 2
% 03 e
Q
£ 70
0 5.0 10 15 20 25 30 35 0 20 40 60 80 10 12 14 16 18 20
Vcc, POWER SUPPLY VOLTAGE (V) Ve, POWER SUPPLY VOLTAGE (V)
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Figure 7. Voltage Reference -

Vin C1

o

Ol=
> T

>

<
<

‘eg=C(1+a+b)(ep-eq)

LLM324, LM324A, LM224, LM2902, LM2902V

Figure 8. Wien Bridge Oscillator

30K
5.0k
10X N
+ ‘
1 =
Vret =3 VeC
i
C

o Vo

1

fo=2xRC
For: f5 =1.0kHz

R=16kQ
C=0.01pF

Figure 10. Comparator with Hysteresis

Hysteresis
]
|
I
|

R1
VinL = R Ra (VOL = Vref) + Vret

Rt
VinH= Ry Re (VOH = Vref) + Vref

H=

m +r2 (VoH-Vou

Vinle VinH
Vref

Figure 11. Bi-Quad Filter

o

TN = Passband Notch Gain

R
-
0~ 2 nRC
R1= QR 1
Vigt= 5 Vi
R2= 1!?_1 ref=75 VCC
BP
100k R3=TNR2
o C1=10C
For. fo = 1.0kHz
Vref Q=10
R3 Tgp =1
rd\/\/\'— TN =1
C1
o———|(———eNotchOutput R =160kQ
o C =0.001uF
R1 =1.6 MQ
Vret Where: Tgp = Center Frequency Gain R2 =1.6MQ
R3 =16 MQ
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LM324, LM324A, LM224, LM2902, LM2902V

Figure 12. Function Generator

1 .
V=g Veo Tl e el
v 300 k
ref &
O Ra O
75k
o o—9—o
1 05‘; o Square
>— _.| e___._ Wave
c Vref Output
Ry
R1+R;
- C fR3 = R2 R1
4 CRjR1 R2 +R1

Figure 13. Multiple Feedback Bandpass Filter

Vin

Co=10C

L Vit = 1
Vret =3 VoC

Given: fy = center frequency
A(fo) = gain at center frequency

Choose value f, C

. Re= —2
Then:  R3= 55

R3
Rl=Zam)
R1R3
9= —
R 4Q2R1-R3

Qo
For less than 10% error from operational amplifier, ;_Wo <01

where f,, and BW are expressed in Hz.

If source impedance varies, filter may be preceded with
voltage follower buffer to stabilize filter parameters.
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Quad Single Supply
Comparators

These comparators are designed for use in level detection, low-level
sensing and memory applications in consumer automotive and industrial
electronic applications.

Single or Split Supply Operation

Low Input Bias Current: 25 nA (Typ)

Low Input Offset Current: £5.0 nA (Typ)

Low Input Offset Voltage: £1.0 mV (Typ) LM139A Series
Input Common Mode Voltage Range to Gnd

Low Output Saturation Voltage: 130 mV (Typ) @ 4.0 mA
TTL and CMOS Compatible

ESD Clamps on the Inputs Increase Reliability without Affecting Device
Operation

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vee Vde
LM239, A/LM339A/LM2901, V +36 or +18
MC3302 ' . +30 or £15
Input Differential Voltage Range VIDR Vdc
LM239, A/LM339A/LM2901, V 36
MC3302 30
Input Common Mode Voltage Range VICMR -0.3to Voo Vdc
Output Short Circuit to Ground (Note 1) Isc Continuous
Power Dissipation @ Tp = 25°C Pp
Plastic Package 1.0 w
Derate above 25°C 8.0 mW/°C
Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA °C
LM239, A —25to +85
MC3302 —40 to +85
LM2901 —-40 to +105
LM2901V —-40to +125
LM339, A 0to +70
Storage Temperature Range Tstg —65 to +150 °C

NOTE: 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 excessive heating and eventual destruction.

Figure 1. Circuit Schematic
Vee o o + Input ~Input o o Output

;
P =

N\

+——e . gG;d - -+
NOTE: Diagram shown is for 1 comparator.

LM339, LM339A,
LM239, LM239A,
LM2901, M2901V,

MC3302

14
1

N, P SUFFIX

PLASTIC PACKAGE

CASE 646

R

1

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

PIN CONNECTIONS

/

Qutput 2 E E Output 3
Output 1 [ 2] 13 | Qutput 4
Vee E 2] Gnd
—input1 [4] (11 ] + Input 4
+Input 1 [5] 10 ]~ Input 4

- Input 2 I—_e__

+Input 2 E

(Top View)

j : i I:E] +Input 3
(8 ] ~input 3

ORDERING INFORMATION

Operating
Device Temperature Range | Package
LM239D,AD e SO-14
LM23IN.AN | TA=25°10485°C | oo pyip
LM339D, AD ] . SO-14
LM339N, AN | TA=0°10+70°C | pcic DIP
LM2901D o | SO-14
LM290IN | TA= 4070 +105°C | oy e DIP
LM2901VD e | SO-14
LM2901YN | TA= 40710 +125°C ) o Chic DIP
MC3302P | Ta = -40°to +85°C | Plastic DIP
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

ELECTRICAL CHARACTERISTICS (Vg = +5.0 Vdc, Ta = +25°C, unless otherwise noted)

LM239A/339A LM239/339 LM2901/2901V MC3302
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ [ Max | Unit
Input Offset Voltage (Note 4) Vio - |#1.0 |20 | - [+20|45.0| - |{+2.0|+70| - [£3.0|£20 | mvdc
Input Bias Current (Notes 4, 5) B - 25 | 250 | - 25 250 | - 25 | 250 | - 25 | 500 | nA
(Output in Analog Range)
Input Offset Current (Note 4) o — |4#5.0 | #50 | - |45.0 (450 | — |#5.0 (%50 [ - |[#3.0 (¥100| nA
Input Common Mode Voltage Range | V|CMR 0 - |Vec] © - |Vec| O - |Vec| O - |Vec| V
-1.5 -1.5 -1.5 -1.5
Supply Current Icc mA
R = e (For All Comparators) - 0.8 | 2.0 - 08 | 20 - 0.8 | 20 - 0.8 | 2.0
RL = e, Voe = 30 Vde - {10f{25| - (10|25 - |10 |25 - |10 25
Voltage Gain AvoL 50 | 200 | - 50 |200 | - |25 [100| - |25 |100 { - | V/mV
RL215kQ, Vcc = 15 Vde
Large Signal Response Time - - | 300 | - - 300 | - - |300 ]| - - ]300 | - ns
V| = TTL Logic Swing,
Vyef = 1.4 Vdc, VR = 5.0 Vdc,
RL=5.1kQ
Response Time (Note 6) - - 1.3 - - 1.3 - - 1.3 - - 1.3 - us
VRL = 5.0 Vdc, R|_=5.1 kQ
Output Sink Current ISink |'6.0 | 16 - |60 | 16 - | 6.0 | 16 - |60 | 16 - mA
V| (=) 2+1.0 Vdc, Vi(+) =0,
Vo £ 1.5 Vde
Saturation Voltage Vsat - | 130 {400 | — | 130 (400 | — | 130 {400 { — | 130 [ 500 | mV
V|(-) 2 +1.0 Vdg, V|(+) = 0,
lsink < 4.0 mA
Output Leakage Current loL - |01 - - |01 - - |01 - - |01 - nA
Vi(+) 2 +1.0 Vdc, V|(-) =0,
Vo = +5.0 Vdc
PERFORMANCE CHARACTERISTICS (Vig =+5.0 Vde, Ta = Tjow o Thigh [Note 3])
LM239A/339A LM239/339 LM2901/2901V MC3302
Characteristic Symbol | Min | Typ { Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage (Note 4) Vio - - |#40]| - - |90 | - - | +15 | - — | %40 | mVdc
Input Bias Current (Notes 4, 5) B - - | 400 | - - | 400 ] - - | 5800 | - - [1000| nA
(Output in Analog Range)
Input Offset Current (Note 4) o - - (#1150 - - [$150| - - |£200) - - |£300| nA
Input Common Mode Voltage Range | V|CMR 0 - |Vec] © - |Vec| O - |Vec]| © - |Vce \%
-2.0 -2.0 —2.0 -2.0
Saturation Voltage Vsat - - |700 | - - | 700 { - - | 700 | - -~ | 700 | mv
Vi(-) 2 +1.0 Vdc, V|(+) =0,
Isink 4.0 mA
Output Leakage Current loL - - 1.0 | - - 10 | - - 10 | - ~ 1.0 uA
V|(+) 2 +1.0 Vdc, V|(-) = 0,
Vo =30 Vdc
Differential Input Voltage Vip - - |Vec| - - |Vee| - - |Vec| - - |Vece | Vde
All V; 20 Vde

NOTES: 3. (LM239/239A) Tjqy = —25°C, Thigh = +85°
(LM339/339A) Tjoy = 0°C, Thigh = +70°C
(MC83302) Tigy = —40°C, Thjgh = +85°C
(LM2901) Tjoy = —40°C, Thigh = +105°
(LM2901V) Tjoy = ~40°C, Thigh = +125°C
4. At the output switch point, Vo™= 1.4 Vdc, Rg < 100 Q 5.0 Vdc < Vo < 30 Vdc, with the inputs over the full common mode range
(0 Vdc to Vo —1.5 Vdc).
5. The bias current flows out of the inputs due to the PNP input stage. This current is virtually constant, independent of the output state.
6. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 2. Inverting Comparator . - Figure 3. Nohinver‘ting Comparator

with Hystersis ‘ with Hysteresis
+Vee
Rref
10k
—oVo
Vip
_ _VcehRt
ref = Reor + R1
1.0M ref +
R3 = R1//Ryef// R2 2 = R P
= el
R1//Ryef , )
= = Vo(mi Amount of Hysteresis V
H = B0 g + P2 [Vo(max) = Vo(min)l szs H
R2 > Rref //R1 VH= Rz + R [(VO(max) = VO(min)]
Typical Characteristics
(Vce = 15 Vdce, Ta = +25°C (each comparator) unless otherwise noted.)
Figure 4. Normalized Input Offset Voltage Figure 5. Input Bias Current
1.40 48
w
[0} .
< 42 — =
= < —
S 120 ~ S 5% Ta=-55°C /,/‘/ -
] // & | — T sesrc_L—"" |
S 100 S u T Ta=#125C
g A % " ’/\
E _r E
a
§ 0.80 — 2 n
, = 60
0.60 0
-50  -25 0 25 50 75 100 125 . 0 40 80 12 16 20 24 28 3
Ta, AMBIENT TEMPERATURE (°C) : Ve, POWER SUPPLY VOLTAGE (Vdc)
Figure 6. Output Sink Current versus
Output Saturation Voltage
8.0
N TA = 425°C
z 60 w=sc /] /
E 50
=] / TA = +125°C
£ 40 <
z /]
5 30 7
5 /
o 20 / e
0 /1/
VA4
0 100 200 300 400 500

Vsat, OUTPUT SATURATION VOLTAGE (mV)
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Figure 7. Driving Logic

Rg = Source Resistance
R1 = Rg

Vece | RL
Logic Device ) kQ

CMOS [1/4 MC14001} +15 100
TTL  [1/4MC7400 | +5.0 10

Figure 8. Squarewave Oscillator

Veez4.0V

100k < 10k

VWV

Vee

T1=T2=0.69 RC
(12
C(uF)
R2=R3=R4
Rt =~ 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 VoRH). To alleviate this
situation input resistors < 10 kQ should be used. The addition

Figure 9. Zero Crossing Detector
(Single Supply)

of positive 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 — e
2 10k
) *—o Vo

Vin Veo T

|
= Vo q— c)

VEE ! j« AO®
D1 prevents input from going negative by more than 0.6 V. VEE il L
R1+R2=R3
R5 . :
R3< 0 for small error in zero crossing
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LM348
2

Differential Input

Operational Amplifier DIFFERENTIAL INPUT

The LM348 is a true quad MC1741. Integrated on a single monolithic chip OPERATIONAL AMPLIFIER
are four independent, low power operational amplifiers which have been
designed to provide operating characteristics identical to those of the
industry standard MC1741, and can be applied with no change in circuit SEMICONDUCTOR
performance. In addition, the total supply current for all four amplifiers is TECHNICAL DATA
comparable to the 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.
The LM348 can be used in applications where amplifier matching or high
packing density is important. Other applications include high impedance

buffer amplifiers and active filter amplifiers.

® Each Amplifier is Functionally Equivalent to the MC1741 14@

® | ow Input Offset and Input Bias Currents 1

® Class AB Output Stage Eliminates Crossover Distortion

® Pin Compatible with MC3403 and LM324 D SUFFIX

® True Differential Inputs ) PLASTIC PACKAGE
® nternally Frequency Compensated C?S,ngi;A

® Short Circuit Protection

L]

Low Power Supply Current (0.6 mA/Amplifier)

PIN CONNECTIONS

Out1 E E Out4
(] 2]
Representative Schematic Diagram Inputs 1 { ] Inputs 4
(1/4 of Circuit Shown) E EI

vee (4] ] vee
y — ! J oee [ o]
Nonlinvetrting Inputs 2 [ E:l}—} l—él:g } Inputs 3
i soks = m 25 out2 [7] (s ] out3
vetng A [T N O 25i ! Output )
Input O i< O (Top View)
1)

ORDERING INFORMATION

10k 1.0k Operating

Device Temperature Range Package

LM348D Ta =0°to +70°C SO-14
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LM348

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

Rating Symbol Value Unit
" Power Supply Voltage Vce +18 Vdc
VEE -18
Input Differential Voltage Vip +36 \
Input Common Mode Voltage VicMm +18 \
Output Short Circuit Duration tsc Continuous
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —55t0 +125 °C
Junction Temperature Ty 150 °C

ELECTRICAL CHARACTERISTICS (Vcg =+15V, VEg =15V, Ta = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Input Offset Voltage (Rg < 10 k) Vio - 1.0 6.0 mV
Input Offset Current o - 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 (R >22.0k, Vo =+10V) AvoL 25 160 - V/mV
Channel Separation (f = 1.0 Hz to 20 kHz) ' - - -120 - dB
Common Mode Rejection (Rg < 10 k) CMR 70 90 - dB
Supply Voltage Rejection (Rg < 10 k) PSR 77 96 -
Output Voltage Swing Vo \

(RL210K) *12 +13 -

(RL>20k) . +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 (Vce =+15V, VEE = -15V, TA = *Thigh 10 Tiow unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Input Offset Voltage (Rg < 10 kQ) Vio - - 7.5 mV
Input Offset Current o - - 100 nA
Input Bias Current [[T:] - - 400
Common Mode Input Voltage Range VICR +12 - - \
Large Signal Voltage Gain (R 22k, Vo =+10V) AvoL 15 - - V/mV
Common Mode Rejection (Rg < 10 k) CMR 70 90 - dB
Supply Voltage Rejection (Rg < 10 k) PSR 77 96 -
Output Voltage Swing Vo \

(RL=10k) +12 +13 -

(RL=2k) +10 +12 -

* Thigh = 70°C. Tiow = 0°C.

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 (V)

4.0

Vo, OUTPUT VOLTAGE (Vpp)
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o

LM348

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

N

Voltage Follower \

THD < 5% \

\
NN
10 100 1.0k 10k 100k
f, FREQUENCY (Hz)
Figure 3. Positive Output Voltage Swing
versus Load Resistance
I
/ +15V Supplies | |

1|
)4 .

al +12V
/i 11
—

) = +90V

11

1 6.0V

[

100 200 500 700 1.0k 20k 50k 7.0k 10k
R, LOAD RESISTANCE (Q)

Figure 2. Open Loop Frequency Response
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100 —
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3
Y
g
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o
>
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>
<C

0
-20
1.0 10 100 1.0k 10k 100k 1.0M 10M
f, FREQUENCY (Hz)
Figure 4. Negative Output Voltage Swing
versus Load Resistance .

T TIIT

14 B o
- B - +15V Supplies | | []
g -12
= y ||
o -1 pd 1
g -1 Y 12V [TT]
5 90 4 T
o
> -80 T
5 70 ———— rryanl
E 60 1110
o -50 |
S 40 — +6.0V 7]

-3.0

S0 T

20 INEN
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Figure 5. Output Voltage Swing versus
Load Resistance (Single Supply Operation)
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Figure 7. Open Loop Voltage Gain
Figure 6. Noninverting Pulse Response versus Supply Voltage

105

: 100

95

90

/ \ Output
] X

5.0 VIDIV

80

AV, VOLTAGE GAIN (dB)

Input

75

70
10 ps/DIV 0 20 40 60 80 10 12 14 16 18 20
Voo, IVEE!, SUPPLY VOLTAGES (V)

APPLICATIONS INFORMATION

Figure 8. Voltage Reference Figure 9. Wien Bridge Oscillator

50k

Vief 04

f_—1
©~ 2nRC

For: fo=1kHz
R= 16 kW
C=0.01pF

1
§ _25v(1+ﬂ) Vet =7 Ve
0 == R2

Figure 10. High Impedance Differential Amplifier Figure 11. Comparator with Hysteresis

Hysteresis

o F
R1 |

o Vo t
I
|

Vref
O

Vin o Vo
VoL e
VinL | VinH
Vref

R1
VinL =Ry Rz (VoL Vref) + Vref

R1
VinH = Ry e (VOH -~ Vref) + Vret

R1
H= 5 re (VoH-Vou

eo=C(1+a+b) (ep—eq)
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LM348

Figure 12. High impedance Instrumentation Buffer/Filter

Vi

1
Vief =5 Voe
Vet

O-¢—e Square Wave
Output

f
_Ri+Rg R2R1

=aChimi I F8=

f “R2+R1

Figure 14. Bi-Quad Filter

f 1
©~ 2nRC
R1=QR
9 Ri
Vin @—— R2= Tap
R3=Ty R2
C1=10C
: fo = 1.0kHz
. *r—=0 .
Vief Bandpass =10
R1 Output Tap=1
R2 =1
A * o Cci
R =160 kQ O¢———— (———e Notch Output
C=0.001 uF Vet =% 7
R1=16MQ © Where:  Tgp = Center Frequency Gain
R2=1.6MQ TN = Passband Notch Gain
R3=1.6MQ Vret
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Figure 15. Absolute Value DVM Front End

0.5 uF
500 k b
MSD6150 500 k
1/4 ul
900k £ 050 | meisos
ey
W\
10M L =
47k - Common Mode Adjust
100 k
_+ Polarity
LM348 Quad Op Amp

Bridge Null Adjust

VEE
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Dual Low Power
Operational Amplifiers

Utilizing the circuit designs perfected for recently introduced Quad
Operational Amplifiers, these dual operational amplifiers feature 1) low
power drain, 2) a common mode input voltage range extending to
ground/VEE, 3) single supply or split supply operation and 4) pinouts
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 V to 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.)

LM358, LM258,
LM2904, LM2904V

DUAL DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

8
1
N SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

LM258 LM2904
Rating Symbol LM358 LM2904V | Unit

Power Supply Voltages Vde

Single Supply Vce 32 26

Split Supplies Vee, VEE +16 +13
Input Differential Voltage VIDR +32 +26 Vdc
Range (Note 1)
Input Common Mode Voltage VICR -0.3t032 | -0.3to26 | Vdc
Range (Note 2)
Output Short Circuit Duration tsc Continuous
Junction Temperature Ty 150 °C
Storage Temperature Range Tstg -5510 +125 °C
Operating Ambient Temperature TA °C
Range

LM258 —25t0 +85 -

LM358 0to +70 -

LM2904 ' - —40 to +105

LM2904V - —40to +125

NOTES: 1. Split Power Supplies.
2. For Supply Voltages less than 32 V for the LM258/358 and 26 V for the LM2904, the
absolute maximum input voltage is equal to the supply voltage.

Operating
Device | Temperature Range Package
LM2904D SO-8
TA =—40° to +105°C
LM2904N Plastic DIP
LM2904VD SO-8
TA =—40° to +125°C
LM2904VN Plastic DIP
LM258D Ta = —25° o +85°C SO-8
LM258N Plastic DIP
LM358D SO-8
Ta = 0°t0 +70°C
LM358N Plastic DIP
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LM358, LM258, LM2904, LM2904V

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

LM258 LM358 LM2904 LM2904V
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max [ Min | Typ | Max | Unit
Input Offset Voltage Vio mV
Vec=5.0Vto 30V (26 V for
LM2904, V), Vic =0V to Voo -1.7V,
Vo=14V,Rg=0Q
Ta =25°C - 2.0 5.0 - 2.0 7.0 - 2.0 7.0 - - -
TA = Thigh (Note 1) - - |70 | - - |90 | - - 10 | - - 13 |
Ta = Tiow (Note 1) - - |20 | - - 9.0 - - 10 - - 10
Average Temperature Coefficient of Input | AV|o/AT | =~ 7.0 - - 7.0 - - 7.0 - - 7.0 - uvree ;
Offset Voltage .
Ta = Thigh to Tiow (Note 1) .
Input Offset Current o - 30 | 30 - 50 | 50 ~ 50 | 50 - 50 | 50 nA ;
TA = Thigh to Tiow (Note 1) - - | 100 | - - | 150 | - | 45 (200 | - | 45 | 200 |
Input Bias Current B - -45 | ~150 | - -45 | 260 | ~ -45 | 260 | - [--45 |-250 !
Ta = Thigh to Tiow (Note 1) - ~50 | -300 | - -50 | -500 | ~ -50 | -500 | - ~-60 | -500
Average Temperature Coefficient of Input | Aljo/AT - 10 - - 10 - - 10 - - 10 - pA/°C ]
Offset Current
Ta= Thigh to Tiow (Note 1)
Input Common Mode Voltage Range Vicr \
(Note 2),Vog = 30 V (26 V for LM2904, V) 0 - |2838} 0 - |283] 0 - |2a3 | o - | 243
Vee =30V (26 V for LM2904, V), 0 - 28 0 - 28 0 - 24 0 - 24
TA = Thigh to Tiow
Differential Input Voltage Range VipR - - | Vec | - - | Vee - - |Veec | - - | Vee \
Large Signal Open Loop Voltage Gain AvoL VimV
R =2.0kQ, Voo =15V, For Large Vg 50 100 - 25 100 - 25 100 - 25 100 - i
Swing, ‘
TA = Thigh o Tiow (Note 1) 25 | - - 15 [ - - 15 | - - 15| - - |
Channel Separation cs - | -120 - - |[-120) - -~ | -120 - - |-120| - dB !
1.0 kHz < £ 20 kHz, Input Referenced ‘
Common Mode Rejection CMR 70 85 - 65 70 - 50 70 - 50 70 - dB |
Rg <10 kQ \
Power Supply Rejection PSR 65 | 100 | - 65 | 100 | - 50 | 100 | - 50 | 100 | - dB :
Output Voltage-High Limit (Ta = Thighto | Vo v \
Tiow) (Note 1) |
Voo =5.0V, R =2.0kQ, Tp =25°C 33 | 35 - 33 | 35 - 33 | 35 - 33 | 35 - |
Ve =30V (26 V for LM2904, V), 26 - - 26 - - 22 - - 22 - - |
RL =2.0kQ 1
Ve =30V (26 V for LM2904, V), 27 28 - 27 28 - 23 24 - 23 24 - |
R =10kQ \
Output Voltage~Low Limit VoL - 5.0 20 - 5.0 20 - 5.0 20 - 5.0 20 mv }
Voo =5.0V, R = 10kQ, Tp = Thigh to |
Tiow (Note 1) |
Output Source Current lo+ 20 40 - 20 40 - 20 40 - 20 40 - mA }
Vip=+1.0V,Vocc =15V |
Output Sink Current lo- |
Vip=-1.0V,Vgg=15V 10 20 - 10 20 - 10 20 - 10 20 - mA
Vip=-1.0V, Vg = 200 mV 12 | 50 | - 12 | 50 | - - - - - - - A ‘
Output Short Circuit to Ground (Note 3) Isc - 40 60 - 40 60 - 40 60 - 40 60 mA
Power Supply Current (Ta = Thigh to Tiow) Icc mA |
(Note 1) |
Voo =30V (26 V for LM2904, V), - 15 | 3.0 - 15 | 8.0 - 15 | 3.0 - 15 | 3.0
Vo=0V,R == |
VeG=5V,Vo=0V,R = - o7 |12 - o7 |12] ~ |07 |12] - |07 |12 ‘
NOTES: 1.T|gy = =—40°C for LM2904 Thigh = +105°C for LM2004
= ~40°C for LM2904V = +125°C for LM2904V
= ~25°C for LM258 = +85°C for LM258
= 0°C for LM358 = +70°C for LM358

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

3. Short circuits from the output to Vs can cause excessive heating and eventual destruction. Destructive dissipation can result from simultaneous shorts
on all amplifiers.
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LM358, LM258, LM2904, LM2904V

Single Supply
3.0VtoV,
0 VCC(max) I veo

1
2

—

= VEg/Gnd

)

9000
)

Representative Schematic Diagram

(One-Half of Circuit Shown)

Vee

Split Supplies

:

1 o T

Q0 Q0

2 n

Bias Circuitry
Common to Both

Output Amplifiers
]

1.5 V1o Vog(max)

= 1.5Vto VEE(max)
VeE I

- a5
16 R—ry Ry

Q14

40k
Q19

5.0 pF Q12

Q20

—{a

Q21

Q6 | Q7 k‘
Q8

7\

8‘1

Q26 r‘

CIRCUIT DESCRIPTION

The LM258 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

Large Signal Voltage
Follower Response

-0 VEg/Gnd

differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also

T

Voo =15 Vde

performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller

R = 2.0 kQ
Tp=25°C

compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is

jepateaaalessy

cHHE

accomplished by splitting the collectors of Q20 and Q18.

1.0 VIDIV

Another feature of this input stage is that the input common

et

3
I

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

N1 S

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.

5.0 ps/DIV
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LM358, LM258, LM2904, LM2904V

Figure 1. Input Voltage Range
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Figure 3. Large~Signal Frequency Response
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Figure 2. Large-Signal Open Loop Voltage Gain
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Pulse Response (Noninverting)
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Figure 6. Input Bias Current versus
Supply Voltage
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LM358, LM258, LM2904, LM2904V

Figure 7. Voltage Reference

VW

Figure 9. High Impedance Differential Amplifier

Figure 8. Wien Bridge Oscillator

0k
/ )
50k
10k ~JVee
Vref' vv'v 1”2
LM358 e Vo
+ (e 1
1 = °~ 2mRC
et =3 Yoo k F fniokH
4 or. fo=1.0kHz
: R CH R=16kQ
R% TC C=0.01pF

Figure 10. Comparator with Hysteresis

xI
3
L — — - g
@
@a
@

VinL | VinH
v A V V V V)
inL = Ry + R (VOL = VrefH* Vref ref
R1
VinH = 774 R (VOH ~ Vref) + Vref
R1
H= 2 /e (VoH-Vou
Figure 11. Bi-Quad Filter
we Cenlo
WA R 100k 0~ 2 nRC
I: P Rf= QR .
VY. R2 c _ Rt V= Vo
¢ A Re=3om
100k =
Ci=10C
Vref For. fo =1.0kHz
o +——e Bandpass Vref Q =10
Vret Output -{Bpj
% R N =
A C1
WA *
‘————-[ (——0 NotchQutput R =160kQ
C =0001 uF
R1 =16 MQ
Vret Where: Tgp = Center Frequency Gain R2 =1.6 MQ
R3 =16 MQ

TN = Passband Notch Gain
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LM358, LM258, LM2904, LM2904V

Figure 12. Function Generator Figure 13. Multiple Feedback Bandpass Filter
= Triangle Wi
Vigf =7 Vi tiangle Wave R2
ref =2 *CC Output ¢ ANA J_
1 300 k c
Vref o R1 ¢
N Vin
5 75k oo o ——{—e Vo
R1 100k Square A2 co
—(—— Wave €0=10C
¢ Vref Output
AM = Vref 1
Rt Vref =3 VCC
Ri+Rc R2R1
t=2 CR{R1 RS = R Given: o = center frequency

A(fo) = gain at center frequency

Choose value fo, C

) __Q
Then: R3= "__fo C
R3
Ri=3 AlG)

R1R3
R2= 4Q2 R1-R3

For less than 10% error from operational amplifier. —QI—SQV_TIQ <01

Where fo and BW are expressed in Hz.

If source impedance varies, filter may be preceded with voltage
follower buffer to stabilize filter parameters.
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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

® o o o o

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
o Differential Input Voltage Range Equal to Power Supply Voltage
® OQutput 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

Representative Schematic Diagram
(Diagram shown is for 1 comparator)
- Input

+ Input Output
[} [}

R2
21k

Q5

Q9

R1
4.6k

LM393, LM393A,
LM293, LM2903,
LM2903V

SINGLE SUPPLY, LOW POWER
DUAL COMPARATORS

SEMICONDUCTOR
TECHNICAL DATA

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

Operating

Device |Temperature Range Package
LM293D TA = —25° to +85°C SO-8
LM393D SO-8

Ta = 0° to +70°C
LM393AN,N Plastic DIP
LM2903D TA =—40° to +105°C $0-8
LM2903N Plastic DIP
LM2903VD SO-8
TA =—40° to +105°C

LM2903VN Plastic DIP
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LM393, LM393A, LM293, LM2903, LM2903V
MAXIMUM RATINGS

Rating Symbol Value Unit

Power Supply Voltage Vce +36 or +18 Vdc
Input Differential Voltage Range VIDR 36 Vde
Input Common Mode Voltage Range VICR -0.3 to +36 Vdc
Output Short Circuit-to-Ground Isc Continuous mA
Output Sink Current (Note 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 —25 to +85

LM393, 393A 0to +70

LM2903 —40 to +105

LM2903V —40 to +125
Maximum Operating Junction Temperature TJ(max) °C

LM393, 393A, 2903, LM2903V 125

LM293 150
Storage Temperature Range Tstg —65 to +150 °C

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

LM393A
Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Note 2) Vio mv
Ta=25°C - +1.0 +2.0
Tiow<TA < Thigh - - 4.0
Input Offset Current o nA
Ta =25°C - +50 +50
Tiow<TA < Thigh - - +150
Input Bias Current (Note 3) B nA
Ta =25°C - 25 250
TiowsTA < Thigh - - 400
Input Common Mode Voltage Range (Note 4) VICR \
Ta=25°C 0 - Vece-1.5
Tiow<Ta< Thigh 0 - Vcc -2.0
Voltage Gain R_> 15 kQ, Vcc = 15 Vdc, Tp = 25°C AvoL 50 200 - V/imV
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 5) VR = 5.0 Vdc, Rl = 5.1 kQ, Tp =25°C tTLH - 1.3 - us
Input Differential Voltage (Note 6) ViD - - Vce Vv
All Vi 2 Gnd or V- Supply (if used)
Output Sink Current ISink 6.0 16 - mA
Vin 2 1.0 Vdc, Vijp4 = 0 Vdc, Vo £ 1.5 Vdc, Tp = 25°C
Output Saturation Voltage VoL mv
Vin 2 1.0 Vdc, Vijp4 = 0 Vdc, Igjnk < 4.0 mA, Tp = 25°C - 150 400
Tlow < TA < Thigh - - 700

*Tiow = 0°C, Thigh = +70°C for LM393/393A

NOTES: 1. The maximum output current may be as high as 20 mA, independent of the magnitude of Vg, output short circuits to Vo can cause excessive

heating and eventual destruction.

2. At output switch point, Vo=1.4 Vdc, Rg = 0 Q with Vg from 5.0 Vdc to 30 Vdc, and over the full input common mode range (0 V to Vo =-1.5 V).

3. Due to the PNP transistor inputs, bias current will flow out of the inputs. This current is essentially constant, independent of the output state, there
fore, no loading changes will exist on the input lines.

4. 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.

5. Response time is specified with a 100 mV step and 5.0 mV of overdrive. With larger magnitudes of overdrive faster response times are obtainable.

6. The comparator will exhibit proper output state if one of the inputs becomes greater than V¢, 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, LM393A, LM293, LM2903, LM2903V

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

LM393A
Characteristic Symbol Min Typ Max Unit
Output Leakage Current ‘ loL HA
Vin—= 0V, Ving 2 1.0 Vde, Vo = 5.0 Vdc, Ta= 25°C - 0.1 -
Vin—=0V, Vip4 21.0 Vde, Vo = 30 Vdc, Tjow < TA < Thigh . - - 1.0
Supply Current Icc mA
RL = e Both Comparators, Tp = 25°C - 04 . 1.0
R|_= o Both Comparators, Vcc =30V - 1.0 25
ELECTRICAL CHARACTERISTICS (Vg = 5.0 Vdc, Tiow < Ta < Thigh, unless otherwise noted.)
LM392, LM393 LM2903, LM2903V
Characteristic Symbol | Min Typ Max Min Typ Max Unit
Input Offset Voltage (Note 2) Vio . mV
Ta=25°C - +1.0 +5.0 - +2.0 7.0
Tiow < TA < Thigh - - 9.0 - 9.0 15
Input Offset Current lio nA
Ta=25°C - +5.0 +50 - 15.0 +50
Tiow < TA < Thigh - - +150 - +50 +200 ‘
Input Bias Current (Note 3) i nA
Ta=25°C - 25 250 - 25 250
Tiow <TA < Thigh - - 400 - 200 500
Input Common Mode Voltage Range (Note 3) VICR \'
TA=25°C 0 - Vec-15 | o - Vog-1.5
Tiow < TA < Thigh } 0 - Vce —2.0 0 - Vcc-2.0
Voltage Gain AvoL | 50 | 200 - 25 | 200 - VimV
RL > 15 kQ, Voo = 15 Vdc, Tp = 25°C
Large Signal Response Time - - 300 - - 300 - ns
Vin = TTL Logic Swing, Vyef = 1.4 Vdc
VRL = 5.0 Vdc, R_ = 5.1 kQ, Tp = 25°C
Response Time (Note 5) tTLH - 1.3 - - 1.5 - us
VRL =5.0 Vdc, R_=5.1 kQ, Tp =25°C
Input Differential Voltage (Note 6) Vip - - Vce - - Vee \
All Vi = Gnd or V- Supply (if used)
Output Sink Current 1Sink 6.0 16 - 6.0 16 - mA
Vin 2 1.0 Vdc, Vip4 = 0 Vdc, Vo < 1.5 Vdc Tp = 25°C
Output Saturation Voltage VoL mv
Vin 2 1.0 Vde, Ving = 0, Igink < 4.0 mA, Ta =25°C - 150 400 - - 400 )
Tiow S TA < Thigh . - - 700 - 200 700
Output Leakage Current loL nA
Vin—=0V, Vin4 2 1.0 Vdc, Vg = 5.0 Vdc, Tp = 25°C - 0.1 - - 0.1 -
Vin—=0V, Vjp4+ 2 1.0 Vdc, Vo = 30 Vdc,
Tiow < TA<Thigh - - 1000 - - 1000
Supply Current Ilcc mA
RL = « Both Comparators, Tp = 25°C - 0.4 1.0 - 0.4 1.0
R|_ = e Both Comparators, Voc =30 V - - 2.5 - - 25

*Tiow = 0°C, Thigh = +70°C for LM393/393A
LMB93 Ty = -25°C, Thigh = +85°C
LM2903 Tioy = ~40°C, Thigh = +105°C
LM2903V Tigy = ~40°C, Thigh = +125°C

NOTES: 2. At output switch point, Vo=1.4 Vdc, Rg = 0 Q with V¢ from 5.0 Vdc to 30 Vdc, and over the full input common mode range (0 V to Vo =~1.5 V).
3. Due to the PNP transistor inputs, bias current will flow out of the inputs. This current is essentially constant, independent of the output state, there
fore, no loading changes will exist on the input lines.
5. Response time is specified with a 100 mV step and 5.0 mV of overdrive. With larger magnitudes of overdrive faster response times are obtainable.
6. 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, LM393A, LM293, LM2903, LM2903V

LM293/393,A
Figure 1. Input Bias Current versus
Power Supply Voltage
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LM2903
Figure 2. Input Bias Current versus
Power Supply Voltage
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LM393, LM393A, LM293,

LM2903, LM2903V

APPLICATIONS INFORMATION

These dual 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.

Figure 7. Zero Crossing Detector
(Single Supply)

+15V

D1 prevents input from going hegative by more than 0.6 V.
R1+R2=R3
R

R3< ;“)5- for small error in zero crossing.

Figure 9. Free-Running Square-Wave Oscillator

AN Vee
R
10k
% h
'A% v
51k
51k ce
Vo
= 0
R —

The addition of positive feedback (<10 mV) is also
recommended. It is good design practice to ground all
unused pins.

Differential input voltages may be larger than supply
voltage without damaging the comparator’s inputs. Voltages
more negative than —0.3 V should not be used.

Figure 8. Zero Crossing Detector
(Split Supply)

Vin’ Vin(min)
— (S]
Voo T |
|
Vo + )
|
- AO
-VEg > L

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

Figure 10. Time Delay Generator

" } I Vee Vg

“ON"fort > to + At

where: Vin Vet I l I
Vret 0
At=RCEen(v— 1
"ee! v, T

Figure 11. Comparator with Hysteresis

Vee

Rg=R1ll R2

Ry

(Ve ~Vrer) R1

Vit = V,
tht = el * TRty R2+RL

(Vref-Vo Low) R1
Vine = Vief =~ o1 Re
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@ MOTOROLA

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/VHz ), 15 MHz gain bandwidth product, 7.0 V/us slew rate, 0.3 mV
input offset voltage with 2.0 uV/°C temperature coefficient of input offset
voltage. The LM833 output stage exhibits no deadband crossover distortion,
large output voltage swing, excellent phase and gain margins, low open loop
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.

® | ow Voltage Noise: 4.5 nV/ JHz

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 (Voc to VEE) Vg +36 v
Input Differential Voltage Range (Note 1) VIDR 30 \
Input Voltage Range (Note 1) VIR +15 \
Output Short Circuit Duration (Note 2) tsc Indefinite
Operating Ambient Temperature Range TA —40to +85 °C
Operating Junction Temperature . Ty +150 °C
Storage Temperature Tstg —60 to +150 °C
Maximum Power Dissipation (Notes 2 and 3) Pp 500 mwW

NOTES: 1. Either or both input voltages must not exceed the magnitude of Vg or VEE.
2. Power dissipation must be considered to ensure maximum junction temperature
(Ty) is not exceeded (see power dissipation performance characteristic).
3. Maximum value at Tp < 85°C.

LM833

DUAL OPERATIONAL
AMPLIFIER

SEMICONDUCTOR
TECHNICAL DATA

1

N SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

N\

Output 1 E E' Vee
E —_7—| Output 2
Inputs 1 I
B o
Ve [4] o

(Top View)

] Inputs 2

ORDERING INFORMATION

Operating
Device Temperature Range Package
LM833N T 4 85°C Plastic DIP
=—40° to +85°
Lvmgasp | ° s0-8
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LM833

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

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Rg = 10 2, Vo =0V) Vio - 0.3 5.0 mV
Average Temperature Coefficient of Input Offset Voltage AVIO/AT - 20 - uv/°Cc
Rg=10Q,Vo=0V, Tpo=T|ow to Thigh :
Input Offset Current (Vepm =0V, Vo =0V) io - 10 200 nA
Input Bias Current (VoM =0V, Vo =0V) IiB - 300 1000 nA
Common Mode Input Voltage Range VICR - +14 +12 \
12 14 -
Large Signal Voltage Gain (R =2.0 kQ, Vo =10V AvyoL 90 10 - dB
Output Voltage Swing: . Vv
RL=2.0kQ VIp=10V Vos 10 13.7 -
RL=2.0kQ V|p=1.0V Vo- - 141 -10
RL=10kQ Vp=1.0V Vo+ 12 13.9 -
RL=10kQ Vip=1.0V Vo- - 147 -12
Common Mode Rejection (Vin =+12 V) CMR 80 100 - dB
Power Supply Rejection (Vg =15V 1t05.0V,-15Vto-5.0 V) PSR 80 115 - dB
Power Supply Current (Vo = 0 V, Both Amplifiers) Ip - 4.0 8.0 mA
AC ELECTRICAL CHARACTERISTICS (Vog = +15 V, VEE = =15V, Tp = 25°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Slew Rate (Vinh =—-10Vto +10V, R = 2.0 kQ, Ay = +1.0) SR 5.0 7.0 - - V/us
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 - 4.5 - nv/ JAz
Equivalent Input Noise Current (f = 1.0 kHz) in - 0.5 - pA/ Hz
Power Bandwidth (VO = 27 Vpp, R =2.0 kQ, THD < 1.0%) BWP - 120 - kHz
Distortion (R = 2.0 kQ, f = 20 Hz to 20 kHz, VO = 3.0 Vs, Ay = +1.0) THD - 0.002 - %
Channel Separation (f = 20 Hz to 20 kHz) Cs - -120 - dB

Figure 1. Maximum Power Dissipation

versus Temperature Figure 2. Input Bias Current versus Temperature
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o (&)
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Figure 3. Input Bias Current versus

LM833

Figure 4. Supply Current versus

Supply Voltage Supply Voltage
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Figure 5. DC Voltage Gain Figure 6. DC Voltage Gain versus
versus Temperature Supply Voltage
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LM833

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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Figure 15. Power Supply Rejection
versus Frequency

Lm833

Figure 16. Common Mode Rejection
versus Frequency
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LM833

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

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

1, TIME (2.0 ps/DIV) ' t, TIME (2.0 us/DIV)

Figure 23. Noninverting Amplifier Overshoot

Veo= +15V

Vo, OUTPUT VOLTAGE (10 mV/DIV)

t, TIME (200 ns/DIV)
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High Voltage, Internally
Compensated Operational
Amplifiers

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.

® Output Voltage Swing:
122 Vpg(min) (VCC = +28 V, VEE =28 V)
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
W\~
+28V
R1
10k
Vp O— vt

—O
Vo=10(Vg-Va)

Figure 2. Typical Noninverting X10 Voltage Amplifier
+28V

Vo= 44Vpp

§ RL25.0k

MC1436, C

OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

1

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

L

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range | Package
MC1436CD,D Ta = 0°to 470°C SO-8
= 0° to +70°
MC1436CP1,P1 A * Plastic DIP

MOTOROLA ANALOG IC DEVICE DATA
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MC1436, C

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

Rating - Symbol MC1436 | MC1436C Unit
Power Supply Voltage Vce +34 +30 Vde
VEE -34 -30
Input Differential Voltage Range VIDR Note 2 v
Input Common Mode Voltage Range VICR Note 2 \
Output Short Circuit Duration tsc 5.0 sec
(Vcc =VEE =28 Vde, Vo =0)
Power Dissipation (Package Limitation) Pp 680 mwW
Derate above Ta = +25°C 4.6 mwW/°C
Operating Ambient Temperature Range TA O0to +70 °C
Storage Temperature Range Tstg —65 to +150 °C

ELECTRICAL CHARACTERISTICS (Voc =+28 YV, VEE =28V, Tp = 25°C, unless otherwise noted.)

MC1436 MC1436C
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Bias Current B nAdc
Ta =+25°C - 15 40 - 25 90
TA = Tiow to Thigh (See Note 1) - - 55 - - -

Input Offset Current o nAdc
Ta =+25°C - 5.0 10 - 10 25
TA =+25°C to Thigh - - 14 - - -

TA = Tiow to +25°C - -~ 14 - - -

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

Differential Input Impedance (Open loop, f < 5.0 Hz) MQ
Parallel Input Resistance P - 10 - - 10 - pF
Parallel Input Capacitance Cp - 2.0 - - 2.0 -

Common Mode Input Impedance (f < 5.0 Hz) Zic - 250 - - 250 - MQ

Input Common Mode Voltage Range VICR +22 +25 - +18 +20 - Vpk

Equivalent Input Noise Voltage en nV/(Hz)1/>
(Ay =100, Rg = 10 kQ, f = 1.0 kHz, BW = 1.0 Hz) - 50 - - 50 -

Common Mode Rejection (DC) CMR 70 110 - 50 90 - dB

Large Signal DC Open Loop Voltage Gain AvoL VIV
(Vo=+10V, R =100kQ) Tp=+25°C 70,000 | 500,000 - 50,000 | 500,000 -

TA=Tiow to Thigh 50,000 - - - - -
(Vo =210V, RL = 10 kQ, Ta = +25°C) - 200,000 - - 200,000 -

Power Bandwidth (Voitage Follower) BWp kHz
(Ay =1, R =5.0 kQ, THD < 5%, VQ = 40 Vpp) - 23 - - 23 -

Unity Gain Crossover Frequency (Open loop) fe - 1.0 - - 1.0 - MHz

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

Gain Margin AMm - 18 - - 18 - dB

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

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

Short Circuit Output Current Isc - +17 - - +19 - mAdc

NOTES: 1.Tjgy, = 0°C for MC1436,C  Thjgh = +70°C for MC1436,C
2. Either or both input voltages must not exceed the magnitude of Vg or VEg +3.0 V.
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MC1436, C

ELECTRICAL CHARACTERISTICS (Vg =+28V, VEE =28 V, Tp = 25°C, unless otherwise noted.)

MC1436 MC1436C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Output Voltage Range (R = 5.0 kQ) Vo Vpk
Vge = +28 Vdce, VEg = ~28 Vdc +20 +22 - +20 +22 -
V¢e = +36 Vde, VEg = ~36 Vdc - - - - - -
Power Supply Rejection uvnv
VEE = Constant, Rg < 10 kQ PSR + - 35 200 - 50 -
V¢ = Constant, Rg < 10 kQ PSR - - 35 200 - 50 -
Power Supply Current (See Note 2) Icc - 2.6 5.0 - 2.6 5.0 mAdc
153 - 2.6 5.0 - 2.6 5.0
DC Quiescent Power Consumption (Vg = 0) Pc - 146 280 - 146 280 mwW
NOTES: 2. Vg = VEE = 5.0 Vdc to 30 Vdc for MC1436
Ve = VEE = 5.0 Vdc to 28 Vdc for MC1436C
Figure 3. Low-Drift Sample and Hold Figure 4. Power Bandwidth
T +28V 70 T T T 11T T T
n
~ 60 +28 V. -
>2: 2 ! 6 i
w 50 Vo_
Switch Q 7
—9 " 5 4 oy 4 10k
ot o o z AN - 1 ]
| 2 ¥ N
= E
[ 1.0pF 4 3 2
Polycarbonate ) ) ke N
Sample *Drift due to bias current 10 M~
Command = -8V is typically 8.0 mV s =

0
40 608010 20 40 60 80100 200 400
f, FREQUENCY (kHz)

Figure 5. Peak Output Voltage Swing versus

Power Supply Voltage Figure 6. Open Loop Frequency Response
35 | ] 140
4
30[—Ta=25°C // 120
25 A 100

20 RL=5.0kQ ///

15 v

10 //

5.0 // 0

0 10 20 30 ) 10 10 100 10k 10k 100k 1.0M 10M 100M
VGo/VEE, POWER SUPPLY VOLTAGE (Vdc) f, FREQUENCY (kHz)

AVOL’ VOLTAGE GAIN (dB)
3

Vo , OUTPUT VOLTAGE SWING (Vpi )
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15, OUTPUT SHORT CIRCUIT CURRENT (mAdc)
>

MC1436, C

Figure 7. Output Short Circuit Current

versus Temperature
T~ Source
~]
Sink T I~
—

-75

=50 -2 0 25 50 7% 100 125
Ta, AMBIENT TEMPERATURE (°C)

Figure 9. Inverting Feedback Model
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Figure 8. Input Bias Current
versus Temperature
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0.4
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Ta, AMBIENT TEMPERATURE (°C)

Figure 10. Noninverting Feedback Model

= If:R3 <24
5~ 74 ] A ()7 )
3 Zi = ,2j Very High
Vin i 1429024 j very Rigi
1+Zo/Z4 Vo 1142524, when Ao ()
Z5=2 ~ =14 , when Ag (@)~
0~ 40 AO ((0) Vi 2149
Zy—0
Ap (@) = oo
Figure 11. Audio Amplifier
100k
N VW Current Drain,
Vg = +30 Vde 1D ~ 100 mAdc @
1.0k R1=51Q
: D1,D2,D3= 1N4001
4 23716 Common
) .
10k S 10 uF or Equiv | - "7 Heat Sink
rY D |
1 R =
E" i Y AL
’| Dy 2Ng740 Vo=48\Vpo
0.24 Po=72W (rms) @ R =4.0Q
Po=36W (rms) @ R =8.0Q

2N3791
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MC1436, C

Figure 12. Voltage Controlled Current Source or Transconductance Amplifier
with 0 V to 40 V Compliance
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100k
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R1Rt( (R3 +R4)
=Rt (Ry +R3)- R2 R4

In-
put

+
Input

-O Output
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L4
V%

5-°V 500

4
7k 1.0k339k 1.0k| 77k 7.0k | 7.0k 39k 39k 50

PN +———o

Offset Adjust

Figure 14. Equivalent Circuit

Inverting

2
5

Vi

3

Noninverting
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@ MOTOROLA

Internally Compensated,
High Performance
Dual Operational Amplifiers

The MC1458, C 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

DUAL

OPERATIONAL AMPLIFIERS
(DUAL MC1741)

SEMICONDUCTOR
TECHNICAL DATA

1

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

*

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

Rating Symbol Value Unit

Power Supply Voltage Vee +18 Vdc
VEE -18

Input Differential Voltage Vip +30 \
Input Common Mode Voltage (Note 1) Vicm +15 v
Output Short Circuit Duration (Note 2) tsc Continuous
Operating Ambient Temperature-Range TA 0to +70 °C
Storage Temperature Range Tstg -55to +125 °C
Junction Temperature Ty 150 °C

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.

Representative Schematic Diagram
O Vi
v l'\) v _ { J/T c©

Noninverting
In:j(j. 9k 5
30pH 7.5k

p
O QOutput

o | iy
Invertin
Inpu

M

| }W—K 50

y 50k 350
10k 50k $1.0k

-0 VEE

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range | Package

MC1458CD, D SO-8

Th = 0° to +70°C
MC1as8cPt, P1| A Plastic DIP
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MC1458, C

ELECTRICAL CHARACTERISTICS (Vcc=+15V, VEE =-15V, Ta = 25°C, unless otherwise noted. (Note 3))

MC1458 MC1458C
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage (Rg < 10 k) Vio - 2.0 6.0 - 2.0 1.0 mv

Input Offset Current o - 20 200 - 20 300 nA

Input Bias Current B - 80 500 - 80 700 nA

Input Resistance rj 0.3 2.0 - - 20 - MQ

Input Capacitance Ci - 1.4 - - 14 - pF

Offset Voltage Adjustment Range VIOR - +15 - ~ +15 - %

Common Mode Input Voltage Range VICR +12 +13 - =11 +13 - )

Large Signal Voltage Gain AvoL V/imV
(Vo=%10V,R_=2.0k) 20 200 - - - -
(Vo=%10V,R_=10k) - - - 20 200 -

Output Resistance o - 75 - - 75 - Q

Common Mode Rejection (Rg < 10 k) CMR 70 90 - 60 90 - dB

Supply Voltage Rejection (Rg < 10 k) PSR - 30 150 - 30 - uvv

Output Voltage Swing Vo \
(Rg<10k) 12 +14 - +11 +14 -
(Rg<2.0k) 10 +13 - +9.0 +13 -

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

Supply Currents (Both Ampilifiers) Ip - 2.3 5.6 - 2.3 8.0 mA

Power Consumption Pc - 70 170 - 70 240 mw

Transient Response (Unity Gain)

(V=20 mV, R 2 2.0 kQ, Cy_< 100 pF) Rise Time tTLH - 0.3 - - 0.3 - us
(Vi =20 mV, R|_22.0kQ, C|_< 100 pF) Overshoot os - 15 - - 15 - %
(Vi =10V, Ry 2 2.0 kQ, C_ < 100 pF) Slew Rate SR - 0.5 - - 05 - Vius
ELECTRICAL CHARACTERISTICS (Voc =+15V, VEE =-15V, TA = Thigh to Tjow, Unless otherwise noted. (Note 3))*
MC1458 MC1458C
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage (Rg < 10 kQ) Vio - - 7.5 -~ - 12 mV

Input Offset Current (Tp = 0° to +70°C) o - - 300 - - 400 nA

Input Bias Current (Ta = 0° to +70°C) iB - - 800 ~ - 1000 nA

Output Voltage Swing Vo v
(Rs <10 k) 12 14 - - - -

(Rs<2k) +10 #13 - £9.0 +13 -

Large Signal Voltage Gain AvoL V/imV
(Vo=%10V,R_=2k) 15 - - -~ - -
(Vo=%10V,R_=10k) - - - 15 - -

*Tiow = 0°C for MC1458,C  Thjgh = +70°C for MC1458, C
NOTE: 3. Input pins of an unused amplifier must be grounded for split supply operation or biased at least 3.0 V above VgE for single supply operation.
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MC1458, C

Figure 1. Burst Noise versus Source Resistance
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Figure 3. Output Noise versus Source Resistance
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Figure 2. RMS Noise versus Source Resistance

Figure 5. Burst Noise Test Circuit

1.0k

Operational Amplifier
Under Test

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

Low Pass Filter
1.0 Hz to 1.0 kHz

100
3z i i
= BW =1.0 Hz o 1.0 kHz o
T 10
o {r
- i i i
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E i il i |
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o1 i Il
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Figure 4. Spectral Noise Density
140
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@ Ay =10, Rg = 100 kQ
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>
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b": 80 \
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5 N
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&
© 20
0
10 100 1.0k 10k 100 k
f, FREQUENCY (Hz)
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Threshold
Voltage
To Pass/Fail

Indicator

Negative
Threshold
Voltage

The test time employed is 10 sec and the 20 uV peak limit
refers to the operational amplifier input thus eliminating errors
in the closed loop gain factor of the operational amplifier .
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MC1458, C

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 Frequency Response
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Figure 9. Negative Output Voltage Swing
versus Load Resistance
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Figure 11. Single Supply Inverting Amplifier
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5.0 VDIV

MC1458, C

Figure 12. Noninverting Pulse Response

10 ps/DIV

Figure 13. Transient Response Test Circuit
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Figure 14. Unused OpAmp

Figure 15. Open Loop Voltage Gain

versus Supply Voltage
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@ MOTOROLA

Internally Compensated,
High Performance Dual
Operational Amplifier

The MCT1458, C 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

This MCT—prefixed device is intended to be a possible replacement for the similar
device with the MC—prefix. Because the MCT device originates from different
source material, there may be subtle differences in typical parameter values or
characteristic curves. Due to the diversity of potential applications, Motorola can not
assure identical performance in all circuits. Motorola recommends that the
customer qualify the MCT—prefixed device in each potential application.

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

Rating Symbol Value Unit

Power Supply Voltage Vce +18 Vdc
VEE —18

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 °C
Storage Temperature Range Tstg ~551t0 +125 °C
Junction Temperature Ty 150 °C

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.

Representative Schematic Diagram
2
:] [[. Vee
To Other
Amplifier
+In ~In
20kQ2
pR
To Other
a o o Amplifier
=} =] o]
.é- 2 jc-" E & % 3 VEE
¢ —0
This device contains 46 active transistors.

CAUTION: These devices do not have internal ESD protection circuitry and are rated
as CLASS 1 devices perthe ESD test method in Mil-Std—-833D. They should be handled
using standard ESD prevention methods to avoid damage to the device.

MCT1458, C

DUAL
OPERATIONAL AMPLIFIER
(DUAL MC1741)

SEMICONDUCTOR
TECHNICAL DATA

1

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

2

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

\J
Output A E 8] veC
[2: A ZI Output B
Inputs A B
3 6
!: Inputs B
VEE[4] 5]
(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range | Package
MCT1458CD, D SO-8
Ta =0°to +70°C
MCT1458CP1, P1 Plastic

MOTOROLA ANALOG IC DEVICE DATA
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MCT1458, C

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

MCT1458 MCT1458C
Characteristic Symbol Min | Typ | Max | Min | Typ | Max Unit
Input Offset Voltage (Rg < 10 k) Vio | — 2.0 6.0 — 2.0 10 mV
Input Offset Current llo — 20 200 | — 20 300 nA
Input Bias Current B — 80 500 - 80 700 nA
Input Resistance fj 0.3 2.0 — — 2.0 — MQ
Input Capacitance Ci — 6.0 — — 6.0 —_ pF
Common Mode Input Voltage Range VICR 12 | £13 — +11 +13 — \
Large Signal Voltage Gain AvoL V/imV
(Vo=%10V,R =2.0k) 20 200 — — — —
(Vo=%10V,R_=10k) — — — 20 200 —
Output Resistance o — 75 — — 75. — Q
Common Mode Rejection (Rg < 10 k) CMR 70 90 _ 60 90 —_ dB
Supply Voltage Rejection (Rg < 10 k) PSR —_ 30 150 — 30 — uviv
Output Voltage Swing Vo \
(Rg<10Kk) +12 | +14 -— 11 +14 -
(Rg<2.0k) +10 | +13 — +9.0 | %13 —
Output Short Circuit Current Isc — 20 — — 20 — mA
Supply Currents (Both Amplifiers) Ip — 2.3 5.6 — 2.3 8.0 mA
Power Consumption Pc — 70 170 — 70 240 mwW
Transient Response (Unity Gain)
(V=20 mV, R_22.0kQ, C_< 100 pF) Rise Time TLH — 0.9 - _ 0.9 —_ us
(V=20 mV, R_22.0kQ, C_< 100 pF) Overshoot 0s —_ 15 —_ — 15 — %
(V=10V, R_22.0kQ, C|_ < 100 pF) Slew Rate SR — 0.8 — — 0.8 —_ Vius
ELECTRICAL CHARACTERISTICS (Vcc = +15V, VEE =—15 V, TA = Thigh to Tiow, Unless otherwise noted.)
MCT1458 MCT1458C
Characteristic Symbol Min [ Typ | Max | Min | Typ | Max Unit
Input Offset Voltage (Rg < 10 kQ) Vio — — 7.5 — — 12 mV
Input Offset Current o nA
(Ta = 0° to +70°C) - — 300 — — 400
Input Bias Current IiB nA
(Ta =0° to +70°C) - —_ 800 — — | 1000
Output Voltage Swing Vo \Y
(Rs<10k) +12 | +14 — — — —
(Rs<2k) +10 | +13 — 9.0 | #13 —_
Large Signal Voltage Gain AvoL VimV
(Vo=%+10V,R_=2k) 15 — — — — —
(Vo=+10V, R =10k) — — — 15 — —
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MCT1458, C

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

Figure 2. Maximum Output Voltage Swing
versus Load Resistance

MOTOROLA ANALOG IC DEVICE DATA
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@ MOTOROLA

RF/IF/Aﬁdio Amplifier

The MC1490 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. :
® 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 15 V Operation, Single Polarity Supply

® See MC1350D for Surface Mount

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

MC1490

WIDEBAND AMPLIFIER
WITH AGC

SEMICONDUCTOR
TECHNICAL DATA

Rating Symbol Value Unit
Power Supply Voltage Vce +18 Vde
AGC Supply VAGC Vee Vdc 8
Input Differential Voltage VD 5.0 Vde
P SUFFIX
Operating Temperature Range TA —40to +85 °C. PLASTIC PACKAGE
Storage Temperature Range Tsfg —65 to +150 °C CASE 626
Junction Temperature Ty +150 °C
ORDERING INFORMATION
Operating PIN CONNECTIONS
Device Temperature Range Package
MC1490P TA = —40° to +85°C Plastic Output Output
A ) E E (+)
2 7| Substrate
Vee E o Ground
Representative Schematic Diagram GND E E Noninverting
Input
20V,
» ce Inverting | 4 5| AGC
15k Input Input
VaGC 70 (Top View)
05 55k $12.1k
. ,_Tj—_ SCATTERING PARAMETERS
(Voo = +12 Vdc, Tp = +25°C, Z, = 50 Q)
f=MHz
- Typ
Parameter Symbol 30 60 Unit
Input
Reflection 1S441 0.95 093 | -
Coefficient 611 -7.3 -16 deg
Output
Reflection 1Spol 0.99 0.98 -
Coefficient 022 -3.0 -5.5 deg
6 03 Forward
Transmission 184! 16.8 14.7 -
Substrate © 7 Coefficient 021 128 643 | deg
Reverse
| o Transmission Sq2 0.00048 | 0.00092 -
Pins 3 and 7 should both be connected to circuit ground. Coefficient 012 84.9 79.2 deg
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MC1490

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

Characteristic Figure Symbol Min Typ Max Unit
Power Supply Current Drain - Icc - - 17 mA
AGC Range (AGC) 5.0 V Min to 7.0 V Max 19 MaGgc -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 mw
Figure 1. Unneutralized Power Gain versus Figure 2. Voltage Gain versus Frequency
Frequency (Tuned Amplifier, See Figure 19) (Video Amplifier, See Figure 20)
70 T T _. 50 — —
— Voo =12 Vde g RL=1.0k Vg = 12 Vde
) 60 =z
ge ) N
Za 50 ] N
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8a 3 \
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é E 30 w \
5 AN 2 2
2 Y & \
22 o di
S AN 3 \
o 21
153 10 @ R .=10Q
. 2, T \
10 20 50 100 200 0.1 1.0 10 100 1000
f, FREQUENCY (MHZ) f, FREQUENCY (MHZ)
Figure 3. Dynamic Range: Output Voltage versus Figure 4. Voltage Gain versus Frequency
Input Voltage (Video Amplifier, See Figure 20) (Video Amplifier, See Figure 20)
p===c=cz:: %0 TTTTITT
= — Voo =12Vde . Veo =63 Vde
2 YE Vs(aa)=0V 8 4 )
= [— f=1.0MHz — = RL=10kQ
g 10 § © N
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Figure 5. Voltage Gain and Supply Current versus
Supply Voltage (Video Amplifier, See Figure 20)
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Figure 7. Typical Gain Reduction
versus AGC Current
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Figure 9. Power Gain versus Supply Voltage
(See Test Circuit, Figure 19)
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Figure 6. Typical Gain Reduction
versus AGC Voltage
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Figure 8. Fixed Tuned Power Gain Reduction versus
Temperature (See Test Circuit, Figure 19)
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Figure 10. Noise Figure versus Frequency
10
9.0 /
a 3.0 /
=2 7.0 A
g [
3 6.0 =
5.0
L
177} Rg Optimized ___|
g 40 for minimum NF
w 3.0
20
1.0
0

15 20 25 30 35 40 50 60 70 80 90 100
f, FREQUENCY (MHz)

150

2-94

MOTOROLA ANALOG IC DEVICE DATA



NF, NOISE FIGURE (dB)

MC1490

Figure 11. Noise Figure versus Figure 12. Noise Figure versus
Source Resistance AGC Gain Reduction
20 I l | [ 40 T
18 3| f=30 MHz
16 |__Voc=12vee pd BW = 1.0 MHz
_. 30
I =105 MH, o 1 j 8
12 =105 MHz Y w 2
10 - ] 3 2 /
— t=60 wz/ 8
8.0 B 15
60 1 T =30 Mz 5] e Test circuit has tuned input
’ - e 10 ~ providing a source resistance —|
4.0 / optimized for best noise figure.
5
2.0
0 . L [ 1 ]
100 200 400 600 1.0k 20k 40k 10k 0 -10 -2 -30 40 -50 -60 -70 -80
Rg, SOURCE RESISTANCE (Q) GR, GAIN REDUCTION (dB)

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

NI | |
35| Modulation: 90 % AM, fr, = 1.0 kHz - —
Load at Pin 8 =2.0 kQ 760 mVpp
30| Ep = peak-to-peak envelope of 7
modulated 10.7 MHz carrier at Pin 8 / /

2

2 VAV,

N eg=200mvpp |/ | / | [2s0mvep

10 /

0 10 20 3 4 5 6 70 8
G, GAIN REDUCTION (dB)

HARMONIC DISTORTION IN DETECTED
MODULATION (%)

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

7
0.002
I 36 pF
56k o 509 Load
VaGC O— YWV
10.7 MHz 0—)F———
(50 Q Source) g2 pF U O +12Vdc
50-150 pF I 0.002 I 0.002
L1 =24 turns, #22 AWG wire L2 =20 turns, #22 AWG wire
on a T12-44 micro metal on a T12-44 micro metal
Toroid core (-124 pF) 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. S21, Forward Transmission Figure 18. S12, Reverse Transmission
Coefficient (Gain) Coefficient (Feedback)

oo
(R SN
%4’@"3“%%%\ RE {\\1

I ’\\\\\\‘\\\ r////é":%“ il
it H
7

iR 1“
I

A

2-96 MOTOROLA ANALOG IC DEVICE DATA



MC1490

Figure 19. 60 MHz Power Gain Test Circuit Figure 20. Video Amplifier

/ 0@4 Output

(50Q)

12 Vde '[: [:D ® +12Vdc

L0001 pF 0.001 uF

VR(AGC)
L1 =7 turns, #20 AWG wire, 5/16” Dia.,5/8” long
L2 = 6 tums, #14 AWG wire, 9/16” Dia., 3/4” long
C1,02,C3 = (1-30) pF
C4=(1-10) pF

Figure 21. 30 MHz Amplifier

(Power Gain = 50 dB, BW = 1.0 MHz) Figure 22. 100 MHz Mixer
vV ~6.0V
AGC A (1-10)pF
T Input from ™ (1-30)pF
local oscillator 19 8
30 oF (70 MHz) v+ IF Output
(1-30)pl RL=50Q Sianal nout L2 (30 MHz)
Inout ignal Inpu %
(5822)._' (100 MHz)
38 pF = ]
(1-30) pF +12 Vde
0.002 pF L
e A LT 0002 F 5 104H
L1 =12 turns, #22 AWG wire on a Toroid core, L1 =5turns, #16 AWG wire, 1/4”, ID Dia., 5/8” long
(T37-6 micro metal or equiv). L2 = 16 turns, #20 AWG wire on a Toroid core, (T44-6).

T1: Primary = 17 turns, #20 AWG wire on a Toroid core, (T44-6).
Secondary = 2 turns, #20 AWG wire.

Figure 23. Two-Stage 60 MHz IF Amplifier (Power Gain = 80 dB, BW = 1.5 MHz)

10k
VW~
(1-10) pF
T1 0.002pF T2 Output
21 3 (50 )
1.0k ~
! 7 ! 7 :
1 39 pF
7 220002 pF L
0.002 uF /= Y uwuw RFC 3
10 pH T 0.001 pF
+12 Vde . - - - —
T1: Primary Winding = 15 turns, #22 AWG wire, 1/4” ID Air Core T2: 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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DESCRIPTION OF SPEECH COMPRESSOR Table 1. Distortion versus Frequency
The amplifier drives the base of a PNP transistor operating Distortion Distortion
. R . X Frequency

common-emitter with a voltage gain of approximately 20. 10mVej | 100mVej | 10mVej | 100 mVe;
The control R1 varies the quiescent Q point of this transistor - " " -
so that varying amounts of signal exceed the level Vy. Diode 100 Hz 3.5% 12% 15% 27%
D1 rectifies the positive peaks of Q1’s output only when these 300 Hz 2% 10% 6% 20%
peaks are greater than Vy = 7.0 V. The resulting output is " . " "
filtered by Cy, Ry. 1.0 kHz 1.5% 8% 3% 9%

Ryx 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 10 S o o o
. " . 0 kH. 1.5% 8% 1% 3%
input resistance of the emitter—follower Q2) controls the z
decay time. Making the decay long and attack short is Notes 1 and 2 Notes 3 and 4
accomplished by making Ry small and R2 large. (A Notes: (1) Decay =300 ms (3) Decay =20 ms
Darlington emitter—follower may be needed if extremely slow Attack = 20 ms Attack = 3.0 ms
decay times are required.) (2) Cx=7.5uF (4) Cx=0.68uF

The emitter—follower Q2 drives the AGC Pin 5 of the Ry = 0 (Short) Ry = 1.5 kQ

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

Figure 24. Speech Compressor

+12 V? 25 uF
0.001
I
A —
1.0k l
b ANy
1.0k -
AN~
.{PQ 10 pF
1 € -0 Output

Input I

+12V 412V

R3
15Kk
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Internally Compensated,
High Performance
Operational Amplifier

The MC1741C 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

e (Offset Voltage Null Capability

® Wide Common Mode and Differential Voltage Ranges
Low Power Consumption

No Latch Up

MAXIMUM RATINGS

MC1741C

OPERATIONAL
AMPLIFIER

SEMICONDUCTOR
TECHNICAL DATA

Rating Symbol Value Unit
Power Supply Voltage Vce, VEE +18 Vde
Input Differential Voltage Vip +30 \
Input Common Mode Voltage (Note 1) Vicm +15 \
QOutput Short Circuit Duration (Note 2) tsc Continuous
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg -55t0+125 | °C

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)
0V
y ¢ !EJ—':' Je
Noninverting
Input W N
In:/erting 39k ;?30 o751 A 3
it E
o i e Output

| S 1 50

Offset :'i
Null - © y 50k %50
10k3 350k $1.0k $5.0k

-0 VEE

8
1

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

Offset Null [ 1]
Inv. Input
Noninv. Input

VEE [4 [5 ] Offset Null

(Top View)

ORDERING INFORMATION

Operating
Device Alternate |Temp Range| P g

MC1741CD - SO-8

MC1741CP1 | LM7a1oN | TA=0°10+70°C [ piagtic DIP
PATAITC

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vcg =+15V, VEg =—15V, Tp = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Input Offset Voltage (Rg < 10 k) Vio - 2.0 6.0 mvV
Input Offset Current llo : - 20 200 nA
Input Bias Current B - 80 500 nA
Input Resistance T 0.3 20 - MQ
Input Capacitance (o] - 14 - pF
Offset Voltage Adjustment Range VIOR - +15 - mV
Common Mode Input Voltage Range VICR +12 +13 - v
Large Signal Voltage Gain (Vo =+10V, R_22.0k) AvoL 20 200 - V/imV
Output Resistance o - 75 - Q
Common Mode Rejection (Rg < 10 k) CMR 70 90 - dB
Supply Voltage Rejection (Rg < 10 k) PSR 75 - - dB
Output Voltage Swing Vo v

(RL210k) +12 +14 -

(RL22.0Kk) +10 +13 -
Output Short Circuit Current Isc - 20 - mA
Supply Current Ip - 1.7 2.8 mA
Power Consumption Pc - 50 . 85 mw
Transient Response (Unity Gain, Noninverting)

(VI=20mV, R 2 2.0k, C_< 100 pF) Rise Time tTLH - 0.3 - us

(VI=20mV, R_2 2.0 k, C|_ < 100 pF) Overshoot 0s - 15 - %

(Vi=10V, RL > 2.0k, C|_ <100 pF) Slew Rate SR - 0.5 - Vips

ELECTRICAL CHARACTERISTICS (Vg = +15V, VEg =—15 V, TA = Tjow 10 Thigh, unless otherwise noted.)*

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10 kQ) Vio - - 75 mv
Input Offset Current (Tp = 0° to +70°C ) o - - 300 nA
Input Bias Current (Tp = 0° to +70°C ) B - - 800 nA
Supply Voltage Rejection (Rg < 10 k) PSR 75 - - dB
Output Voltage Swing (R 22.0 k) Vo +10 +13 - v
Large Signal Voltage Gain (R 22.0k, Vo =+10V) AvoL 15 - - VimV

*Tiow=0°C  Thigh =70°C
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Figure 1. Burst Noise versus Source Resistance Figure 2. RMS Noise versus Source Resistance
1000 S SSSEn Se s St 100 FEEH i=s
i R HR i i i i
. i - ] 1 1] 1
=2 il ||B||W1 11'|0 HZI 1'?"1'0 kHZl = 1 L 1 Il
=1 1 11/ I = BW=1.0Hzto1.0kHz Tl il
= 100 L] ET Il il n Il i
w = = H H S
8 i i 3 i i i i i
z i 10 ] 1 i T 1 1]
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i i T 1 i
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] il ]l I 11 Il i) Il
I Ii Il il 0.1 il I I I
10 100 1.0k 10k 100 k 1.0M 10 100 1.0 10k 100 k 1.0M
Rg, SOURCE RESISTANCE (€2) Rg, SOURCE RESISTANCE (Q)
Figure 3. Output Noise versus Source Resistance Figure 4. Spectral Noise Density
10 i T i 140
i 17 10 111 111
— r il T TC 'y
E |Eeaspmrmatmans iy i M
= 1 ~ = =
= i Ay = 1000 11— i i S 00 Ay =10, Rg =100k Q
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0.01 Il IRENII il Il
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Rg, SOURCE RESISTANCE (©) f, FREQUENCY (Hz)
Figure 5. Burst Noise Test Circuit
Positive
100 k
AN~ Threshold ©
Voltage
s To Pass/Falil
Indicator
1.0k
Operational Amplifier Low Pass
Under Test Filter
1.0Hz to 1.0 kHz
) Negative
Threshold
Voltage
Unlike conventional peak reading or RMS meters, this system was The test time employed is 10 sec and the 20 mV peak limit
especially designed to provide the quick response time essential refers to the operational amplifierinput thus eliminating errors
to burst (popcorn) noise testing. in the closed loop gain factor of the operational amplifier.
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Figure 6. Power Bandwidth
(Large Signal Swing versus Frequency)
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f, FREQUENCY (Hz)
Figure 8. Positive Output Voltage Swing
versus Load Resistance
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Figure 10. Output Voltage Swing versus
Load Resistance (Single Supply Operation)
28 :
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2 2 upply
= 24— 27V
g 2
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% 20 24V
18 |—— 21V
[17)
o 16
g 14 18V
e 12
E 10 15V
% 8.0 F— 12v —
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S 4
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o 50V
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Ry, LOAD RESISTANCE (k)

Ayol» VOLTAGE GAIN (dB)

Vo, OUTPUT VOLTAGE (Vpp)
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Figure 7. Open Loop Frequency Response

N

1.0 10 100 1.0k 10k

f, FREQUENCY (Hz)

100k 1.0M 10M

Figure 9. Negative Output Voltage Swing
versus Load Resistance

200 500 700 1.0k 2.0k

RL, LOAD RESISTANCE (Q)
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Figure 11. Single Supply Inverting Amplifier

100 uF

1.0k 10k
—vw—————— W
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Figure 12. Noninverting Pulse Response
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N Output —
s 1 \
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Figure 13. Transient Response Test Circuit
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(Input)
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(Output)
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Figure 14. Open Loop Voltage Gain

versus Supply Volitage
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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 Iggt input. This allows the amplifier’s
characteristics to be optimized for input current and power consumption
despite wide variations in operating power supply voltages.

® +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 supply voltage
less than +6.0 V)

7o Vee 70Vee

Rset Rset
Voc-06
= = Veoc-0.6-VEg
VEE©® lset= —p VEEO oo = ~CCT OO VEE
'set
set Rset
Typical Rget Values Typical Rget Values
Voo, VEE | Iset=151A | lset=15uA | | Vog, VEE | lset=1.50A | lset=15uA
+6.0V 3.6 MQ 360 kQ 15V 1.6 MQ 160 kQ
10V 6.2 MQ 620 kQ 3.0V 3.6 MQ 360 kQ
12V 7.5 MQ 750 kQ 6.0V 7.5 MQ 750 kQ
15V 10 MQ 1.0 MQ +15V 20 MQ 2.0 MQ
Active Programming
FET Current Source Bipolar Current Source

2 INJP Vee
6
3 —0
40 VEE
8
Ve
VEE

Pins not shown are not connected.

MC1776C

PROGRAMMABLE
OPERATIONAL AMPLIFIER

SEMICONDUCTOR
TECHNICAL DATA

1

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

Offset Null [7] 18] Iset

Invert [z Vi
Input{ d GG
Noninvert [3] (6] Output
Ve [4] [5] Offset Nuil

(Top View)

ORDERING INFORMATION

: Operating
Device Temperature Range | Package
MC1776CD SO-8
Ta =0°10 +70°C .
MC1776CP1 Plastic DIP
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MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

Rating Symbol Value Unit

Power Supply Voltages Vce,VEE +18 Vdc
Differential Input Voltage Vip +30 Vdc
Common Mode Input Voltage Vicm Vdc

Vce and IVEEl < 15V Vee,VEE

Vce and IVEg! =2 15V +15
Offset Null to VEg Voltage Voft-VEE +0.5 Vdc
Programming Current Iset 500 uA
Programming Voltage Vset (Vcc—2.0V) | Vdc

(Voltage from iget Terminal to Ground) toVce
Output Short Circuit Duration (Note 1) tsc Indefinite sec
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65 to +150 °C
Junction Temperature Ty 150 °C

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 Iggt < 30 pA.

Representative Schematic Diagram
8 Iset

7
—E pE o
30
+ A
j E I 6
. %0 Output

10—
Offset Null 50
50
10k % 10k% :1 l E
4
OVEE
Voltage Offset Null Circuit Transient Response Test Circuit
R

= =  Pins not shown are
not connected.
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ELECTRICAL CHARACTERISTICS (Voc=+3.0V, VEE=-3.0V, Iget= 1.5 uA, Tp = +25°C, unless otherwise noted.*)

Characteristic Symbol Min Typ Max Unit
Input Offset Voitage (Rg < 10 kQ) Vio mV
Ta =+25°C - 2.0 6.0
Tiow' < TA< Thigh” - - 7.5
Offset Voltage Adjustment Range VIOR - 9.0 - mV
Input Offset Current llo nA
Ta = +25°C - 0.7 6.0
Ta =Thigh - - 6.0
TA =Tiow - - 10
Input Bias Current B nA
Ta = +25°C - 2.0 10
TA =Thigh - - 10
TA = Tiow - - 20
Input Resistance f - 50 - MQ
Input Capacitance Cj - 2.0 - pF
Input Voltage Range Vip \%
TiowsTA S Thigh +1.0 - -
Large Signal Voltage Gain AvoL "%
RL275kQ, Vo =+1.0V, Tp = +25°C 25k 200 k -
RL275kQ, Vo =+1.0V, Tjow < TA < Thigh 25k - -
Qutput Voltage Swing Vo \
RL 275 KQ, Tiow < TA < Thigh +2.0 2.4 -
Output Resistance o - 5.0 - kQ
Output Short Circuit Current Isc - 3.0 - mA
Common Mode Rejection CMR dB
Rg <10k, Tiow < TA < Thigh 70 86 -
Supply Voltage Rejection Ratio PSRR A%
Rg <10 kQ, Tiow < TA < Thigh - 25 200
Supply Current Icc IEE uA
TA =+25°C - 13 20
Tiow<TA < Thigh - - 25
Power Dissipation Pp hw
Ta =+25°C - 78 120
Tiow<TAa< Thigh - - 150
Transient Response (Unity Gain)
Vin=20mV, R 25.0kQ, C =100 pF
Rise Time tTLH - 3.0 - us
Overshoot os - 0 - %
Slew Rate (R > 5.0 kQ) SR - 0.03 - Vius

“Tiow=0°C  Thigh =+70°C
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ELECTRICAL CHARACTERISTICS (Voc=+3.0V, VEE=-3.0V, Iget =15 pA, Ta = +25°C, unless otherwise noted.*)

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10 kQ2) Vio mV
TA = +25°C - 2.0 6.0
Tiow" s Ta< Thigh' - - 7.5
Offset Voltage Adjustment Range VIOR - 18 - mV
Input Offset Current lo nA
Ta = +25°C - 2.0 25
Ta = Thigh - - 25
TA=Tiow - - 40
Input Bias Current B nA
TA = +25°C - 15 50
TA = Thigh - - 50
TAa=Tiow - - 100
Input Resistance fj - 5.0 - MQ
Input Capacitance [ - 2.0 - pF
Input Voltage Range ViD \
Tiow < TA < Thigh +1.0 - -
Large Signal Voltage Gain AyoL VNV
RL25.0kQ, Vo =£1.0V, Tp = +25°C 25k 200 k -
R 25.0kQ, Vo =+1.0V, Tiow < TA < Thigh 25k - -
Output Voltage Swing Vo \
RL 25.0kR, Tiow < TA < Thigh 2.0 +2.1 -
Output Resistance fo - 1.0 - kQ
Output Short Circuit Current Isc - 5.0 - mA
Common Mode Rejection CMR dB
Rg < 10kQ, Tiow < TA < Thigh 70 86 -
Supply Voltage Rejection Ratio PSRR uviv
Rg < 10KQ, Tiow < TA < Thigh - 25 200
Supply Current Icc, IEe LA
Ta = +25°C - 130 170
Tiow < TA < Thigh - - 180
Power Dissipation Pp uw
Ta =+25°C - 780 1020
Tiow<TA< Thigh - - 1080
Transient Response (Unity Gain)
Vin=20mV, R 25.0kQ, C|_= 100 pF
Rise Time tTLH - 0.6 - us
Overshoot os - 5.0 - %
Slew Rate (R 2 5.0 kQ) SR - 0.35 - Vius
*Tiow = 0°C Thigh =+70°C
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ELECTRICAL CHARACTERISTICS (Voo =+15V, VEE=-15V, Iget = 1.5 uA, Tp = +25°C, unless otherwise noted.*)

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10 kQ) Vio mV
Ta =+25°C : - 20 6.0
Tiow* <TA< Thigh* - - 7.5
Offset Voltage Adjustment Range VIOR - 9.0 - mV
Input Offset Current llo nA
Ta=+25°C - 0.7 6.0
TA =Thigh - - 6.0
TA = Tiow - - 10
Input Bias Current B nA
Ta =+25°C - 2.0 10
Ta= Thigh - - 10
TA = Tiow - - 20
Input Resistance T - 50 - MQ
Input Capacitance cj - 2.0 - pF
Input Voltage Range ViD \"
Tiow<TAS Thigh +10 - -
Large Signal Voltage Gain AvoL VIV
RL 275kQ, VO =10V, Ta = +25°C 50 k 400 k -
R 275 kQ, VO =£10V, Tiow < TA < Thigh 50k - -
Output Voltage Swing Vo \
R 275 kQ, Tp = +25°C +12 £14 -
RL 275 kQ, Tiow < TA < Thigh +10 - -
Output Resistance o - 5.0 - kQ
Output Short Circuit Current Isc - 3.0 - mA
Common Mode Rejection CMR dB
Rg < 10kQ, Tijow < TA < Thigh 70 90 -
Supply Voltage Rejection Ratio PSRR uvwv
Rg < 10k, Tjow < TA < Thigh - 25 200
Supply Current Icc, [EE pnA
Ta = +25°C - 20 30
Tiow < TA < Thigh - - 35
Power Dissipation Pp mw
TA =+25°C - 780 0.9
Tiow < TA < Thign - - 1.05
Transient Response (Unity Gain)
Vin=20mV, R 25.0kQ, C|_= 100 pF
Rise Time tTLH - 1.6 - us
Overshoot 0s - 0 - %
Slew Rate (R = 5.0 kQ) SR - 0.1 - Vius

*Tlow = 0°C Thigh =+70°C
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ELECTRICAL CHARACTERISTICS (Vcc=+15V, VEE=—-15V, Iget= 15 pA, Ta = +25°C, unless otherwise noted.*)

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10 kQ) Vio mV
Ta=+25°C - 20 6.0
Tiow” < TA < Thigh" - - 75
Offset Voltage Adjustment Range VIOR - 18 - mV
Input Offset Current o nA
Ta = +25°C - 2.0 25
Ta= Thigh - - 25
TA = Tiow - - 40
Input Bias Current B nA
TA=+25°C - 15 50
TA = Thigh - - 50
TA=Tiow - - 100
Input Resistance f - 5.0 - MQ
Input Capacitance Cj - 2.0 - pF
Input Voltage Range Vip \%
Tiow<TA< Thigh +10 - -
Large Signal Voltage Gain AyoL VA%
RL25.0kQ, Vo =+10V, Tp = +25°C 50 k 400 k -
RL 2 75kQ, Vo =+10V, Tiow < TA < Thigh 50 k - -
Output Voltage Swing Vo \
Rp 25.0kQ, Tp = +25°C +10 +13 -
RL 275 kQ, Tiow < TA < Thigh +10 - -
Output Resistance o - 1.0 - kQ
Output Short Circuit Current Isc - 12 - mA
Common Mode Rejection CMR dB
Rg < 10kQ, Tiow < TA < Thigh 70 920 -
Supply Voltage Rejection Ratio PSRR uvnv
Rg < 10k, Tjow < TA < Thigh - 25 200
Supply Current Icc [EE RA
Ta=+25°C - 160 190
Tiow < TA < Thigh - - 200
Power Dissipation Pp ww
Ta = +25°C - - 5.7
TiowsTA< Thigh - - 6.0
Transient Response (Unity Gain)
Vin=20mV, R_ 25.0 kQ, C|_=100 pF
Rise Time TLH - 0.35 - us
Overshoot os - 10 - %
Slew Rate (R > 5.0 kQ2) SR - 0.8 - Vius

“Tiow=0°C  Thigh =+70°C

MOTOROLA ANALOG IC DEVICE DATA 2-109



MC1776C

Figure 1. Set Current versus Set Resistor

Figure 2. Positive Standby Supply Current
versus Set Current

100 M < 1000 =
= : = Voo =+15V =1 g = +3.0V<Vpps+18V
= NS ST VEE=-15V 111 z - -3.0V>Vgg>-18V L
=} 3 ReettoVgg 1 1 T ITT1 o
c 10M & Veo=+15V ¢ < 100
2 : VEE=-15V § 3
2 [ Voo=+30V N Reetto GND =
W VEE=-30V NN o
E 1.0M E Roatto VEE £ 2 10
D Lv H— s :0 v f i _T a
B CC =+ < Z
o 100k VEg=-30V | D> LN & 10
Rset to GND W
>
1117 T T T ;
0 =
T T T ] S 01
10k a
0.1 1.0 10 100 0.01 0.1 1.0 10 100
Isets SET CURRENT (1A) Iset, SET CURRENT (uA)
Figure 3. Open Loop Gain versus Set Current Figure 4. Input Bias Current versus Set Current
107 100
_ = Veo=H5V
S L VEg=-15V . z
s | R =75k RN g /
I 106 A g
o =522 i z 10 +3.0V<Veo<+8Y
S — o > -30V2VEg2-18V
2 - Veo=+3.0V o E
» A 7] A
Z VEg=-3.0V = pd
& 108 = 5 10 V
A z
S == =
< @
104 0.1
0.1 1.0 10 100 0.01 0.1 1.0 10 100
Iset, SET CURRENT (uA) Iset, SET CURRENT (1A)
Figure 5. Input Bias Current Figure 6. Gain Bandwidth Product
versus Ambient Temperature versus Set Current
30 . - : = 10M
+3.0V<Vpoos+18V < ; t 4
g B0V VEg 2-18V 5 1 S aa
= o
T = F Voo =+15V T ——
3 18 5 | VEE=-15V . Vec=+3.0V
e 2 i VEE=-30V | ||
2 ~ = 100k
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= 12 S < TT
=) o T
a =
= o I 10k
Qo 60 lget = 1.5 pA ~ A
= —_— ~ =
[ ] © ~
0 1.0k
60 -40 -20 0 20 40 60 80 100 120 140 0.1 1.0 10 100
T, TEMPERATURE (°C) Iset, SET CURRENT (uA)
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Figure 7. Output Voltage Swing
versus Load Resistance

30

Figure 8. Supply Current
versus Ambient Temperature

150

5 Veg=+15V ———— ]
o VEg=-15V » —
I - A _ L
3 o 24|lset=15KA Veo=+15V T 1o0f=TF
e 4 VEg=-15V = —
) DY oot~ 15 1A = ! T lse= 18
3 = 18 L se - b9 lget = 1.5 pA Veoc=430V |
e /1 z Voo =+15V VEE=-3.0V
L8 7 3 VEE=-15V lset = 1.5 uA
gy 1 Voo =+3.0V = 60 P Vog=+30V
= o & set = 1.5 pA -
== VEE=-3.0V i % Ve =415y —F— VEE=-30V
e 15 PA < gy <15 pA ? cc=+15
L 60 & 30 VEg =15V
ottt - | \
0
1.0k 10k 100k 1.0M 60 —40 20 0 20 40 60 80 100 120 140
R, LOAD RESISTANCE (€2) T, AMBIENT TEMPERATURE (°C)
Figure 9. Output Voltage Swing Figure 10. Slew Rate
versus Supply Voltage versus Set Current
40 10 ===2s2
s 3
% 32 -
o 28 LA B — =
4o, 15pA<lgq=tsmh | Ao st oA | 2
s RL=75k AT =
g3 2 L S
= ] £
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= 40 7]
0 0.001 '
0 20 40 60 80 10 12 14 16 18 20 0.01 0.1 1.0 10 100
Vee, (VEE), SUPPLY VOLTAGES (V) Isets SET CURRENT (uA)
Figure 11. Input Noise Voltage Figure 12. Optimum Source Resistance for
versus Set Current Minimum Noise versus Set Current
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e a
< IS s
w
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Figure 13. Wien Bridge Oscillator

Figure 15. Multiple Feedback Bandpass Filter
2k (1.0 kHz)

Input

fora1.0kHzfiter ~ R1=160k

-5V
withQ =10 gz=g§gk
and A (fo) = 1 5 =
f C=001 pF
f 1 (for fo = 1.0 kHz)
°7 2nRC o= . -
Figure 16. Gated Amplifier
R=16 kQ ’
C=0.01pF

Figure 14. Multiple Feedback Bandpass Filter

Input

Ry
Vin
Gate
VEE
For a given: Choose a value for C, then
fo = center frequency Q Figure 17. High Input Impedance Amplifier
A (fo) = Gain at center frequency Rs= e
Q = quality factor o S0M _ 10k
Ry = —R5_ . IVW__L
2A (fo)
Ro= R1,R5
2= 402R1-R5
To obtain less than 10% error from the operational amplifier:
Qof
_9_9 S 0.1
GBW

where fo and GBW are expressed in Hz. GBW is available from
Figure 6 as a function of Set Current, Igt.

2-112

MOTOROLA ANALOG IC DEVICE DATA



@ MOTOROLA
MC3301, LM2900,

LM3900

Quad Single Supply

H H QUAD
operatlonal Ampllflers OPERATIONAL AMPLIFIERS

These internally compensated Norton operational amplifiers are designed
specifically for single positive power supply applications found in industrial

control systems and automotive electronics. Each device contains four SEMICONDUCTOR

independent amplifiers — making it ideal for applications such as active TECHNICAL DATA

filters, multi-channel amplifiers, tachometers, oscillators and other similar

usage.

® Single Supply Operation

® Internally Compensated

® Wide Unity Gain Bandwidth: 4.0 MHz Typical N, P SUFFIX

® Low Input Bias Current: 50 nA Typical PLASTIC PACKAGE
. N - 14 CASE 646

® High Open Loop Gain: 1000 V/V Minimum .

[ J

Large Output Voltage Swing: (VcC - 1) Vpp

D SUFFIX /
PLASTIC PACKAGE 14\@

CASE 751A 1
MAXIMUM RATINGS (SO-14)
LM2900/
Rating Symbol LM3900 MC3301 Unit
Supply Voltage Vee +32 +28 v
Input Current lin 5.0 mA PIN CONNECTIONS
(tin+ or lin-)
Output Current lo 50 mA U
Power Dissipation (Tp = +25°C) PD 625 mw Input 1 E @ Vee
Derate above Tp = +25°C 1/RgyA 5.0 mW/°C Noninv
Ambient Temperature Range Ta °C fnput2 lz E Inp’;n 3‘
LM2900 —-40to +85 | —40to +85 v 5 :! oninv
LM3900 010470 Input 2 V 12}7 Input 4
Storage Temperature Range Tstg —65to +150 °C 2 E IT] :nv ”
om{ e
1 E E} 4Out
Inv
Input 1 6 :5——' 8
Inv
Gnd E 8 Input 3
(Top View)
ORDERING INFORMATION
Operating
Device | Temperature Range Package
LM3900D SO-14
Ta =0°10 +70°C
LMS3900N Plastic DIP
LM2900N a0 o
MC3301P Ta =—40° to +85°C
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ELECTRICAL CHARACTERISTICS (Vg = +15 Vdc, R = 5.0 kQ. TA = +25°C [each amplifier], unless otherwise noted.) ‘

LM2900 LM3900 MC3301
Characteristic =~ . Symbol Min Typ Max Min Typ Max Min Typ Max Unit
Open Loop Voltage Gain AvoL VimV
f=100 Hz, R_ =5.0k 1.2 2.0 - 1.2 2.0 - 1.2 2.0 -
TA = Tiow 10 Thigh (Notes 1, 2) - - - - - - - - -
Input Resistance (Inverting Input) fj - 1.0 - - 1.0 - - 1.0 - M
Output Resistance o - 8.0 - A 8.0 - - 8.0 - kQ
Input Bias Current (Inverting Input) . ig - 50 200 - 50 200 - 50 300 nA
TA = Tiow 10 Thigh (Note 1) -~ - - - - - - - -
Slew Rate (C| =100 pF, R =2.0k) SR Vius
Positive Output Swing - 0.5 - - 0.5 - - 0.5 -
Negative Output Swing - 20 - - 20 - - 20 -
Unity Gain Bandwidth BW - 4.0 - - 4.0 - - 4.0 - MHz
Output Voltage Swing (Note 7) \
Vec=+15V, R =2.0k
Vout High (lin™=0, ljn +=0) VoH 135 142 - 135 14.2 - 13.5 14.2 -
Vout Low (lin™ =10 A, lin +=0) . VoL - 0.03 0.2 - 0.03 0.2 - 0.03 0.2
Ve = Maximum Rating, R = .
Vout High (lin™ =0, lin += 0) VoH - 29.5 - - 29.5 - - 255 -
Output Current mA
Source ISource 6.0 10 - 6.0 10 - 5.0 10 5.0
Sink (Note 3) 1Sink 05 | 087 - 05 | 087 - 05 | 087 | 05
Low Level Output Current loL - 5.0 - - 5.0 - - 5.0 -
linm=5.0uA, VoL =10V
Supply Current (All Four Amplifiers) mA
Noninverting Inputs Open Ipo - 6.9 10 - 6.9 10 - 6.9 10
Noninverting Inputs Grounded Ibg - 7.8 14 - 7.8 14 - 7.8 14
Power Supply Rejection (f = 100 Hz) PSR - 55 - - 55 - - - 55 - dB
Mirror Gain (TA = Tiow 10 Thigh; Notes 1, 4) A WA
lin += 20 pA 0.90 1.0 1.1 0.90 1.0 11 0.90 1.0 11
lin +=200 uA 0.90 1.0 1.1 0.90 1.0 1.1 0.90 1.0 11
A Mirror Gain (TA=Tigy to Thigh; Notes 1,4) AA; - 2.0 5.0 - 2.0 5.0 - 2.0 5.0 %
20 pA < lip + < 200 pA
Mitror Current (Ta = Tiow 0 Thigh; Notes 1,5) - 10 500 - 10 500 - 10 500 HA
Negative Input Current (Note 6) - 1.0 - - 1.0 - - 1.0 - mA
NOTES: 1.Tjoy = —40°C for LM2900, MC3301 Thigh = +85°C for LM2900, MC3301
='0°C for LM3900 = +70°C for LM3900

2. Open loop voltage gain is defined as voltage gain from the inverting input to the output.

3. Sink current is specified for analog operation. When the device is used as a comparator (non-analog operation) where the inverting input is
overdriven, the sink current (low level output current) capability is typically 5.0 mA.

4. This specification indicates the current gain of the current mirror which is used as the noninverting input.

5. Input VR match between the noninverting and inverting inputs occurs for a mirror current (noninverting input current) of approximately 10 pA.

6. Clamp transistors are included to prevent the input voltages from swinging below ground more than approximately 0.3 V. The negative input
currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values of approximately 1.0 mA. If
more than one of the input terminals are simultaneously driven negative, maximum currents are reduced. Common mode biasing can be used to
prevent negative input voltages.

7. When used as a noninverting amplifier, the minimum output voltage is the Vgg of the inverting input transistor.
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Figure 1. Open Loop Voltage Gain
versus Frequency
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Figure 3. Output Resistance
versus Frequency
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Figure 5. Analog Source Current
versus Supply Voltage
20
)
€ -
=
£ 1 P
(&]
wl
1 = VoH = 0.4 Vde
5 80
3 1
s
2 40
p)
o

0 30 60 90 12 15 18 20 24 27 30
SUPPLY VOLTAGE (Vdc)

OPEN LOOP VOLTAGE GAIN (V/V)
D0, IpG » SUPPLY CURRENT (mAdc)

OUTPUT SINK CURRENT ( pA)

2500

2000

1500

1000

500

8.0

6.0

4.0

20

1000

-
i=3
S

=23
[=3
S

F
=3
S

n
(=3
(=3

Figure 2. Open Loop Voltage Gain
versus Supply Voltage
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Figure 4. Supply Current versus
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Figure 6. Analog Sink Current
versus Supply Voltage
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MC3301, LM2900, LM3900
OPERATION AND APPLICATIONS

Basic Amplifier

The basic amplifier is the common emitter stage shown in
Figures 7 and 8. The active load |4 is buffered from the input
transistor by a PNP transistor, Q4, and from the output by an
NPN transistor, Q2. Q2 is biased Class A by the current
source lp. The magnitude of l2 (specified Igjnk) is a limiting
factor in capacitively coupled analog operation at the output.

The sink of the device can be forced to exceed the specified
level by keeping the output DC voltage above = 1.0 V
resulting in an increase in the distortion appearing at the
output. Closed loop stability is maintained by an on-the—chip
3—pF capacitor shown in Figure 10 on the following page. No
external compensation is required.

Figure 7. Block Diagram

Vee
14 O T* »-
pos w3 30
Gnd T > 20
P
= Operational Operational
Amplifier # 1 Amplifier # 3
Ve os™ g
14 O-9-¢ 4?
%
Q5
N Q2
10k 3 |g7 C1 o Q2
3.0pl T 0 10
Q :
Q3
CRRY. .. CR1
8§3¥ q _ It » K Q10
1 N6 ht
b = 12 =
701
Gnd Multiple emitter (8) transistor — one emitter connected to each input.

A noninverting input obtained by adding a current mirror as
shown in Figure 9. Essentially all current which enters the
noninverting input, lint, flows through the diode CR1. The
voltage drop across CR1 corresponds to this input current
magnitude and this same voltage is applied to a matched
device, Q3. Thus Q3 is biased to conduct an emitter current
equal to lin*. Since the alpha current gain of Q3 = 1, its

Figure 8. A Basic Gain Stage

Vee

Q2
(-) Qt ~O Qutput

I2

collector current is approximately equal to lint also. In
operation this current flows through an external feedback
resistor which generates the output voltage signal. For
inverting applications, the noninverting input is often used to
set the DC quiescent level at the output. Techniques for doing
this are discussed in the “Normal Design Procedure” section.

Figure 9. Obtaining A Noninverting Input
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Biasing Circuitry

The circuitry common to all four amplifiers is shown in
Figure 11. The purpose of this circuitry is to provide biasing
voltage for the PNP and NPN current sources used in the
amplifiers.

The voltage drops across diodes CR2, CR3 and CR4 are
used as references. The voltage across resistor R1 is the
sum of the drops across CR4 and CR3 minus the VBE of Q8.
The PNP current sources (Q5, efc.) are set to the magnitude
VBE/R1 by transistor Q6. Transistor Q7 reduces base current

Figure 10. A Basic Operational Amplifier

P Vee

O Output

loading. The voltage across resistor Ro is the sum of the
voltage drops across CR2, CR3 and CR4, minus the VBE
drops of transistor Q9 and diode CR5; thus the current set is
established by CR5 in all the NPN current sources (Q10,
etc.). This technique results in current source magnitudes
which are relatively independent of the supply voltage. Q11
(Figure 7) provides circuit protection from signals that are
negative with respect to ground.

Figure 11. Biasing Circuitry

¢ Voe

10k

CRRY

L

CR3
CR4 ¥

T

NORMAL DESIGN PROCEDURE

1. Output Q-Point Biasing

A. A number of techniques may be devised to bias the
quiescent output voltage to an acceptable level.
However, in terms of loop gain considerations it is
usually desirable to use the noninverting input to
effect the biasing, as shown in Figures 12 and 13.
The high impedance of the collector of the
noninverting “current mirror” transistor helps to
achieve the maximum loop gain for any particular
configuration. It is desirable that the noninverting
input current be in the 10 pA to 200 pA range.

B. Vg Reference Voltage (see Figures 12 and 13)
The noninverting input is normally returned to the
V¢ voltage (which should be well filtered) through
a resistor (Ry) allowing the input current, (lin*) to be
within the range of 10 pA to 200 pA.

Choosing the feedback resistor (Rf) to be equal to
1/5 Ry will now bias the amplifier output DC level to
approximately Vcc/2. This allows the maximum
dynamic range of the output voltage.

C. Reference Voltage other than Vo (see Figure 14)
The biasing resistor (Ry) may be returned to a
voltage(Vy) other than Vg, By setting Rf = Ry, (still
keeping lin +between 10 pA and 200 pA) the output
DC level will be equal to Vy. The expression for
determining VO is:

Vodc = (———A‘)(;’:)(th (1 —BRir A) o

where ¢ is the VBg drop of the input transistors
(approximately 0.6 Vdc @ +25°C and assumed
equal). Aj is the current mirror gain.
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Figure 12. Inverting Amplifier

f
510k

2. Gain Determination
A. Inverting Amplifier

The ampilifier is normally used in the inverting mode.
The input may be capacitively coupled to avoid
upsetting the DC bias and the output is normally
capacitively coupled to eliminate the DC voltage
across the load. Note that when the output is
capacitively coupled to the load, the value of Igjnk
becomes a limitation with respect to the load driving
capabilities of the device if it is direct coupled. In this
configuration, the AC gain is determined by the ratio
of Rito R;, in the same manner as for a conventional
operational amplifier:

R
AV:‘F{I‘

Figure 14. Inverting Amplifier with
Arbitrary Reference

R
e

D——-OVO

*Select for low frequency response.

Figure 13. Noninverting Amplifier

Ry (R)(A)
510k Ay = % 1
Rit i +mA)
BW =250 kHz
Vo
+5.0 uF
10k

The lower corner frequency is determined by the
coupling capacitors to the input and load resistors.
The upper corner frequency will usually be
determined by the amplifier internal compensation.
The amplifier unity gain bandwidth is typically
400 kHz with 20 dB of closed loop gain or 40 kHz
with 40 dB of closed loop gain. The exception to this
occurs at low gains where the input resistor
selected is large. The pole formed by the amplifier
input capacitance, stray capacitance and the input
resistor may occur before the closed loop gain
intercepts the open loop response curve. The
inverting input capacity is typically 3.0 pF.

Figure 15. Inverting Amplifier with
Ay =100 and Vy = Voo

510k
AN
+15V
0.4 uF
Vip ) F—— 0.1 pf
51k | Vo
10k
1.0
VI’ = =

+15V fi =300 Hz, fyy = 50 kHz

Ay =100
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Noninverting Amplifier

These devices may be used in the noninverting mode
(see Figure 13). The amplifier gain in this configuration is
subject to the current mirror gain. In addition, the
resistance of the input diode must be included in the
value of the input resistor. This resistance is

approximatelyl_z—a+ Q, where lin+is input current in
in

milliamperes. The noninverting AC gain expression is
given by:

(Re)(A)
Rj+

Av= 26

lin +(mA)

The bandwidth of the noninverting configuration for a
given Rf value is essentially independent of the gain
chosen. For Rf = 510 kQ the bandwidth will be in excess
of 200 kHz for noninverting of 1, 10, or 100. This is a
result of the loop gain remaining constant for these gains
since the the input resistor is effectively isolated from the
feedback loop.

Figure 16. Tachometer Circuit

Veo=+12V
Magnetic Pickup
Hysteresis Amplifier 130 Monostable Multivibrator Pulse Averaging
100 k N
MSD6100
or equiv 6.1V
Magnetic Power
Pickup o Supply
(nonregulated)
R1
MSD6100 =
or equiv
Hysteresis Voltage for Switching Timing Interval: t = 0.7 R1 C1 Vop = (Vo-06)eAjet
AR2
Vu= "Ry Vee-16) RyC1

Figure 17. Voltage Regulator

Vi
71 CC

R2

Vo
R2
Vo=Vz1+06(1 B )-VBE a

Note:  For positive Tc zeners R2 and R1 can be
selected to give Tg output.

Figure 18. Logic “OR” Gate

150 k

Voo = +15 Vde

f=A+B+C
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Figure 19. Logic “NAND” Gate (Large Fan-in) Figure 20. Logic “NOR” Gate

Veg =+15 Vde

75k

A o—i— A ;
B o—id B
o———!{——J
¢ f I 150k f=A+B+C+D
D o—id—
«—i€—- D
E __ _ _ Vec=+15Vde
f=AeBeCeDeEsee f=A+B4C4D
Vee
Figure 21. R-S Flip-Flop ' Figure 22. Astable Multivibrator
0.1 uF Vo =+15Vde
! 100k ¢
L 51k
1.0M !
51k 1.0M —* Vo
Reset Set = =
Figure 23. Positive-Edge Differentiator Figure 24, Negative~Edge Differentiator
Output Rise Time =~ 0.22 ms 0.001 uF
Input Change Time Constant =~ 1.0 ms ) f
0.001 uF
Y| 100 k
7 AV
100 k ;
———9 il_l—- 0.002uF 51k o V0
AVin ¥ -~
¥ 0002 uF e \o 150k
H 51k
Voo =+15 Vde
VO(dc? =~7.0 Vde
Output Rise Time = 0.22 ms

Input Change Time Constant = 1.0 ms
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Figure 25. Amplifier and Driver for a 50 Q Line

510k
2%9%%
+15V
51k
Vin &) F—
0.1 pF
20 uF
1N914 »ii Vo
12M § or equiv
1N914
or equiv 2N4403 50
or equiv
Ay=10 56k .
Vo =6.0V(pp)

. il
+15V - - - -

Figure 26. Basic Bandpass and Notch Filter

Rt
cxi0  TBP
Vin o) -g— 4
R2 9
Tgp = Center Frequency Gain
TN = Passband Notch Gain
1
Wo= Re * * » Voo
R1=QR
Q Ri 2(R111R3) TNR2
R1 R2

= Al R3
R2 Tap AN hd b 10 |_ﬁolch
R3=TNR2 o . c1

Figure 27. Bandpass and Notch Filter

LS
0.035 uF
A 0.005 uF 100 k
N AAA—

J1

Voe (Pin14) = +12V
Ground - Pin 7
Center Frequency 500 Hz

Bandpass Gain =1

Bandpass Output —» Pin4
Notch Qutput ———Pin 10
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Figure 28. Voltage Regulator

1N3824

43V ; or equiv
Voo NOTES T s used tobi
1.0Q/16 W : 1. Ris used to bias the zener.

2. Ifthe zener TC is positive, and equal in
magnitude to the negative TC of the input
to the operational amplifier (2.0 mV/°C),
the output is zero—TC. A 7.0 V zener will
give approximately zero-TC.

MJES00 -e Vo
or equiv 50Vat4.0A

Figure 29. Zero Crossing Detector

Veo=+15V
b
1.0M 10M
Input D@%Q—— ov
510k 510k

AMNNA—& Output

Magnetic ov
Pickup g4 ¢ 510k Output
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Quad Low Power
Operational Amplifiers

The MC3403 is a low cost, quad operational amplifier with true differential
inputs. The device has electrical characteristics similar to the popular
MC1741C. However, the MC3403 has 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 36 V
with quiescent currents about one third of those associated with the

MC3403
MC3303

QUAD DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

MC1741C (on a per amplifier basis). The common mode input range SEMICONDUCTOR
includes the negative supply, thereby eliminating the necessity for external TECHNICAL DATA
biasing components in many applications. The output voltage range also
includes the negative power supply voltage.
® Short Circuit Protected Outputs
® Class AB Output Stage for Minimal Crossover Distortion @
® True Differential Input Stage "N
® Single Supply Operation: 3.0 V to 36 V D SUFFIX
® Split Supply Operation: +1.5 V to +18 V PLAgﬂgEP;“SCi‘;AGE
® Low Input Bias Currents: 500 nA Max (50-14)
® Four Amplifiers Per Package
® |nternally Compensated
® Similar Performance to Popular MC1741C
® |ndustry Standard Pinouts
® ESD Diodes Added for Increased Ruggedness PMS';l%UFf:CI:)P((AGE
Single Supply Split Supplies CASE 646
3.0V1036V[| Voo VCC(!)————_L
S—>—to 9 | o = 15Vito18V
[ PIN CONNECTIONS
O O
o El) O o =)
O O N\
O Er o O o = Out 1 E E Out4
o !’ o o |, = 15Vio18V
O o E E
g VEE, Gnd VEE Inputs 1 Ej>‘ -\_:]} Inputs 4
3 12
MAXIMUM RATINGS Veo E E VEE/Gnd
{ bol Val I
Rating Symbo alue Unit E E
Power Supply Voltages Vdc Inputs 2 } Inputs 3
Single Supply vee 36 [e] 9]
Split Supplies Vce: VEE +18
Input Differential Voltage Range (Note 1) VIDR +36 Vdc Out2 [z E_-' Out3
Input Common Mode Voltage Range VICR +18 Vde (Top View)
(Notes 1, 2)
Storage Temperature Range Tstg -55t0+125 | °C
- - ORDERING INFORMATION
Operating Ambient Temperature Range TA °C
MC3303 ~40 to +85 Operating
MC3403 0to +70 Device |Temperature Range| Package
Junction Temperature TJ 150 °C MC3303D . N SO-14
MC3303P | TA=—-40°10+85°C | pjagiic pip

NOTES: 1. Split power supplies.
2. For supply voltages less than +18 V, the absolute maximum input voltage is equal
to the supply voltage.

SO-14
MC3403D 5 !
MC3403P Ta = 0°to +70°C Plastic DIP

MOTOROLA ANALOG IC DEVICE DATA

2-123




MC3403 MC3303

ELECTRICAL CHARACTERISTICS (VcG = +15V, VEE = ~15 V for MC3403; VG = +14 V, VEE = Gnd for MC3303

Ta = 25°C, unless otherwise noted.)

) MC3403 MC3303
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - 2.0 10 - 2.0 8.0 mV
TA = Thigh to Tiow (Note 1) - - 12 - - 10
Input Offset Current o - 30 50 - 30 75 nA
TA = Thigh to Tiow - - 200 - - 250
Large Signal Open Loop Voltage Gain AvoL Vimv
Vo=+10V, R =2.0kQ 20 200 - 20 200 -
TA = Thigh to Tiow 15 - - 15 - -
Input Bias Current B - -200 -500 - -200 -500 nA
TA = Thigh to Tiow - - -800 - - ~1000
Output Impedance f = 20 Hz Z9 - 75 - - 75 - Q
Input Impedance f = 20 Hz zj 0.3 1.0 - 0.3 1.0 - MQ
Output Voltage Range Vo v
R =10 kQ +12 +13.5 - 12 12.5 -
R =2.0kQ +10 +13 - 10 12 -
R =2.0kQ, TA = Thigh to Tjow +10 - - 10 - -
Input Common Mode Voltage Range VicR +13V | +13V - +12V |[+125V - \
-VEe | -VEE -VEE | -VEE
Common Mode Rejection Rg < 10 k Q CMR 70 90 - 70 90 - dB
Power Supply Current (Vo = 0) R|_ = Icc IEE - 2.8 7.0 - 2.8 7.0 mA
Individual Output Short—Circuit Current (Note 2) Isc +10 +20 +45 +10 +30 +45 mA
Positive Power Supply Rejection Ratio PSRR+ - 30 150 - 30 150 uvv
Negative Power Supply Rejection Ratio PSRR- - 30 150 - 30 150 uvv
Average Temperature Coefficient of Input AYo/AT - 50 - - 50 - pA/°C
Offset Current
TA = Thigh to Tiow
Average Temperature Coefficient of Input AVI/AT - 10 - - 10 - uv/ec
Offset Voltage
TA = Thigh to Tiow
Power Bandwidth BWp - 9.0 - - 9.0 - kHz
Ay =1, R =10kQ, Vo = 20 V(p—p), THD = 5%
Small-Signal Bandwidth BW - 1.0 - - 1.0 - MHz
Ay =1, R =10kQ, Vo =50 mV
Slew Rate Ay =1, Vj=-10Vto+10V SR - 0.6 - - 0.6 - Vius
Rise Time Ay =1, R =10 kQ, Vo =50 mV tTLH - 0.35 - - 0.35 - us
Fall Time Ay = 1, R = 10kQ, Vo = 50 mV tTLH - 0.35 - - 0.35 - us
Overshoot Ay = 1, R = 10 kQ, Vo = 50 mV os - 20 - - 20 - %
Phase Margin Ay = 1, R = 2.0 kQ, Vo = 200 pF om - 60 - - 60 - Degrees
Crossover Distortion - - 1.0 - - 1.0 - %
(Vin = 30 mVpp,Vout= 2.0 Vpp, f = 10 kHz)

NOTES: 1. Thig = +70°C for MC3403, +85°C for MC3303
Tiow = 0°C for MC3403, —40°C for MC3303
~ 2. Not to exceed maximum package power dissipation.
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ELECTRICAL CHARACTERISTICS (Vgc =5.0V, VEE = Gnd, Ta = 25°C, unless otherwise noted.)

MC3403 MC3303
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - 2.0 10 - - 10 mV
Input Offset Current o - 30 50 - - 75 nA
Input Bias Current B - -200 -500 - - -500 nA
Large Signal Open Loop Voltage Gain AvoL 10 200 - 10 200 - V/imV
R =2.0kQ
Power Supply Rejection Ratio PSRR - - 150 - - 150 nv/Nv
Output Voltage Range (Note 3) VOR Vpp
RL=10kQ, Vcc =50V 33 3.5 - 3.3 35 -
RL=10kQ,50<Voc<30V Vcc—2.0 (Vee-1.7 - Vee-2.0 | Voe-1.7 -
Power Supply Current Icc - 2.5 7.0 - 25 7.0 mA
Channel Separation Cs - -120 - - -120 - daB
f=1.0 kHz to 20 kHz
(Input Referenced)

NOTES: 3. Output will swing to ground with a 10 kQ pull down resistor.

Representative Schematic Diagram
(1/4 of Circuit Shown)
Bias Circuitry
Common to Four
Output , Amplifiers

. . oV
S ST v R
020'\; ]j_‘ Qi7 WF_‘ i

az 40k
5.0pF
i€ 31k

\4
o ? Q15
Q22 Q24 "_‘I/\_‘
2.0k
Inputs o Q9 Q18 a5
N 3Tk an
-o—{ a1 25 ® at2
ot
Qi Q5 7 Q1o
Q3 Q4 60k Q8

\"/

By

~4-4-0 Vg (Gnd)
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CIRCUIT DESCRIPTION

Inverter Pulse Response

5.0 VDIV

L

[
20 ps/DIV

The MC3403/3303 is made using four internally
compensated, two-stage operational amplifiers. The first
stage of each consists of differential input device Q24 and
Q22 with input buffer transistors Q25 and Q21 and the
differential to single ended converter Q3 and Q4. The first

Figure 1. Sine Wave Response

bbbk

0.5 VDIV

50 mv/DIV

50 us/DIV

AyoL , LARGE SIGNAL
OPEN LOOP VOLTAGE GAIN (dB)
/

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 Q24 and Q22.
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.

The output stage is unique because it allows the output to
swing to ground in single supply operation and yet does not
exhibit any crossover distortion in split supply operation. This
is possible because Class AB operation is utilized.

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.

Figure 2. Open Loop Frequency Response

120 —TTITrTr T
Veo=15V
100 VEg=-15V ||
"\\ Ta=25°C

1
1

80

20 , ~

1.0 10 100 1.0k 10k 100k 1.0M
f, FREQUENCY (Hz)
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Figure 3. Power Bandwidth

30 (R L N A
— 25 +5V 14
& —o—{-
= v,
w 20 N 0 4
2 é -5y 3 10k
5 ® \ ]
> =
5 10
a
5
S 50 N
ke 0 Ta=25°C NN
-5.0
1.0k 10k 100k 1.0M
f, FREQUENCY (Hz)
Figure 5. Input Bias Current
versus Temperature
T T
300 Vog=15V
= VEg=-15V
£ Ta=25C |
=
P4
&
€ 200
o T~
w0
: —
b
Z 100
2
@
-75 -55 -35 -15 50 25 45 65 85 105 125

T, TEMPERATURE (°C)

Figure 7. Voltage Reference

Vee
]

10k
R2

Vg, OUTPUT VOLTAGE RANGE (V pp)

115 INPUT BIAS CURRENT (nA)

Figure 4. Output Swing versus Supply Voltage

Tp=25°C
30 A -
e
7/
20 A
v
10
-
oL~ ’
0 20 40 60 80 10 12 14 16 18 20
VGG AND (VEE), POWER SUPPLY VOLTAGES (V)
Figure 6. Input Bias Current
versus Supply Voitage
170
— L
\\
N
160
150
0 20 40 60 80 10 12 14 16 18 20

Vce AND (VEg), POWER SUPPLY VOLTAGES (V)

Figure 8. Wien Bridge Oscillator

50k
4%%%

1N914

5.0k

1N914
Vce

P—.VO

ki AL o Za
Vo= R 4Rz
= For. fq=1.0kHz
Vae 1 v R=16kQ
0= 7 YCC C=0.01pF
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Figure 9. High Impedance Differential Amplifier Figure 10. Comparator with Hysteresis
Hysteresis
W~
}
Vref Vo |
|
Vin VoL L
o VinL| VinH
1
VinL = Rr+ra (VoL ~Vref) +Vref Vre
VinH = o (Vop ~Vyef) +V
inH = Ry3R2 \VOH ~Vref) +Vref
R1
Yh= wime (VoH-Vou
Figure 11. Bi-Quad Filter
M\ 1
R R fo=2nRC
i 100k
13N
R1=QR 1
cl R c Vief = 7 VoC
Vin ——¢p— A — - Ro= Rl
112 Tep R=160kQ
MC3403 R3=TNR2  C=0001uF
* C1=10C  R1=16MQ
R2=1.6MQ
Vief R3=16MQ
]
Vief $—* Bandpass R3
R Output
R2
NN C1
O ————-[%—0 Notch Output
For. fo =10kHz Where:  Tgp = center frequency gain o w
Q =10 TN = passband notch gain
Tpp =1
™ =1 Vref
Figure 12. Function Generator Figure 13. Multiple Feedback Bandpass Filter
1
Vref =7 VCC l
) [
Triangle Wave R2 Ri
VMV
Vref Output 300 k Vin
© Square Wave
75k A O$—@ Output R2
100k O
J—_|
C( Vet = Vref Vyef = —12—VCC
"’F\{" Given: o = center frequency
f
Affo) = gain at center frequency
Ri+Rc R2R1
t= 4CR(AT if R3= Ao R Choose value fy, C

Ree QO po R g RIS
Then: 3= C  R'= 2ty " a2mi-ro

N f
For less than 10% error from operational amplifier %% <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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Dual Operational Amplifier
and Dual Comparator

The MC3405 contains two differential-input operational amplifiers and
two comparators, each set capable of single supply operation. This
operational amplifier—comparator circuit fulfills its applications as a general
purpose product for automotive and consumer circuits as well as an
industrial building block.

The MC3405 is specified over the commercial operating temperature
range of 0° to +70°C.

Operational Amplifier Equivalent in Performance to MC3403
Comparator Similar in Performance to LM339

Single Supply Operation: 3.0 V to 36 V

Split Supply Operation: +1.5 Vto +18 V

Low Supply Current Drain

Operational Amplifier is Internally Frequency Compensated
Comparator TTL and CMOS Compatible

MC3405

DUAL OPERATIONAL
AMPLIFIER / DUAL
VOLTAGE COMPARATOR

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 646

PIN CONNECTIONS

N\
out1 [1] o | [ op 14 ] Out 4
[Z] 1 Amp 1 5]
Inputs 1 [ 4 } Inputs 4
] ) "

Voo (4] comp  op J] VeE(GNd

Inputs 2 [ Ej[>2" %ﬁgl Inputs 3

MOTOROLA ANALOG IC DEVICE DATA

Single Supply Split Supplies out2 [7] 5 ] oua
3.0Vto36V
—i|1I}l—— Ve Vee 5 (Top View)
O O —= 15Vto18V
O+ ’r O o 'r o = 0
o o
Eaa =
= =1
O l ©° O I A=
o [om — 15Vto18V ORDERING INFORMATION
S S—s—o
5 v Operating
= VEE Gnd EE Device |Temperature Range| Package
MC3405P Ta =0°to +70°C Plastic DIP
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MC3405

OPERATIONAL AMPLIFIER SECTION

MAXIMUM RATINGS

Rating Symbol Value Unit

Power Supply Voltage — Single Supply Vce 36 Vdc
Split Supplies Vece, VEE +18

Input Differential Voltage Range VIDR +36 Vdc
input Common Mode Voltage Range VICR +18 Vdc
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg -55to +125 °C
Operating Junction Temperature Range Ty 150 °C

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

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage Vio - 2.0 10 mVvV
Input Offset Current lio - 30 50 nA
Input Bias Current iB - —200 =500 nA
Large-Signal, Open Loop Voltage Gain (Ry_ = 2.0 kQ) AvoL 20 200 - V/imV
Power Supply Rejection PSR - - 150 uvnv
Output Voltage Range (Note 1) VOR Vpp
(RL=10kQ, Vcc=5.0V) 3.3 35 -
(RL=10kQ,5.0V<Vpoc<30V) Vecc-20 | Vg 1.7 -
Power Supply Current (Notes 2 and 3) Icc - 25 7.0 mA
Channel Separation, f = 1.0 kHz to 20 kHz (Input Referenced) - - -120 - dB
ELECTRICAL CHARACTERISTICS (Vo =+15V, VEg =—15V, Ta = 25°C, unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Input Offset Voltage Vio - 2.0 10 mV
(TA = Tiow + Thigh) (Note 4) - - 12
Average Temperature Coefficient of Input Offset Voltage AV|O/AT - 15 - uv/eC
Input Offset Current llo - - 50 nA
(TA = Tiow to Thigh) (Note 4) - - 200
Input Bias Current B - -200 -500 nA
(TA = Tiow to Thigh) (Note 4) - - -800
Input Common Mode Voltage Range VicR +13-VEE - - Vdc
Large Signal, Open Loop Voltage Gain AvoL Vimv
(Vo =#10V, R_=2.0kQ) 20 200 -
(TA = Tlow o Thigh) (Note 4) 15 100 -
Common Mode Rejection CMR 70 920 - dB
Power Supply Rejection Ratio PSRR - 30 150 wn
Output Voltage Vo Vdc
(RL=10kQ) +12 +13.5 -
(RL=2.0kQ) ) +10 +13 -
(RL=2.0kQ, Tp = Tiow 10 Thigh) (Note 4) +10 - -
Output Short Circuit Current Isc +10 +20 +45 mA
Power Supply Current (Notes 2 and 3) Icc \EE - 2.8 7.0 mA
Phase Margin om - 60 - Degrees
Small-Signal Bandwidth (Ay = 1, R = 10 kQ, Vo = 50 mV) BW - 1.0 - MHz

NOTES: 1. Output will swing to ground.
2. Not to exceed maximum package power dissipation.
3. For operational amplifier and comparator.
4. Tiow = 0°C, Thigh = +70°C
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ELECTRICAL CHARACTERISTICS (Vog = +15 V, VEE = =15V, Tp = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Power Bandwidth (Ay = 1, R = 2.0 kQ, Vo = 20 Vppv THD = 5%) BWp - 9.0 - kHz
Rise Time/Fall Time tTLH, tTHL - 0.35 - us
Overshoot (Ay = 1, Rl = 10 kQ, Vg = 50 mV) os - 20 - %
Slew Rate SR - 0.6 - Vius
COMPARATOR SECTION
MAXIMUM RATINGS

Rating Symbol Value Unit

Power Supply Voltage — Single Supply Vce 36 Vdc
Split Supplies Vce: VEE +18

Input Differential Voltage Range VIDR +36 Vdc
Input Common Mode Voltage Range VICR —-0.3 to +36 Vdc
Sink Current ISink 20 mA
Operating Ambient Temperature Range TA 0to+70 °C
Storage Temperature Range Tstg ~55t0 +125 °C
Operating Junction Temperature Range Ty 150 °C

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

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage Vio - 2.0 10 mVv
(TA = Tiow t0 Thigh) (Notes 1 and 2) - - 12
Average Temperature Coefficient of Input Offset Voltage AVI0/AT - 15 - uv/eC
Input Offset Current o - 50 100 nA
(TA=Tiow to Thigh) (Note 1) - - 200
Input Bias Current B - -125 ~500 nA
(TA = Tiow to Thigh) (Note 1) I - - -800
Input Common Mode Voltage Range VICR 0 Vecec-15 | Vecc 1.7 Vpp
(TA = Tiow t0 Thigh) (Note 1) 0 Vcc-1.7 | Vcc—2.0
Input Differential Voltage ViD - - 36 \
(All Vin 2 0 Vdc)
Large—Signal, Open Loop Voltage Gain (R = 15 kQ) AvoL - 200 - Vimv
Output Sink Current (—Vijn 2 1.0 Vdc, +Vjp=0, Vo < 1.5 V) ISink 6.0 16 - mA
Low Level Output Voltage VoL uHA
(+Vin=0V, =Vjn= 1.0V, Igjnk = 4.0 mA) - 350 500
(TA = Tiow to Thigh) (Note 1) - - 700
Output Leakage Current loL MA
(+Vin 2 1.0 Vdc, -Vjp=0, Vo = 5.0 Vdc) - 0.1 1.0
(TA = Tiow to Thigh) (Note 1) - 0.1 1.0
Large—Signal Response - - 300 - ns
Response Time (Note 3) (VR = 5.0 Vdc, Rl =5.1 kQ) - - 1.3 - us

NOTES: 1. Tjoy = 0°C, Thigh =+70°C
2.Vo = 1.4V, Rg'= 0 Qwith V¢ from 5.0 Vdc to 30 Vdc, and over the input common mode range O to Vo —1.7 V.
3. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals 300 ns is typical.
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Representative Schematic Diagram

(1/2 of Circuit Shown)
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MC3405

OPERATIONAL AMPLIFIER SECTION

Figure 1. Sine Wave Response

0.5 V/DIV

50 mV/DIV

30

50 ps/DIV

Figure 3. Power Bandwidth

AyoL . LARGE SIGNAL
OPEN LOOP VOLTAGE GAIN (dB)
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Figure 2. Open Loop Frequency Response

Veg=15V
VEg=-15V 1}
T~ Tp=25°C
N
\\¢
\\K
\\~
1.0 10 100 1.0k 10k 100k  1.0M

f, FREQUENCY (Hz)

Figure 4. Output Swing versus Supply Voltage
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Figure 5. Input Bias Current Figure 6. Input Bias Current
versus Temperature versus Supply Voltage
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MC3405

COMPARATOR SECTION
Figure 7. Normalized Input Offset Voltage Figure 8. Input Bias Current
1.40 l I 200
VCC. =+5V - <
o 10 VEE = Gnd B c 160
5k g UL I ——
20 100 e -3 —— I —F
o o ] F__.J—--—‘-
% o // 2 W= — Ta=+25°C
8 § 0.80 L E I Leet—T""]
=7 5 -
; g z wf e (Tp=+125°C
= 060 5 =
/7 Slope Can Be Either Polarity. 2 V.EE . Gnq
7
60 -40 20 0 20 40 60 80 100 120 140 20 6.0 10 14 18 22 26 30
Ta, AMBIENT TEMPERATURE (°C) Ve, POSITIVE SUPPLY VOLTAGE (V)
Figure 10. Output Sink Current versus
Figure 9. Normalized Input Offset Current Output Voltage
220 7.0 : ;
— Tp=+25°C
o0 E 60
w K =
2 z TA=-55°C | /// e
=R oc 5.0 / /
S2 14 AN 3 /. '
E ﬁ \\ Voo=+15V ; 40 /‘
= N VEE =Gnd & 40 4
S = 100 J 5 < /44
23 N g Y/ / Ta=+125C
z= ~N 5 20
z 3 /. V4 Voo =+5V
0.60 S— - 7/ 7 cc=+
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& y,/ 4 ” 7
o—L 111 N/ T
-60 -40 20 0 20 40 60 80 100 120 140 0 200 400 600 800 1000
. Ta, AMBIENT TEMPERATURE (°C) VoL, OUTPUT VOLTAGE (mV)
Figure 11. Pulse Width Modulator Schematic and Waveforms
10M Vo Vsw (a) Oscillator Square Wave Output
Vee
Ve
Vee Vout L
VeE — Time
5.0k I l } ‘ I e
" (b) Tri'angle'Wave and Control Voltage !
4o \
3 8 300k MUBIVANE: (\A /\ dve
O Y% _—
V1L
| Time
HE : o>
Vout Sc) Oultput Pullses
Vee T 1 I
5.0k «5&
Vj 1 Vi S
EE VTH= 5 Vs(1+R2R1)+VEg  Vs=VgCo-VEE EE Time
—>
Ay e~ (L ) ( Ve-V1u .
VL= 2 Vg(1-R2/R1) ;1VEE Pulse Width ( f VIR-VTL ) when: V1< Vg <VTH
Oscillator Frequency  f= === Vo=V
4R(CR2 . c-VIL >
D lein %=
uty Cycle in % < VIR-VTL (100)
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Figure 12. Window Comparator

10k o Voc Vo
vee ——— A —— 13
10k 13 > AV e
AV —3| AV |e—
Adjust
= ! '
——-— |— Vin |
I
!
Vee 1 1 L %‘
- 3 | |
155 | |
i Ve Adjust |
VEE |
J
Figure 13. Squelch Circuit for AM or FM ;
1 ]
Vin »——|F—— j

Vao

High Pass Filter
Given: Ao, Q, 0g = 25fy

|
1
\
|
Choose: C = C1 = C2, a convenient value — Squelch |
Q Threshold Adj
Calculate: R2=-—~ (2Ag+1) .
oC Vai ) .
R3C4>5Tip Switched Audio Stage 1
c3= C Where : Tip, is the period of Vi J
Ao Q = Quality Factor Gain of Audio Stage ‘
Ao ; . R
Ri=z — 0 A = High Frequency Gain - 0o
QooCRAo 1) o = Break Frequency Aol= f
!
Figure 14. High/Low Limit Alarm |
]
Yee 10k VG | i
10k R6 Vee |
R4
1 14
13 O Oscillator
O 0 1 T
Vi ViH Vi

Vv =Vog —B3
IL=YCC Ri Re+R3

10
9 3 R3
@’ TV Vm=Yeo ey
Oscillator
IfR4=R5=R6
f=0.72/RC
As shown, f=2.2 kHz
Vo will oscillate if Vi < Vj, or Vi > Vi
= Vo will be low if Vj < Vj< V|

R3 Limit Detector
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MC3405

Figure 15. Zero Crossing Detector with Temperature Sensor

Zero Crossing Detector

Vee

Figure 16. LSTTL to CMOS Interface with Hysteresis

CMOs

Level Shift
Vip=117Vv
ViH=180V

* The same configuration may be used with an op amp if
the 3.0 k resistor is removed.

Vi = (VBE of Q1) ( &‘asﬁi )

2VBe

13> RS

R1 and R2 control the switching
voltage of the zero crossing detector

tvg=2vp RI2R2

Figure 17. NOR Gate

G=A+B+C+D

* The same configuration may be used with an
op amp if the 3.0 k resistor is removed.
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@ MOTOROLA

Dual, Low Power
Operational Amplifiers

Utilizing the circuit designs perfected for the quad operational amplifiers,
these dual operational amplifiers feature: 1) low power drain, 2) a common
mode input voltage range extending to ground/VEE, and 3) Single Supply or
Split Supply operation.

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 36 V with quiescent currents
about one—fifth of those associated with the MC1741C (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 V to 36 V

Low Input Bias Currents

Internally Compensated

Common Mode Range Extends to Negative Supply
Class AB Output Stage for Minimum Crossover Distortion
Single and Split Supply Operations Available

Similar Performance to the Popular MC1458

MC3458
MC3358

DUAL DIFFERENTIAL
INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

1

P1 SUFFIX
PLASTIC PACKAGE
CASE 626

R

1

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)
PIN CONNECTIONS
MAXIMUM RATINGS
Rating Symbol Value Unit Output A[ T} 3 vee
Power Supply Voltages Vdc ] 7] OutputB
Single Supply Ve 36 Inputs A I %)
Split Supplies Vce, VEE +18 } Inputs B
Input Differential Voltage Range (1) VIDR +30 Vdc VEE/Gd[¢] Zl
Input Common Mode Voltage Range (2) VICR +15 Vdc (Top View)
Junction Temperature Ty 150 °C
Storage Temperature Range Tstg -55t0+125 | °C
Operating Ambient Temperature Range TA °C ORDERING INFORMATION
MC3458 0to +70 Operating
MC3358 —4010+85 Device Temperature Range Package
NOTES: 1. Split Power Supplies. B o .
2. For supply voltages less than +18 V, the absolute maximum input voltage is equal MC3358P1 | T =—40°1to0 +85°C Plastic DIP
to the supply voltage. MC3458D SO-8
Ta = 0°10 +70°C
MC3458P1 Plastic DIP
2-137
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MC3458 MC3358

ELECTRICAL CHARACTERISTICS (For MC3458‘,‘VCC =+15V, VEI’é =-15V, Ta = 25°C, unless otherwise noted.)
(For MC3358, Vo = +14 V, VEE = Gnd, Tp = 25°C, unless otherwise noted.)

. MC3458 MC3358
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage Vio = 2.0 10 - 20 8.0 mv
TA = Thigh to Tjow (Note 1) - - 12 - - 10

Input Offset Current o - 30 50 - 30 75 nA
Ta= Thigh to Tiow - - 200 - - 250

Large Signal Open Loop Voltage Gain AvoL VimV
Vo=#10V, R =2.0kQ, . 20 200 - 20 200 -
TA = Thigh 10 Tiow 15 - - 15 - -

Input Bias Current B - -200 -500 - —200 -500 nA
TA = Thigh to Tow - - -800 - - -1000

Output Impedance, f = 20 Hz 20 - 75 - - 75 - Q

Input Impedance, f = 20 Hz 2| 0.3 1.0 - 0.3 1.0 - MQ

Output Voltage Range VOR \
RL =10 kQ +12 +13.5 - 12 125 -
R =2.0kQ +10 +13 - 10 12 -
R =2.0kQ, TA = Thigh 1o Tiow +10 - - 10 - -

Input Common Mode Voltage Range VICR +13 +13.5 - +13 +13.5 - \

-VEe | -VEE -VEE | -VEE

Common Mode Rejection Ratio, Rg < 10 kQ CMR 70 90 - 70 90 - dB

Power Supply Current (Vo = 0) R|_ = e Icc. IEE - 1.6 3.7 - 16 3.7 mA

Individual Output Short Circuit Current (Note 2) Isc +10 +20 +45 +10 +30 +45 mA

Positive Power Supply Rejection Ratio PSRR+ - 30 150 - 30 150 uvv

Negative Power Supply Rejection Ratio PSRR~- - 30 150 - - - uvnv

Average Temperature Coefficient of Input Alo/AT - 50 - - 50 - pA°C
Offset Current, TA = Thigh o Tiow

Average Temperature Coefficient of Input AV|o/AT - 10 - - 10 - uv/eC
Offset Current, Tp = Thigh to Tiow

Power Bandwidth BWp - 9.0 - - 9.0 - kHz
Ay =1, R =2.0kQ, Vo =20 Vpp, THD =5%

Small Signal Bandwidth BW - 1.0 - - 1.0 - MHz
Ay =1, R =10kQ, Vo =50 mV

Slew Rate SR - 0.6 - - 0.6 - Vius
Ay=1,V|=-10Vto+10V

Rise Time tTLH - 0.35 - - 0.35 - us
Ay =1,R=10kQ, Vo =50 mV

Fall Time TTHL - 0.35 - - 0.35 - us
Ay =1,RL=10kQ, Vo =50mV

Overshoot os - 20 - - 20 - %
Ay =1,RL=10kQ, Vo =50 mV

Phase Margin om - 60 - - 60 - Degrees
Ay =1,RL=2.0kQ, C_=200pF

Crossover Distortion - - 1.0 - - 1.0 - %

(Vin =80 mVpp, Vout =2.0 Vpp, f=10kHz)

NOTES: 1. Thjgh = 70°C for MC3458, 85°C for MC3358
Tlow = 0°C for MC3458, —40°C for MC3358
2. Not to exceed maximum package power dissipation.
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MC3458 MC3358

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

MC3458 MC3358
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage Vio - 2.0 5.0 -~ 2.0 10 mV
Input Offset Current llo - 30 50 - - 75 nA
Input Bias Current B - —200 -500 - - -500 nA
Large Signal Open Loop Voltage Gain AvoL 20 200 - 20 200 - V/imV

R =2.0kQ,
Power Supply Rejection Ratio PSRR - - 150 - - 150 pviv
Output Voltage Range (Note 3) VOR Vop

R =10k, Vcc=5.0V 3.3 35 - 3.3 35 -

Ry =10kQ,5.0V<Vpoc<30V - Vce - - Vce -

-1.7 -1.7
Power Supply Current Icc - 25 7.0 - 25 4.0 mA
Channel Separation Ccs - -120 - - ~-120 - dB
f = 1.0 kHz to 20 kHz (Input Referenced)
NOTE: 3. Output will swing to ground with a 10 kQ pull down resistor.
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MC3458 MC3358

Representative Schematic Diagram

(1/2 of Circuit Shown)
Bias Circuitry
Common to Both
Output o Amplifiers

I - T O Vee
Q19 Q18 i | Q7 |
Q20 Q17 e l
{016 | |
| |
] |
Q23 | |
40k [ |

5.0pF
e ? 3tk : :
N ;
o P ass] [ :
— ! |
- Q22 Q24 20k »——Kcns 2 | |
nputs L Q9 f l
NP Pl
0_——13321 Q25 6 Q12 (a0 |
= ot E 24k3 I
Q2] NG a7 Q1o : :
Q3 Q4 60k Q8 | |
+ ~ ——— s ! Lo veg ona

5V/DIV

20 ps/DIV

CIRCUIT DESCRIPTION
The MC3458/3358 is made using two internally
compensated, two—stage operational amplifiers. The first
stage of each consists of differential input devices Q24 and
Q22 with input buffer transistors Q25 and Q21 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 Q24 and Q22.
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.

The output stage is unique because it allows the output to
swing to ground in single supply operation and yet does not
exhibit any crossover distortion in split supply operation. This
is possible because Class AB operation is utilized.

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.
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0.5 VDIV

50 mV/DIV

MC3458 MC3358

Figure 1. Sine Wave Response

ces distortion less sin

50 ps/DIV

Figure 3. Power Bandwidth

AyoL . LARGE SIGNAL
OPEN LOOP VOLTAGE GAIN (dB)

Figure 2. Open Loop Frequency Response

120 — T
Veg=+15V
VEg=-15V
100 EE ! EREN
~ Tp=25°C
80
60 N
N
40 N
N
20 ™
\\\
0
-20 .
1.0 10 100 1.0k 10k 100 k 1.0M

f, FREQUENCY (Hz)

Figure 4. Output Swing versus Supply Voltage

30 TITTT T T 117110 Tl 25|°C
. g R
£ = 7
S 2 8 A
Ve
o] = /|
5 15 & 2
P )
o &
= =
5 10 a
z g
'é 50 5 10
S | Ta=2scC Y 5 7/
= 0 I —— q /
< 4
=
-5.0 0 4
1.0k 10k 100k 1.0M 0 20 40 60 80 10 12 14 16 18 20
f, FREQUENCY (Hz) VGG AND (VEE), POWER SUPPLY VOLTAGES (V)
Figure 5. Input Bias Current Figure 6. Input Bias Current
versus Temperature versus Supply Voltage
- T T
300 Voo =+15V —|
= VEE=-15V =
2 TEE 25°C Z m
E z — ™
w i \
© [ N
< 200 [ NS
O ~——— o
(2] [}
< <
@ — D 160
2 100 T
=z =
a @
150
-75 -55 -35 -15 50 25 45 65 85 105 125 0 20 40 60 80 10 12 14 16 18 20
T, TEMPERATURE (°C) VG AND (VEE), POWER SUPPLY VOLTAGES (V)
2-141

MOTOROLA ANALOG IC DEVICE DATA




MC3458 MC3358

Figure 7. Voltage Reference

vVee

Figure 8. Wien Bridge Oscillator

-® Vo
fo= 1
R o 1 2nRC
Vo=Ri+R2 ref For
i =1.0 kHz
h 1
Vo= 3 Vce =16kQ
=0.01 pF
Figure 9. High Impedance Differential Amplifier Figure 10. Comparator with
Hysteresis
1 .
LR Hysteresis
61 &0+ C R VoH ’(_"
R |
Vret © Vo |
O VO ‘
Vin o VoL |
VinL | VinH
VinL = R1R:R2 (VoL - Vref) +Vref Vref
Vin = —R—m +1R2 (VOH = Vref) +Vret
- Rl -
Vh= w5 (VoH-Vou
Figure 11. Bi~Quad Filter
NN
R
ci Vgt = 5 Vi
Vi ._.| e__‘ ref = 5 VCC
R =160 kQ
C=0.001uF
R1=1.6MQ
v R2=1.6 MQ
ref R3=16MQ
Vyef ®—* Bandpass R3
R1 Qutput
R2
0'4A'%A% \d -& ci
O v———i E——o Notch Output
Where:  Tgp = center frequency gain O
TN = passband notch gain
Vret
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MC3458 MC3358

Figure 12. Function Generator

_1
Vref = Voo Triangle Wave R2

Square Wave '
Output J

(o B#Rc L pa R2R
4CR{RI ' R2 +R1

Figure 13. Muitiple Feedback Bandpass Filter

C
R1

Vin |
i
R2 i
|
= 4 |
= Vret Vet = Vo€ (
|
!
Given: fo = center frequency “

A(fo) = gain at center frequency

Choose value fo, C.

R Qg B3 RS
Then: R8=7ic R=aa) " a2mi-re

f
For less than 10% error from operational amplifier C;) W° <0.1 ]
where, fo and BW are expressed in Hz.

If source impedance varies, filter may be preceded with
voltage follower buffer to stabilize filter parameters.
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@ MOTOROLA

Low Cost Programmable
Operational Amplifier

MC3476

The MC3476 is a low cost selection of the popular industry standard LOW COST PROGRAMMABLE
MC1776 programmable operational amplifier. This extremely versatile OPERATIONAL AMPLIFIER
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 SEMICONDUCTOR
applied to the Iget input. This allows the amplifier’s characteristics to be TECHNICAL DATA
optimized for input current and power consumption despite wide variations in
operating power supply voltages.
® +6.0 V to +18 V Operation
® Wide Programming Range
e Offset Null Capability
® No Frequency Compensation Required
® [ow Input Bias Currents o
® Short Circuit Protection T

Resistive Programming P1 SUFFIX
(See Figure 1) PLASTIC PACKAGE
CASE 626
Rset to Ground Rset to Negative Supply
(Recommended for supply voltage
less than 6.0 V)
70Vee 7o Vee
PIN CONNECTIONS
Rset Rset
Vec-06
B 4 Sl Voc-06-Vee
VEEC et VEEO  ggp= — 2" EE
Rset ‘ se Reet
Typical Rget Values Typical Rgey Values
Vee VEE | lset=150A | lset=15uA | | Voo, VEE | lset=151A | lset=15pA
6.0V 3.6 MQ 360 kQ +5V 1.6 MQ 160 kQ
£10V 6.2 MQ 620 kQ +3.0V 3.6 MQ 360 kQ
12V 7.5 MQ 750 kQ +6.0V 7.5 MQ 750 kQ )
15V 10 MQ 1.0 MQ +15V 20 MQ 2.0 MQ (Top View)
Active Programming
FET Current Source Bipolar Current Source
2 NP Vee
6
3 —0
40 VEE
8
VG ORDERING INFORMATION
v
EE Operating
Device Temperature Range Package
Pins not shown are not connected. MC3476P1 Ta = 0°0 +70°C Plastic DIP
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MC3476

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

Rating Symbol Value Unit
Power Supply Voltages Vce: VEE +18 Vdc
Input Differential Voltage Range VIDR +30 Vdc
Input Common Mode Voltage Range VICR Vce: VEE Vde
Offset Null to VEg Voltage Vofi — VEE 0.5 Vdc
Programming Current Iset 200 uA
Programming Voltage Vset (Vcc-06V) | Vde

(Voltage from Iget Terminal to Ground) toVee

Output Short Circuit Duration (Note 1) tsc Indefinite sec
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —-550t+125 °C
Junction Temperature Ty 150 °C

NOTES: 1. Short circuit to ground with Iggt < 15 pA. Rating applies up to ambient temperature of +70°C.

Representative Schematic Diagram

89 lset 7
IS
20=
Inputs
307
j E Output
10—
Offset Null
50 3
~ [ o
10k 10k
S S G ,
O VEE
Voltage Offset Null Circuit Transient Response Test Circuit

Pins not shown are
not connected.
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ELECTRICAL CHARACTERISTICS (Vo =+15V, VEE =— 15V, Iget = 15 pA, Ta = +25°C, unless otherwise noted).

Characteristic Symbol Min Typ Max Unit
Input Offset voltage (Rg < 10 kQ) Vio mV
TAo =+25°C - 2.0 6.0
0°C < TA <+70°C - - 7.5
Offset Voltage Adjustment Range VIOR - 18 - mV
Input Offset Current o nA
Ta=+25°C - 20 25
TA =+70°C - - 25
TA=0°C - - 40
Input Bias Current [IT:) nA
Ta =+25°C - 15 50
TA = +70°C - - 50
Ta=0°C - - 100
Input Resistance fj - 5.0 - MQ
Input Capacitance GCj - 2.0 - pF
Input Common Mode Voitage Gain VICR +10 - - \
0°C < Tp <+70°C
Large Signal Voltage Gain AvoL VIV
RL210kQ, Vo =10V, Tp = +25°C 50 k 400 k -
RL210kQ, Vo =10V, 0°C < Tp < +70°C 25k - -
Output Voltage Range Vor v
RL 210 kQ, T = +25°C +12 +13 -
R 210 kQ, 0°C < Tp <+70°C +12 - -
Output Resistance o - 1.0 - kQ
Output Short Circuit Current Isc - 12 - mA
Common Mode Rejection CMR 70 90 - dB
Rg <10 kQ, 0°C < Tp <+70°C
Supply Voltage Rejection Ratio PSRR - 25 200 uvnv
Rg < 10 kQ, 0°C < Tp <+70°C
Supply Current Icc, IEE uA
Ta =+425°C - 160 200
0°C < Tp S +70°C - - 225
Power Dissipation Pp mw
TA = +25°C - 4.8 6.0
0°C < Tp<+70°C - - 6.75
Transient Response (Unity Gain)
Vin=20mV, R = 10kQ, C|_=100 pF
Rise Time tTLH - 0.35 - us
Overshoot 0s - 10 - %
Slew Rate (R[> 10 k) SR - 0.8 - V/us
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MC3476

Figure 1. Set Current versus Set Resistor

100 M
— C VEg=-15V
a —_ Rset to VEE
Rl —=—" Voo =+15V
=] VEE=-15V
2 Rset to GND
€ 10m
- 1S 1T
o 111
3
o 100k = =
10k
0.1 1.0 10 100
Iset, SET CURRENT (uiA)
Figure 3. Open Loop versus Set Current
107 - e
= Veg=+15V
g V.EE| ==15V —
= —RL=10K 7 et
& 108 E‘E ===t =
a
§ =
= 1
w
o
© 108 =
6’ Zz
> 2
<<
104
0.1 1.0 10 100
lset, SET CURRENT (uA)
Figure 5. Slew Rate
versus Set Current
10 e R
7 1.0 ~
= Voo =+15V
E VEg=-15V
<
01 b
z
C_f)' »,
& o001
0.001 £
.01 0.1 1.0 10 100

Iset, SET CURRENT (uA)

Figure 2. Positive Standby Supply Current
versus Set Current

1000

+8.0V<Voo<+15V:
-6.0V=VEg2-15V A

100

10

POSITIVE STANDBY SUPPLY CURRENT (yA)

0.01 0.1 10 10 100
Iset, SET CURRENT (uA)

Figure 4. Input Bias Current versus Set Current

100

mana,

T 160V <V +5
5: -6.0V2VEg2-15

v
v

115, INPUT BIAS CURRENT (nA)

0.01 0.1 1.0 10 100
Iset, SET CURRENT (uA)

Figure 6. Gain Bandwidth Product
versus Set Current

10M

[_ Vgo=+15V P! # i
1.0M VEE=-15V

100k

10k

GBW, GAIN BANDWIDTH PRODUCT (Hz)

1.0k
0.1 1.0 10 100

Iset, SET CURRENT (A)

MOTOROLA ANALOG IC DEVICE DATA

2-147




Figure 7. Output Voltage Swing

MC3476

Figure 8. Output Voltage Swing

versus Load Resistance versus Supply Voltage
- 30 40
2 S %
% LH =
s 24 g ®
s 3 =
o= i
&= 18 o 24 Iset=1.5 pA -
B0 g RL=50k L~
% G g 2 L~
85 g ot ]
&3 5 16 7
== £ ]
2 Vec=+15V =) //
L 60 VEE=-15V Q 80 -
Iset = 15 A = 40 ]
. WL ’
1.0k 10k 100k 1.0M 20 40 60 80 10 12 14 16 18 20
R, LOAD RESISTANCE (Q) Ve, IVEg!, SUPPLY VOLTAGES (V)
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@ MOTOROLA
MC4558AC

MC4558C

Dual Wide Bandwidth
Operational Amplifiers

The MC4558AC, C combine all the outstanding features of the MC1458 DUAL WIDE BANDWIDTH

and, in addition offer three times the unity gain bandwidth of the industry OPERATIONAL AMPLIFIERS
standard.

® 2.5 MHz Unity Gain Bandwidth Guaranteed (MC4558AC)
® 2.0 MHz Unity Gain Bandwidth Guaranteed (MC4558C)
® |Internally Compensated

Short Circuit Protection

Gain and Phase Match between Amplifiers

Low Power Consumption

SEMICONDUCTOR
TECHNICAL DATA

MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.) 3

Rating Symbol | MC4558AC | MC4558C | Unit P1 SUFFIX

Power Supply Voltage Vce +22 +18 Vdc PLASJ /l\%g/;ggA GE
VEE —22 -18
Input Differential Voltage Vip +30 \
Input Common Mode Voltage Vicm +15 \ s %
(Note 1) 1
Output Short Circuit Duration t Continuous
(No:)e 2) s¢ D SUFFIX
PLASTIC PACKAGE
Ambient Temperature Range TA 0to +70 °C CA%E_ZM
S

Storage Temperature Range Tstg -55t0 +125 °C ¢ )
Junction Temperature Ty 150 °C

NOTES: 1. For supply voltages less than £15 V, the absolute maximum input voltage is equal
to the supply voltage.
2. Short circuit may be to ground or either supply.

PIN CONNECTIONS

Representative Schematic Diagram

(1/2 of Circuit Shown)
2.9
J O Ve
Inverting
Input - 620 [
op View;
Input + O LS (Top )
Noninverting
25
Output
' 25
N
ORDERING INFORMATION
b Operating
Device Temperature Range |  Package
5.0k T 5,1:3 5.0k 680 1.84 k§ % 20k
g O Vee MC4558CD s0-8
Ta = 0°t0 +70°C
MC4558ACP1,CP1 Plastic DIP
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MC4558AC MC4558C

FREQUENCY CHARACTERISTICS (VcG =+15V, VEE =~15 V, Ta = 25°C)

} MC4558AC MC4558C
‘Characterlstlc Symbol Min Typ | Max | Min Tvp Max Unit
Unity Gain Bandwidth BW 25 28 | - 2.0 2.8 - MHz
ELECTRICAL CHARACTERISTICS (Voo =15V, VEg =—-15V, Ta = 25°C, unless otherwise noted.)

Input Offset Voltage (Rg < 10 kQ) Vio - -] 10 50 | - 2.0 6.0 mvV
Input Offset Current llo - 20 200 - 20 200 nA
Input Bias Current (Note 1) B - 80 500 - 80 500 nA
Input Resistance f 0.3 2.0 - 0.3 2.0 - MQ
Input Capacitance (o] - 1.4 - - 14 - pF
Common Mode Input Voltage Range VICR +12 +13 - +12 +13 - \
Large Signal Voltage Gain (Vo =10 V, R = 2.0 kQ) AyoL 50 200 - 20 200 - V/imV
Output Resistance ro - 75 - - 75 - Q
Common Mode Rejection (Rg < 10 kQ) CMR 70 90 - 70 90 - dB
Supply Voltage Rejection Ratio (Rg < 10 kQ) PSRR - 30 150 - 30 150 nvv
Output Voltage Swing Vo \Y

(RL=10kQ) 12 | +14 - 12 | +14 -

(RL 22.0 kQ) £10 | #13 - #10 | #13 -
Output Short Circuit Current Isc 10 20 40 10 20 40 mA
Supply Currents (Both Amplifiers) ID - 2.3 5.0 - 2.3 5.6 mA
Power Consumption (Both Amplifiers) Pc - 70 150 - 70 170 mw
Transient Response (Unity Gain)

(Vi=20mV, R_22.0kQ, C|_< 100 pF) Rise Time TLH - 0.3 - - 0.3 - us

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

(Vi=10V, R_22.0kQ, C|_< 100 pF) Slew Rate SR 15 | 1.6 - 1.0 | 1.6 - Vius

ELECTRICAL CHARACTERISTICS (Vgc=+15V, VEE =-15V, Ta = Thigh to Tjow, unless otherwise noted. See Note 2.)

Input Offset Voltage (Rg < 10 kQ) Vio - 1.0 6.0 - - 7.5 mvV
Input Offset Current lio nA

(Ta= Thigh) - 7.0 200 - - -

(TA = Tiow) - 85 500 - - -

(Ta = 0° to +70°C) - - - - - 300
Input Bias Current B nA

(Ta= Thigh) - 30 500 - - -

(Ta = Tiow) - | s00 | 1500 | - - -

(Ta = 0° to +70°C) - - - - - 800
Common Mode Input Voltage Range ViCR +12 +13 - - - - \)
Large Signal Voltage Gain (Vo =+10 V, R = 2.0 kQ) AvoL 25 - - 15 - - VimV
Common Mode Rejection (Rg < 10 kQ) CMR 70 90 - - - - dB
Supply Voltage Rejection Ratio (Rg < 10 kQ) PSRR - 30 150 - - - uviv
Output Voltage Swing Vo \

(R 210 kQ) 12 | +14 - 2 | +14 -

(RL 22.0 kQ) 10 | #13 - 10 | #13 -
Supply Currents (Both Amplifiers) Ip mA

(Ta = Thigh) - - 4.5 - - 5.0

(TA = Tiow) - - 6.0 - - 6.7
Power Consumption (Both Amplifiers) Pc mwW

(Ta = Thigh) - - |18 - - | 150,

(TA = Tiow) A - - | 180 | - - | 200

NOTES: 1.1g is out of the amplifier due to PNP input transistors.
2-Thigh =+70°C, Tjoy = 0°C.
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MC4558AC MC4558C

Figure 1. Burst Noise versus Source Resistance Figure 2. RMS Noise versus Source Resistance
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Threshold
Voltage
Unlike conventional peak reading or RMS meters, this system was The test time employed is 10 sec and the 20 pV peak limit
especially designed to provide the quick response time essential refers to the operational amplifier input thus eliminating errors

to burst (popcorn) noise testing.

in the closed loop gain factor of the operational amplifier.
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Figure 6. Open Loop Frequency Response
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MCT4558C

Dual Wide Bandwidth
Operational Amplifier

The MCT4558C combines all of the outstanding features of the MC1458
and, in addition, offers three times the unity gain bandwidth of the industry
standard.

DUAL WIDE BANDWIDTH
OPERATIONAL AMPLIFIER

2.0 MHz Unity Gain Bandwidth Guaranteed
® |nternally Compensated

® Short Circuit Protection

® Gain and Phase Match Between Amplifiers
® | ow Power Consumption

SEMICONDUCTOR
TECHNICAL DATA

This MCT—prefixed device is intended to be a possible replacement for the similar
device with the MC—prefix. Because the MCT device originates from different
source material, there may be subtle differences in typical parameter values or
characteristic curves. Due to the diversity of potential applications, Motorola can not
assure identical performance in all circuits. Motorola recommends that the
customer qualify the MCT—prefixed device in each potential application.

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

NOTES: 1. For supply voltages less than +15 V, the absolute maximum input voltage is equal to
the supply voltage.
2. Short circuit may be to ground or either supply.

1

P1 SUFFIX

PLASTIC PACKAGE

Rating Symbol Value Unit CASE 626
Power Supply Voltages Vee +18 Vdc
VEE -18
Input Differential Voltage ViD +30 \
Input Common Mode Voltage (Note 1) Vicm +15 \ 8 %
1

Output Short Circuit Duration (Note 2) tsc Continuous

- D SUFFIX
Ambient Temperature Range TA 0to+70 °C PLASTIC PACKAGE
Storage Temperature Range Tstg —-55t0 +125 °C Cé-\SScI)E-gt)'ﬂ
Junction Temperature Ty 150 °C

PIN CONNECTIONS

Representative Schematic Diagram U
o—1 ? ? OutputA {1 8| Ve
Ve putA [1] ) 8] vec
E]. L“ E Z’ Output B
]
A = Inputs A B
ol 3 6]
nA outA outB 2 E Inputs B
—n
ut ut | VeE lz 5]
O
HnA i ‘.g (Top View)
A —
1l i
VEE ]
o T ORDERING INFORMATION
This device contains 29 active transistors. Operating
Device Temperature Range | Package

CAUTION: These devices do not have internal ESD protection circuitry and are rated
as CLASS 1 devices per the ESD test method in Mil-Std~833D. They shouldbe handled | MCT4558CD Ta = 0° 10 +70°C SO-8
using standard ESD prevention methods to avoid damage to the device. MCT4558CPI A= Plastic DIP
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MCT4558C

FREQUENCY CHARACTERISTICS (VoG =+15V, VEE =15V, Ta = 25°C)

Characteristic Symbol Min Typ Max Unit

Unity Gain Bandwidth BW 2.0 2.8 — MHz

ELECTRICAL CHARACTERISTICS (Vgg =15V, VEg =-15V, Tp = 25°C, unless otherwise noted.)

Input Offset Voltage Vio — 2.0 6.0 mV
(Rg <10kQ)
Input Offset Current io — 20 200 nA
Input Bias Current (Note 1) B — 80 500 nA
Common Mode Input Voltage Range ViCR +12 +13 — \
Large Signal Voltage Gain AvoL 20 200 — Vimv
(Vo=%10V, R =2.0kQ)
Common Mode Rejection CMR 70 90 - dB
(Rg <10 kQ)
Supply Voltage Rejection Ratio PSRR — 30 150 uviv
(Rs<10kQ)
Output Voltage Swing Vo
(RL 2 10kQ) +12 +14 — v
(RL22.0kQ) +10 +13 —
Output Short Circuit Current Isc 10 20 75 mA
Supply Currents (Both Ampilifiers) Ip —_ 4.0 5.6 mA
Power Consumption (Both Amplifiers) Pc — 70 170 mwW
Transient Response (Unity Gain)
(Vi =20 mV, R 2 2.0 kQ, C_< 100 pF) Rise Time tTLH — 0.3 — us
(V=20 mV, R 2 2.0 kQ, C_ < 100 pF) Overshoot os _ 15 —_ %
(Vi=10V,RL 22.0kQ, C|_ <100 pF) Slew Rate SR 1.0 1.8 — Vius

ELECTRICAL CHARACTERISTICS (Vog =+15V, VEE =~15V, T = Thigh to Tjow, [Note 2] unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Input Offset Voltage Vio — - 75 mv
(Rg < 10kQ)

Input Offset Current llo — —_ 300 nA
(TA = 0° to +70°C)

Input Bias Current B — — 800 nA
(Ta = 0° to +70°C)

Large Signal Voltage Gain AvoL 15 — — VimV
(Vo =410V, R =2.0kQ)

Output Voltage Swing Vo \'
(RL210kQ) +12 +14 -
(RL22.0kQ) +10 +13 —

Supply Currents (Both Amplifiers) Ip mA
(TA = Thigh) — _ >0
(TA =Tiow) — — 6.7

Power Consumption (Both Amplifiers) Pc mw
(TA = Thigh) - - 150
(TA = Tiow) — — 200

NOTES: 1.1g is out of the amplifier due to PNP input transistors.
2.Tjow =0°C Thigh =+70°C
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Figure 1. Power Bandwidth
(Large Signal Swing versus Frequency)

Figure 2. Maximum Output Voltage Swing
versus Load Resistance
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Differential Input
Operational Amplifier

The MC4741C 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 standard MC1741, and can be applied with no change in circuit
performance. ;

The MC4741C can be used in applications where amplifier matching or
high packing density is important. Other applications include high
impedance buffer amplifiers and active filter amplifiers.
® Each Amplifier is Functionally Equivalent to the MC1741
® Class AB Output Stage Eliminates Crossover Distortion
True Differential Inputs
Internally Frequency Compensated
Short Circuit Protection

Low Power Supply Current (0.6 mA/Amplifier)

e o o o

Representative Schematic Diagram
(1/4 of Circuit Shown)

h 4 E Yy — E
Noninverting
Input
InvertingO_t;:‘— Wk
Input 30pl
© e Output
29 4
™ 50
A
Offset o—«

~N
Nul O A 4 50k 50
1.0k 50k ¥ 1.0k $ 5.0k

O VEE

MC4741C

DIFFERENTIAL INPUT

OPERATIONAL AMPLIFIER
(QUAD MC1741)

SEMICONDUCTOR
TECHNICAL DATA

1

P SUFFIX
PLASTIC PACKAGE
CASE 646

R

1

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(50-14)

PIN CONNECTIONS

N
out1[1] [14] out 4
(2] ]
Inputs 1 { E EI] Inputs 4

vee [4] ] vee
g 0
Inputs 2 [ E:l>_l l—@ig} Inputs 3
out2 [7] s | outs

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range Package
MC4741CD SO-14
mcazatcp | ATOTOFTOC o sic DIP
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MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

Rating Symbol Value Unit

Power Supply Voltage Vce +18 Vdc
VEE -18

Input Differential Voltage ViD +36 \
Input Common Mode Voltage Vicm +18 \
Output Short Circuit Duration tsc Continuous
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —-55 to +125 °C
Junction Temperature Ty 150 °C

High Impedance Instrumentation Buffer/Filter

MOTOROLA ANALOG IC DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vg =+15V, VEg =—15V, Ta = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Input Offset Voltage (Rg < 10 k) Vio - 2.0 6.0 mV
Input Offset Current o - 20 200 nA
Input Bias Current B - 80 500 © nA
Input Resistance T 0.3 2.0 - MQ
Input Capacitance (o] - 1.4 - pF
Offset Voltage Adjustment Range Vior - +15 - mV
Common Mode Input Voltage Range VICR +12 +13 - \%
Large Signal Voltage Gain (Vo =+10V, R 2 2.0 k) Ay 20 200 - VimV
Output Resistance [ - 75 - Q
Common Mode Rejection (Rg < 10 k) CMR 70 90 - dB
Supply Voltage Rejection Ratio (Rg < 10 k) PSRR - 30 150 uv/wv
Output Voltage Swing Vo Vv

(RL=10K) 12 14 -

(RL=2k) +10 +13 -
Output Short Circuit Current Isc - 20 - mA
Supply Current — (All Amplifiers) D - 35 7.0 mA
Power Consumption (All Amplifiers) Pc - 105 210 mwW
Transient Response (Unity Gain — Non—inverting)

(VI=20mV, B> 2 kQ, C|_< 100 pF) Rise Time tTLH - 0.3 - us

(VI=20mV, R 2 2kQ, C|_< 100 pF) Overshoot os - 15 - %

(VI=10V, R 22 kQ, C| < 100 pF) Slew Rate SR - 05 - Vius

ELECTRICAL CHARACTERISTICS (Voo =+15V, VEE=-15V, T = * Thigh to Tjow, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10 kQ) Vio - - 75 mVv
Input Offset Current (Tp = 0° to + 70°C) lo - - 300 nA
Input Bias Current (Ta = 0° to + 70°C) B - - 800 nA
Large Signal Voltage Gain (R > 2k, VoyT =+10 V) Ay 15 - - V/imV
Output Voitage Swing (R 2 2 k) Vo +10 +13 - \

* Thigh = 70°C Tiow =—0°C
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Figure 1. Power Bandwidth
(Large Signal Swing versus Frequency)

Figure 2. Open Loop Frequency Response
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Figure 7. Bi-Quad Filter
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Dual High Output Current,
Low Power, Low Noise
Bipolar Operational Amplifier

The MC33076 operational amplifier employs bipolar technology with
innovative high performance concepts for audio and industrial applications.
This device uses high frequency PNP input transistors to improve frequency
response. In addition, the amplifier provides high output current drive
capability while minimizing the drain current. The all NPN 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 and sink AC frequency performance.

The MC33076 is tested over the automotive temperature range and is
available in an 8—pin SOIC package (D suffix) and in both the standard 8 pin
DIP and 16-pin DIP packages for high power applications.
® 100 Q Output Drive Capability
Large Output Voltage Swing
Low Total Harmonic Distortion
High Gain Bandwidth: 7.4 MHz
High Slew Rate: 2.6 V/us
Dual Supply Operation: +2.0Vto +18V
High Output Current: ISC = 250 mA typ
Similar Performance to MC33178

Equivalent Circuit Schematic
(Each Amplifier)

Vout

MC33076

DUAL HIGH OUTPUT
CURRENT OPERATIONAL
AMPLIFIER

SEMICONDUCTOR
TECHNICAL DATA

e [

D SUFFIX

PLASTIC PACKAGE PLA!

CASE 751
(S0-8)

P1 SUFFIX
STIC PACKAGE
CASE 626

PIN CONNECTIONS

Output 1 1]
{ (2]

Inputs 1
2]

vee[4]

——

o

18] veo
| 7] Output2

% } Inputs 2

(8 Pin Pkg, Top View)

P2 SUFFIX

PLASTIC PACKAGE

CASE 648C

DIP (12+2+2)

PIN CONNECTIONS

U

Inputs 1 E:I>J_E Output 1
[2] [ 15] NC

Ne[T]

4]
e { =
NC[ 6|

14] Voo
[13]
E VEE

1] NC

7] i0] NC
Inputs 2 :l>—|_
(8] 9] Output2

(16 Pin Pkg, Top View)

ORDERING INFORMATION

Device

Operating

Temperature Range

Package

MC33076D

MC33076P1

MC33076P2

Ta =-40°to +85°C

SO-8

Plastic DIP

Power Plastic
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MC33076

MAXIMUM RATINGS

Rating Symbol Value Unit

Power Supply Voltage (Note 2) Vg to +36 \
- VEE

Input Differential Voltage Range VIDR (Note 1) ‘ \
Input Voltage Range VIR (Note 1) \
Output Short Circuit Duration (Note 2) tsc 5.0 sec
Maximum Junction Temperature Ty +150 °C
Storage Temperature Tstg —-60 to +150 °C
Maximum Power Dissipation Pp ' (Note 2) mwW

NOTES: 1. Either or both input voltages should not exceed Vg or VEE.
2. Power dissipation must be idered to i j ion temperature (T )
is not exceeded (see power dissipation performance characteristic, Figure 1).
See applications section for further information.

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

Characteristics Figure | Symbol Min Typ Max Unit
Input Offset Voltage (Rg = 50 &, Vom =0 V) 2 Viol ’ mv
(Vg=+25Vto+15V)
Ta =+25°C — 0.5 4.0
Tpa =-40° to +85°C — 0.5 5.0
Input Offset Voltage Temperature Coefficient AV|O/AT ) . uv/ec
(Rs=509Q,Vcm=0V)
Ta =—40° to +85°C — 2.0 —
Input Bias Current (Vcpm =0V) 3,4 hB ) nA
Ta =+25°C - 100 500
Ta = —40° to +85°C — — 600
Input Offset Current (Vom =0 V) ol nA
Ta = +25°C — 5.0 70
Ta = —40° to +85°C — — 100
Common Mode Input Voltage Range 5 VicR -13 -14 \
+14 13
Large Signal Voltage Gain (Vg =-10 Vto +10 V) 6 AvoL kV/V
(Ta = +25°C)
RL=100Q 25 — —
RL =600 Q . 50 200 —
(TA =—40° to +85°C)

R =600 Q 25 — —

Output Voltage Swing (Vip = 1.0 V) 7,8,9 \
(Vcc=+15V, VEg =-15V)

RL=100Q Vo+ 10 +11.7 —

RL=100Q Vo- — -11.7 | -10

R =600 Q Vos+ 13 +13.8 -

RL =600 Q Vo- — -13.8 -13

(Vcc=+25V,VEg=-25V)

RL =100 Q Vo+ 1.2 | +1.66 —

Ry =100Q Vo- - -1.74 -1.2
Common Mode Rejection (Vi = 13 V) 10 CMR 80 116 — dB
Power Supply Rejection 11 PSR dB

(VcC/VEE = +15 V/-15 V, +5.0 V/-15 V, +15 V/-5.0 V) 80 120 -
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DC ELECTRICAL CHARACTERICISTICS (Voc = +15 V, VEE = =15 V, Tp = 25°C, unless otherwise noted.)

Characteristics Figure | Symbol Min Typ Max Unit
Output Short Circuit Current (Vjp = £1.0 V Output to Gnd) 12,13 Isc mA
(Ve =+15V, VEg=-15V)
Source 190 +250 —
Sink — -280 | -215
(Vcc=+25V, VEE=-25V)
Source 63 +94 —
Sink — -80 46
Power Supply Current per Amplifier (Vo =0 V) 14 Ip mA
(Vg =+25Vto+15V)
Ta = +25°C — 2.2 2.8
Ta = —40° to +85°C — — 3.3
AC ELECTRICAL CHARACTERICISTICS (Vgc = +15V, VEE =—15V, Ta = 25°C, unless otherwise noted.)
Characteristics Figure | Symbol Min Typ Max Unit
Slew Rate (Vip = =10V to +10 V, R = 100 ©, C|_ = 100 pF, Ay = +1) 15 SR 1.2 2.6 — V/us
Gain Bandwidth Product (f = 20 kHz) 16 GBW 4.0 7.4 —_ MHz
Unity Gain Frequency (Open Loop) (R = 600 Q, C|_= 0 pF) — fu — 35 — MHz
Gain Margin (R = 600 Q, C|_= 0 pF) 19, 20 Am — 15 — dB
Phase Margin (R =600 Q, C_= 0 pF) 19, 20 Dm — 52 — Deg
Channel Separation (f = 100 Hz to 20 kHz) 21 CS — -120 — dB
Power Bandwidth (Vg = 20 Vpp, R = 600 Q, THD < 1%) — BWp — 32 — kHz
Total Harmonic Distortion (R =600 Q, VO = 2.0 Vpp, Ay = +1) 22 THD %
f=1.0kHz — 0.0027 —_
f=10kHz — 0.011 —_
f=20kHz — 0.022 —
Open Loop Output Impedance (Vo =0V, f = 2.5 MHz, Ay = 10) 23 1Zpl — 75 — Q
Differential Input Resistance (Vgpm =0 V) —_ Rin —_ 200 —_ kQ
Differential Input Capacitance (Vcp =0 V) —_ Cin — 10 — pF
Equivalent Input Noise Voltage (Rg = 100 Q) 24 en nVNH_ﬁ
f=10Hz — 7.5
f=1.0kHz — 5.0 —
Equivalent Input Noise Current — in pANHZ
f=10Hz — 0.33 —
f=1.0kHz — 0.15 —
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Figure 1. Maximum Power Dissipation

Figure 2. Distribution of Input

versus Temperature Offset Voltage
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Vo, OUTPUT VOLTAGE (Vpp)

Vo, OUTPUT VOLTAGE (Vpp)

PSR, POWER SUPPLY REJECTION (dB)

Figure 7. Output Voltage Swing Figure 8. Maximum Peak-to—Peak Output
versus Supply Voltage Voltage Swing versus Load Resistance
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Figure 13. Output Short Circuit Current

Figure 14. Supply Current versus

versus Temperature Supply Voltage with No Load
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Figure 19. Phase Margin and Gain Margin
versus Differential Source Resistance

Figure 20. Open Loop Gain Margin and Phase
Margin versus Output Load Capacitance
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Figure 25. Percent Overshoot
versus Load Capacitance
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Figure 26. PC Board Heatsink Example

APPLICATIONS INFORMATION

The MC33076 dual operational amplifier is available in the
standard 8—pin plastic dual-in—line (DIP) and surface mount
packages, and also in a 16—pin batwing power package. To
enhance the power dissipation capability of the power
package, Pins 4, 5, 12, and 13 are tied together on the
leadframe, giving it an ambient thermal resistance of 52°C/W

typically, in still air. The junction—to—ambient thermal
resistance (RgJA) can be decreased further by using a copper
padb on the printed circuit board (as shown in Figure 26) to
draw the heat away from the package. Care must be taken
not to exceed the maximum junction temperature or damage
to the device may occur.
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Dual, Low Noise MC33077

Operational Amplifier

The MC33077 is a precision high quality, high frequency, low noise
monolithic dual operational amplifier employing innovative bipolar design
techniques. Precision matching coupled with a unique analog resistor trim DUAL, LOW NOISE
technique is used to obtain low input offset voltages. Dual-doublet frequency OPERATIONAL AMPLIFIER
compensation techniques are used to enhance the gain bandwidth product
of the ampilifier. In addition, the MC33077 offers low input noise voltage, low
temperature coefficient of input offset voltage, high slew rate, high AC and SEMICONDUCTOR
DC open loop voltage gain and low supply current drain. The all NPN TECHNICAL DATA
transistor output stage exhibits no deadband cross—over distortion, large
output voltage swing, excellent phase and gain margins, low open loop
output impedance and symmetrical source and sink AC frequency
performance.

The MC33077 is tested over the automotive temperature range and is
available in plastic DIP and SO-8 packages (P and D suffixes).

® | ow Voltage Noise: 4.4 nV/ JHz @ 1.0kHz 8,
® | ow Input Offset Voltage: 0.2 mV
P SUFFIX
® Low TC of Input Offset Voltage: 2.0 pV/°C PLASTIC PACKAGE
® High Gain Bandwidth Product: 37 MHz @ 100 kHz . CASE 626
L]

High AC Voltage Gain: 370 @ 100 kHz
1850 @ 20 kHz

® Unity Gain Stable: with Capacitance Loads to 500 pF
® High Slew Rate: 11 V/us s@
® Low Total Harmonic Distortion: 0.007% !
® |arge Output Voltage Swing: +14 V to -14.7 V PL ASPrI%U: :gl(( AGE
® High DC Open Loop Voltage Gain: 400 k (112 dB) CASE 751
® High Common Mode Rejection: 107 dB (80-8)
® Low Power Supply Drain Current: 3.5 mA
® Dual Supply Operation: 2.5V to +18 V
PIN CONNECTIONS

Representative Schematic Diagram (Each Amplifier)

‘ ‘ o
im R6 R8 3 RIf ﬁ R16 vee Output 1] 1 E' vee
ab——=*F Q17

|/
N N
ae an E Z] Output2
. Y ) atg
1 Cc3= N Inputs 1
R3
Q21 E EI
-

kS
o
2
=z
(%3
<
Jlﬁ T Q6 Inputs 2
- el B
| [NegH Q7 Q9 R17 | R18| Vout
Q? € (Dual, Top View)
J H D7 R19
1 R5 2
c7
7
3 I a Q22 ORDERING INFORMATION
| Operating
at | R4 R7 R10 Ri2 v DSI_HQN R20 Device Temperature Range Package
MC33077D SO-8
, % D2 Ris TA = 40° 10 +85°C .
| VO MC33077P Plastic DIP
EE
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MAXIMUM RATINGS

Rating - Symbol Value Unit
Supply Voltage (VGG to VEE) Vs +36 \Y
Input Differential Voltage Range VIDR (Note 1) \
Input Voltage Range VIR (Note 1) A
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Maximum Junction Temperature Ty +150 ~C
Storage Temperature Tstg —60 to +150 °C
Maximum Power Dissipation Pp (Note 2) mwW

NOTES: 1. Either or both input voltages should not exceed V¢ or VEE (See Applications Information).
2. Power dissipation must be considered to ensure maximum junction temperature (T ) is not
exceeded (See power dissipation performance characteristic, Figure 1).

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

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg =10 Q, Vom =0V, Vo =0V) . Vol mV

Ta = +25°C ) — 0.13 1.0

TA = —40° to +85°C — — 1.5
Average Temperature Coefficient of Input Offset Voltage AV|O/AT — 2.0 — uv/°C

Rg=10Q,Vcm=0V, Vo =0V, Ta =—40° to +85°C
Input Bias Current (Vocm =0V, Vo =0V) B nA

TA =+25°C — 280 1000

TA =—40° to +85°C — — 1200
Input Offset Current (Vgm =0V, Vo =0V) o nA

Ta =+25°C ’ — 15 180

Ta =—40° to +85°C — — 240
Common Mode Input Voltage Range (AV|o ,= 5.0 mV, Vg =0V) VICR +13.5 +14 —_ \4
Large Signal Voltage Gain (Vo = £1.0 V, R = 2.0 kQ) AvoL VIV

Tp = +25°C ) 150k | 400k —

Ta =—40° to +85°C 125k — —_

Output Voltage Swing (V|p=+1.0V) "

RL =2.0kQ Vo+ +13.0 | +136 —

RL =2.0kQ Vo- — -14.1 -13.5

RL =10kQ Vo+ +134 | +14.0 —

Ry = 10 kQ Vo- —_ -147 | -143
Common Mode Rejection (Vj, =213 V) CMR 85 107 — dB
Power Supply Rejection (Note 3) PSR 80 90 — dB

VCC/VEE = +15 V/-15 V 10 +5.0 V/ -5.0 V
Output Short Circuit Current (Vyp = +1.0 V, Output to Ground) Isc mA

Source ' +10 +26 +60

Sink -20 -33 +60
Power Supply Current (Vo = 0 V, All Amplifiers) ID mA

Ta =+25°C — 3.5 4.5 '

Ta =-40° to +85°C — — 4.8

NOTE: 3. Measured with Vo and VEE simultaneously varied.
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AC ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEE =—15 V, Tp = 25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Slew Rate (Vip =—-10 Vto +10 V, R = 2.0 kQ, C|_= 100 pF, Ay = +1.0) SR 8.0 1 — Vius
Gain Bandwidth Product (f = 100 kHz) GBW 25 37 — MHz
AC Voltage Gain (R =2.0 kQ, Vo =0V) Avo A%
f=100 kHz — 370 —_
f=20kHz — 1850 —
Unity Gain Frequency (Open Loop) fu — 7.5 —_ MHz ;
Gain Margin (R = 2.0 k@, C_= 10 pF) Am — 10 — dB f
Phase Margin (R = 2.0 kQ, C|_= 10 pF) Zm — 55 — Degrees
Channel Separation (f = 20 Hz to 20 kHz, Rl =2.0kQ, Vo = 10 Vpp) CS — -120 — dB
Power Bandwidth (Vo = 27p_p, Rp =2.0 kQ, THD < 1%) BWp - 200 —_ kHz
Distortion (R = 2.0 k) THD %
Ay = +1.0, f = 20 Hz to 20 kMz
VO =3.0Vims — 0.007 —
Ay = 2000, f = 20 kHz
Vo =20Vpp — |o215 | —
Vo=10V, — 0.242 —
Ay =4000, f = 100 kHz
Vo =20Vpp — 0.3.19 —
Vo =10Vpp — 0.316 —
Open Loop Output Impedance (Vo =0V, f =fy) 1Zol — 36 —_ Q
Differential Input Resistance (Vgpm =0 V) Rin — 270 — kQ
Differential Input Capacitance (Vg = 0 V) Cin — 15 — pF |
Equivalent input Noise Voltage (Rg = 100 Q) en nV/\NHz :
f=10Hz - 6.7 — !
f=1.0kHz — 44 — {
Equivalent Input Noise Current (f = 1.0 kHz) in pA/VHz |
f=10Hz —_ 1.3 - ‘
f=1.0kHz — 0.6 — !
!
ﬁ
|
!
Figure 1. Maximum Power Dissipation Figure 2. Input Bias Current ‘
. versus Temperature versus Supply Voltage i
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=
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%5 w
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Figure 3. Input Bias Current

Figure 4. Input Offset Voltage

versus Temperature versus Temperature
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PSR, POWER SUPPLY REJECTION (dB) Icc, SUPPLY CURRENT (mA)

GBW, GAIN BANDWIDTH PRODUCT (MHz)

MC33077

Figure 9. Supply Current

versus Temperature
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versus Temperature
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Figure 15. Output Voltage

MC33077

Figure 16. Open Loop Voltage Gain

versus Frequency . versus Supply Voltage
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Figure 21. Total Harmonic Distortion

versus Frequency

MC33077

Figure 22. Total Harmonic Distortion

versus Output Voltage
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Figure 27. Phase Margin versus

Output Voltage
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Figure 29. Input Referred Noise Voltage

@ and Current versus Frequency

S 100 : LRRLLL L 10 <5
= i Voo=+15V =
g 50 i VEg=-15V 5.0 ‘ﬂl:'l
E 20 'Iml: 25°C 30 ::;
S 20 20 w
8 ]
@ =
2 10 10 o
2 Current E

.~

E 5.0 n 05 ﬁ
E 3.0 Voltage 0.3 E
£ 20 02 2
g UH =
= 10 01 .5
s 10 10 100 1.0k 10k 100k

f, FREQUENCY (Hz)
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Figure 33. Noninverting Amplifier Slew Rate
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APPLICATIONS INFORMATION

The MC33077 is designed primarily for its low noise, low
offset voltage, high gain bandwidth product and large output
swing characteristics. Its outstanding high frequency
gain/phase performance make it a very attractive amplifier for
high quality preamps,- instrumentation amps, active filters
and other applications requiring precision quality
characteristics.

The MC33077 utilizes high frequency lateral PNP input
transistors in a low noise bipolar differential stage driving a
compensated ‘Miller integration amplifier. Dual-doublet
frequency compensation techniques are used to enhance the
gain bandwidth product. The output stage uses an all NPN
transistor design which provides greater output voltage swing
and improved frequency performance over more
conventional stages by using both PNP and NPN transistors
(Class AB). This combination produces an amplifier with
superior characteristics.

Through precision component matching and innovative
current mirror design, a lower than normal temperature
coefficient of input offset voltage (2.0 uV/°C as opposed to 10
nV/°C), as well as low input offset voltage, is accomplished.

The minimum common mode input range is from 1.5 V
below the positive rail (Vgc) to 1.5 V above the negative rail
(VEE). The inputs will typically common mode to within 1.0 V
of both negative and positive rails though degradation in
offset voltage and gain will be experienced as the common
mode voltage nears either supply rail. In practice, though not
recommended, the input voltage may exceed Vcg by
approximately 30 V and decrease below the VEE by
approximately 0.6 V without causing permanent damage to
the device. If the input voltage on either or both inputs is less
than approximately 0.6 V, excessive current may flow, if not
limited, causing permanent damage to the device.

The amplifier will not latch with input source currents up to
20 mA, though in practice, source currents should be limited
to 5.0 mA to avoid any parametric damage to the device. If
both inputs exceed Vi, the output will be in the high state
and phase reversal may occur. No phase reversal will occur
if the voltage on one input is within the common mode range
and the voltage on the other input exceeds Vcc. Phase
reversal may occur if the input voltage on either or both inputs
is less than 1.0 V above the negative rail. Phase reversal will
be experienced if the voltage on either or both inputs is less
than VEE.

Through the use of dual-doublet frequency compensation
techniques, the gain bandwidth product has been greatly
enhanced over other amplifiers using the conventional single
pole compensation. The phase and gain error of the amplifier
remains low to higher frequencies for fixed amplifier gain
configurations.

With the all NPN output stage, there is minimal swing loss
to the supply rails, producing superior output swing, no
crossover distortion and improved output phase symmetry
with output voltage excursions (output phase symmetry
being the ampilifiers ability to maintain a constant phase
relation independent of its output voltage swing). Output
phase symmetry degradation in the more conventional PNP
and NPN transistor output stage was primarily due to the
inherent cut—off frequency mismatch of the PNP and NPN
transistors used (typically 10 MHz and 300 MHz,
respectively), causing considerable phase change to occur
as the output voltage changes. By eliminating the PNP in the
output, such phase change has been avoided and a very
significant improvement in output phase symmetry as well as
output swing has been accomplished.

The output swing improvement is most noticeable when
operation is with lower supply voltages (typically 30% with
+ 5.0 V supplies). With a 10 k load, the output of the amplifier
can typically swing to within 1.0 V of the positive rail (Vcc),
and to within 0.3 V of the negative rail (VEE), producing 2 28.7
Vpp signal from £15 V supplies. Output voltage swing can be
further improved by using an output pull-up resistor
referenced to the Vo . Where output signals are referenced
to the positive supply rail, the pull-up resistor will pull the
output to Voc during the positive swing, and during the
negative swing, the NPN output transistor collector will pull
the output very near VEE. This configuration will produce the
maximum attainable output signal from given supply
voltages. The value of load resistance used should be much
less than any feedback resistance to avoid excess loading
and allow easy pull-up of the output.

Output impedance of the amplifier is typically less than
50 Q at frequencies less than the unity gain crossover
frequency (see Figure 18). The amplifier is unity gain stable
with output capacitance loads up to 500 pF at full output
swing over the —55° to +125°C temperature range. Output
phase symmetry is excellent with typically 4°C total phase
change over a 20 V output excursion at 25°C with a 2.0 kQ
and 100 pF load. With a 2.0 kQ resistive load and no
capacitance loading, the total phase change is approximately
one degree for the same 20V output excursion. With a
2.0 kQ and 500 pF load at 125°C, the total phase change is
typically only 10°C for a 20 V output excursion (see Figure
27).

As with all amplifiers, care should be exercised to insure
that one does not create a pole at the input of the amplifier
which is near the closed loop corner frequency. This
becomes a greater concern when using high frequency
amplifiers since it is very easy to create such a pole with
relatively small values of resistance on the inputs. If this does
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occur, the amplifier’s phase will degrade severely causing the
amplifier to become unstable. Effective source resistances,
acting in conjunction with the input capacitance of the
amplifier, should be kept to a minimum to avoid creating such
a pole at the input (see Figure 31). There is minimal effect on
stability where the created input pole is much greater than the
closed loop corner frequency. Where amplifier stability is
affected as a result of a negative feedback resistor in
conjunction with the amplifier’s input capacitance, creating a
pole near the closed loop corner frequency, lead capacitor
compensation techniques (lead capacitor in parallel with the
feedback resistor) can be employed to improve stability. The
feedback resistor and lead capacitor RC time constant
should be larger than that of the uncompensated input pole
frequency. Having a high resistance connected to the
noninverting input of the amplifier can create a like instability
problem. Compensation for this condition can be
accomplished by adding a lead capacitor in parallel with the
noninverting input resistor of such a value as to make the RC
time constant larger than the RC time constant of the
uncompensated input resistor acting in conjunction with the
amplifiers input capacitance.

For optimum frequency performance and stability, careful
component placement and printed circuit board layout should
be exercised. For example, long unshielded input or output
leads may result in unwanted input output coupling. In order
to reduce the input capacitance, the body of resistors
connected to the input pins should be physically close to the
input pins. This not only minimizes the input pole creation for
optimum frequency response, but also minimizes extraneous
signal “pickup” at this node. Power supplies should be

decoupled with adequate capacitance as close as possible to
the device supply pin.

In addition to amplifier stability considerations, input
source resistance values should be low to take full advantage
of the low noise characteristics of the amplifier. Thermal
noise (Johnson Noise) of a resistor is generated by
thermally—charged carriers randomly moving within the
resistor creating a voltage. The rms thermal noise voltage in
a resistor can be calculated from:

Enr= | 4k TR x BW

where:
k = Boltzmann’s Constant (1.38 x 10—23 joules/k)
T = Kelvin temperature
R = Resistance in ohms
BW = Upper and lower frequency limit in Hertz.

By way of reference, a 1.0 kQ resistor at 25°C will produce
a 4.0nVAHz of rms noise voltage. If this resistor is
connected to the input of the ampilifier, the noise voltage will
be gained-up in accordance to the amplifier's gain
configuration. For this reason, the selection of input source
resistance for low noise circuit applications warrants serious
consideration. The total noise of the amplifier, as referred to
its inputs, is typically only 4.4 nV/Hz at 1.0 kHz.

The output of any one amplifier is current limited and thus
protected from a direct short to ground, However, under such
conditions, it is important not to allow the ampilifier to exceed
the maximum junction temperature rating. Typically for £15 V
supplies, any one output can be shorted continuously to
ground without exceeding the temperature rating.

Figure 36. Voltage Noise Test Circuit
(0.1 Hz to 10 Hzp_p)

2.0kQ

47 uF

Voltage Gain = 50,000 9

Note: All capacitors are non—polarized.

43k 2HF
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 22uF
— 10kQ
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Dual/Quad Low Noise
Operational Amplifiers

The MC33078/9 series is a family of high quality monolithic amplifiers
employing Bipolar technology with innovative high performance concepts for
quality audio and data signal processing applications. This family
incorporates the use of high frequency PNP input transistors to produce
amplifiers exhibiting low input voltage noise with high gain bandwidth
product and slew rate. The all NPN 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 and sink AC frequency performance.

The MC33078/9 family offers both dual and quad amplifier versions,
tested over the automotive temperature range and available in the plastic
DIP and SOIC packages (P and D suffixes).

® Dual Supply Operation: £+5.0 Vto +18 V
Low Voltage Noise: 4.5 nV//Hz

Low Input Offset Voltage: 0.15 mV

Low T.C. of Input Offset Voltage: 2.0 uV/°C
Low Total Harmonic Distortion: 0.002%
High Gain Bandwidth Product: 16 MHz
High Slew Rate: 7.0 V/ps

High Open Loop AC Gain: 800 @ 20 kHz
Excellent Frequency Stability

Large Output Voltage Swing: +14.1 V/-14.6 V
ESD Diodes Provided on the Inputs

Representative Schematic Diagram
(Each Amplifier)

J1 Amplifier
Biasing

MC33078
MC33079

DUAL/QUAD
LOW NOISE
OPERATIONAL AMPLIFIERS

P SUFFIX
PLASTIC PACKAGE
CASE 626

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

8] Vee
l Output 2
ﬂ
4‘ Inputs 2
15]

(Dual, Top View)

Output 1 |I

2]
Inputs 1 { E

vee [

QUAD

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(80-14)

PIN CONNECTIONS

\
Output 1 5
2
Inputs 1 {@gl q

Vee E

P SUFFIX
PLASTIC PACKAGE
CASE 646

14] Output 4
i3]

l Inputs 4

&l
Inputs 2 I &
Output 2 [7]

(Quad, Top View)

ORDERING INFORMATION

Operating

Device Temperature Range Package

SO-8
Plastic DIP

MC33078D
MC33078P

TA =—40° to +85°C S0-14

Plastic DIP

MC33079D
MC33079P
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (Vcc to VEE) Vg +36 \
Input Differential Voltage Range VIDR (Note 1) \
Input Voltage Range VIR (Note 1) \
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Maximum Junction Temperature Ty +150 °C
Storage Temperature Tstg ~60to +150 °C
Maximum Power Dissipation PD (Note 2) mwW

NOTES: 1. Either or both input voltages must not exceed the magnitude of Vo or VEE.
2. Power dissipation must be considered to ensure maximum junction temperature
(Ty) is not exceeded (see Figure 1).

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

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg=10Q, Vcm =0V, Vg =0V) Vol mVv
(MC33078) Tp = +25°C — 0.15 2.0
TA =—40° to +85°C — — 3.0
(MC33079) Tp = +25°C — 0.15 25
Ta =—40° to +85°C — — 3.5
Average Temperature Coefficient of Input Offset Voltage AV|o/AT — 2.0 — uv/eC

Rg=10Q,Vcm=0V, Vo =0V, Ta = Tiow to Thigh
Input Bias Current (Ve =0V, Vo =0V) i nA

Ta = +25°C — 300 750

Ta =—40° to +85°C —_ —_ 800
Input Offset Current (Vom =0V, Vo=0V) o nA

Ta =+25°C — 25 150

Ta =—40° to +85°C — — 175
Common Mode Input Voltage Range (AV)p = 5.0 mV, Vo =0V) VICR +13 +14 — v
Large Signal Voltage Gain (Vo =410 V, R|_ = 2.0 kQ) AyoL dB

Ta = +25°C 90 110 —

Ta = —40° to +85°C 85 — —

Output Voltage Swing (V|p = £1.0V) \

RL =600 Q Vo+ — +10.7 —_

RL =600 Q Vo- — -11.9 —

RL =2.0kQ Vo+ +13.2 | +13.8 —

RL =2.0kQ Vo- — -13.7 | -13.2

R =10kQ Vo+ +135 | +14.1 —

R =10 kQ Vo- — -14.6 -14
Common Mode Rejection (Vi = £13V) CMR 80 100 — dB
Power Supply Rejection (Note 3) PSR 80 105 — dB

Vee/VEE =+15V/ =15V to +5.0 V/-5.0 V
Output Short Circuit Current (V|p = 1.0 V, Output to Ground) Isc mA

Source +15 +29 —_

Sink —20 -37 —

Power Supply Current (Vg = 0 V, All Amplifiers) ID mA

(MC33078) Tp = +25°C — 41 5.0

TA = —40° to +85°C — — 55

(MC33079) Tp = +25°C — 8.4 10

Ta =—40°to +85°C — — 1

NOTE: 3. Measured with Vo and VEE differentially varied simultaneously.
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AC ELECTRICAL CHARACTERISTICS (Vgg = +15 V, VEE =-15V, Ta = 25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Slew Rate (Vin =—10 Vto +10 V, R = 2.0 kQ, C_= 100 pF Ay = +1.0) SR 5.0 7.0 — Vius
Gain Bandwidth Product (f = 100 kHz) GBW 10 16 - MHz
Unity Gain Frequency (Open Loop) fu — 9.0 — MHz
Gain Margin (B = 2.0 kQ) CpL=0pF Am — -1 — dB
Cp =100 pF — -6.0
Phase Margin (R = 2.0 kQ) CL=0pF Om — 55 — Degree
Cp =100 pF — 40 s
Channel Separation (f = 20 Hz to 20 kHz) Cs — -120 — dB
Power Bandwidth (Vo =27 Vppv R =2.0 kQ, THD < 1.0%) BWp — 120 — kHz
Distortion (R = 2.0 kQ, f = 20 Hz to 20 kHz, VO = 3.0 Vyps, Ay = +1.0) THD — 0.002 — %
Open Loop Output Impedance (Vo =0V, f = 9.0 MHz) 1Zpl — 37 — Q
Differential Input Resistance (VoM = 0 v) RIN _ 175 — kQ
Differential Input Capacitance (VoM = 0 V) CIN — 12 — pF
Equivalent Input Noise Voltage (Rg = 100 €, f = 1.0 kHz) en —_ 4.5 — nV/Hz
Equivalent Input Noise Current (f = 1.0 kHz) in — 0.5 - pA/VHz
Figure 1. Maximum Power Dissipation Figure 2. Input Bias Current versus
versus Temperature Supply Voltage
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Figure 3. Input Bias Current versus Temperature
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Figure 5. Input Bias Current versus
Common Mode Voltage

Figure 6. Input Common Mode Voltage
Range versus Temperature
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Figure 11. Power Supply Rejection

Figure 12. Gain Bandwidth Product

versus Frequency versus Supply Voltage
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Figure 17. Open Loop Voltage Gain

versus Temperature

Figure 18. Output Impedance

versus Frequency
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Figure 23. Slew Rate versus Temperature
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Figure 29. Phase Margin and Gain Margin versus
Differential Source Resistance
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Figure 30. Inverting Amplifier Slew Rate Figure 31. Noninverting Amplifier Slew Rate
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Figure 34. Voltage Noise Test Circuit
(0.1 Hz to 10 Hzp_p)
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Sleep-Mode™ Two-State,
Micropower Operational
Amplifier

The MC33102 dual operational amplifier is an innovative design concept
employing Sleep—Mode technology. Sleep—Mode amplifiers have two
separate states, a sleepmode and an awakemode. In sleepmode, the
amplifier is active and waiting for an input signal. When a signal is applied
causing the amplifier to source or sink 160 pA (typically) to the load, it will
automatically switch to the awakemode which offers higher slew rate, gain
bandwidth, and drive capability.
® Two States: “Sleepmode” (Micropower) and “Awakemode”

(High Performance)
® Switches from Sleepmode to Awakemode in 4.0 s when Output Current

Exceeds the Threshold Current (R = 600 Q)
® Independent Sleepmode Function for Each Op Amp
® Standard Pinouts — No Additional Pins or Components Required
® Sleepmode State — Can Be Used in the Low Current Idle State as a

Fully Functional Micropower Amplifier
® Automatic Return to Sleepmode when Output Current Drops Below

Threshold
® No Deadband/Crossover Distortion; as Low as 1.0 Hz in the Awakemode
® Drop-in Replacement for Many Other Dual Op Amps
® ESD Clamps on Inputs Increase Reliability without Affecting Device

Operation

TYPICAL SILEEPMODE/AWAKEMODE PERFORMANCE

Sleepmode | Awakemode
Characteristic (Typical) (Typical) Unit
Low Current Drain 45 750 A
Low Input Offset Voltage 0.15 0.15 mV
High Output Current Capability 0.15 50 mA
Low T.C. of Input Offset Voltage 1.0 1.0 uv/°C
High Gain Bandwidth (@ 20 kHz) 0.33 4.6 MHz
High Slew Rate 0.16 1.7 Vius
Low Noise (@ 1.0 kHz) 28 9.0 nV/vHz
MAXIMUM RATINGS
Ratings Symbol Value Unit
‘Supply Voltage (Vg to VEE) Vs +36 Y
Input Differential Voltage Range VIDR (Note 1) \
Input Voltage Range VIR
Output Short Circuit Duration (Note 2) tsc (Note 2) sec
Maximum Junction Temperature Ty +150 °C
Storage Temperature Tstg —65to +150
Maximum Power Dissipation Pp (Note 2) mwW

NOTES: 1. Either or both input voltages should not exceed V¢ or VEE.
2. Power dissipation must be considered to ensure maximum junction temperature (T j)
is not exceeded (refer to Figure 1).

MC33102

DUAL SLEEP-MODE

OPERATIONAL AMPLIFIER
SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE %
CASE 751 8
(SO-8) 1
P SUFFIX
PLASTIC PACKAGE
CASE 626 8

PIN CONNECTIONS
—
Output 1 [1] (8] Ve
{ ’:2: ZI Qutput 2
Inputs 1
2] 6]
Vee [4] 5] }

(Dual, Top View)

Inputs
2

ORDERING INFORMATION

Operating .
Device Temperature Range Package
MC33102D SO-8
TA =—40° to +85°C
MC33102P Plastic DIP
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Simplified Block Diagram
Current Awake to
Threshold Sleepmode
Detector Delay Circuit
Fractional T | .
Load Current % of I J ‘ Hysteresis
Detector i . |
Buffer - l Buffer l IEnable
Iref Cstorage /;I;
Sleepmode Awakemode e Enable
Current Isleep Current
Regulator ¥ Regulator

lawake

DC ELECTRICAL CHARACTERISTICS (Voo =+15V, VEE =—-15V, T = 25°C, unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit
Input Offset Voltage (Rg =50 Q, VoM =0V, Vo =0V) 2 Iviol mv
Sleepmode
Ta =+25°C —_ 0.15 2.0
Ta =—40° to +85°C — — 3.0
Awakemode
Ta = +25°C . - 0.15 2.0
Tp =—40° to +85°C —_ — 3.0
Input Offset Voltage Temperature Coefficient 3 AV|0/AT uv/eC
(Rg=50Q,Vcm=0V,Vp=0V)
Ta = —40° to +85°C (Sleepmode and Awakemode) — 1.0 —
Input Bias Current (Vgpm =0V, Vo =0V) 4,6 B nA
Sleepmode
Ta =+25°C — 8.0 50
Ta = —40° to +85°C — — 60
Awakemode
Ta =+25°C — 100 500
TA =—40° to +85°C — — 600
Input Offset Current (VoM =0V, Vo =0V) — ol nA
Sleepmode
Ta =+25°C — 0.5 5.0
TA = —40° to +85°C — —_ 6.0
Awakemode
Ta=+25°C —_ 5.0 50
Ta = —40° to +85°C —_ — 60
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DC ELECTRICAL CHARACTERISTICS (Vog=+15V, VEg =—15V, Tp = 25°C, unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit
Common Mode Input Voltage Range 5 VICR \
(AV|p=5.0mV,Vg=0V)
Sleepmode and Awakemode -13 -14.8 —
—_ +14.2 +13
Large Signal Voltage Gain 7 AvoL kV/V
Sleepmode (RL = 1.0 MQ)
TA = +25°C 25 200 —
Ta =—40° to +85°C 15 — —
Awakemode (Vo =+10V, R = 600 Q)
TA = +25°C 50 700 —
Ta =—-40° to +85°C 25 — —
Output Voltage Swing (V|p =+1.0 V) 8,9, 10 \
Sleepmode (Voc =+15V, VEE=-15 V)
R =1.0MQ Vo+ +13.5 +14.2 —
R =1.0 MQ Vo- — -14.2 -135
Awakemode (Vo =+15V, VEE=-15 V) \
R =600 Q Vo+ +12.5 +13.6 —
R =600 Q Vo- — -13.6 -12.5
Rl =2.0kQ Vo+ +13.3 +14 —
RL =2.0kQ Vo- — —14 -13.3
Awakemode (Voc =+2.5V, VEg =-2.5 V)
R =600 Q Vo + +1.1 +1.6 —
R =600 Q Vo- — -1.6 -1.1
Common Mode Rejection (Vo = +13 V) 11 CMR dB
Sleepmode and Awakemode 80 90 —
Power Supply Rejection (Voc/VEE = +15 V/-15 V, 12 PSR dB
5.0V/-15V, +15 V/-5.0 V)
Sleepmode and Awakemode 80 100 —
Output Transition Current 13, 14 A
Sleepmode to Awakemode (Source/Sink) lrH1]
(Vg =%15V) 200 160 —
(Vg=+25V) 250 200 —
Awakemode to Sleepmode (Source/Sink) IrH2!
(Vg =%15V) — 142 90
(Vg=%25V) — 180 140
Qutput Short Circuit Current (Awakemode) 15,16 lsc! mA
(V|p = 1.0 V, Output to Ground)
Source 50 110 —
Sink 50 110 —
Power Supply Current (per Amplifier) (AcL =1, Vo = 0V) 17 I pnA
Sleepmode (Vg =*15V)
Ta = +25°C — 45 65
TA = —40° to +85°C — 48 70
Sleepmode (Vg =+2.5 V)
Ta = +25°C - 38 65
TA = —40° to +85°C — 42 —
Awakemode (Vg = +15 V)
Ta = +25°C — 750 800
Ta = —40° to +85°C —_ 800 900
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AC ELECTRICAL CHARACTERISTICS (Vgg=+15V, VEE =-15V, Ta = 25°C, unless otherwise noted.)

Characteristics Figure . Symbol Min Typ Max Unit

Slew Rate (Vi =-5.0 V to +5.0 V, C_= 50 pF, Ay = 1.0) 18 SR Vius
Sleepmode (R = 1.0 MQ) 0.10 0.16 —
Awakemode (Ry_= 600 Q) 1.0 1.7 —

Gain Bandwidth Product 19 GBW MHz
Sleepmode (f = 10 kHz) 0.25 0.33 —
Awakemode (f = 20 kHz) 3.5 4.6 _

Sleepmode to Awakemode Transition Time 20, 21 tr1 us
(AcL=0.1,Vjp=0Vto+5.0V)

R =600 Q — 4.0 —

Ry = 10kQ — 15 —
Awakemode to Sleepmode Transition Time 22 tr2 —_ 1.5 —_ sec
Unity Gain Frequency (Open Loop) fu kHz

Sleepmode (R = 100 kQ, C_= 0 pF) — 200 —
Awakemode (Ry_ =600 Q, C| =0 pF) —_ 2500 —

Gain Margin 23,25 AM dB
Sleepmode (R = 100 k2, C|_= 0 pF) —_ 13 -
Awakemode (R =600 Q, C| =0 pF) —_ 12 _

Phase Margin 24,26 M Degrees
Sleepmode (R = 100 kQ, C_= 0 pF) —_ 60 —_
Awakemode (R =600 Q, C|_= 0 pF) — 60 —

Channel Separation (f = 100 Hz to 20 kHz) 29 CS dB
Sleepmode and Awakemode _ 120 —_

Power Bandwidth (Awakemode) BWp kHz
(VO =10 Vpp, R =100 kQ, THD < 1%) — 20 —

Total Harmonic Distortion (Vo =2.0 Vpp, Ay =1.0) 30 THD %
Awakemode (Ry_= 600 Q)

f=1.0kHz — 0.005 —

f=10 kHz —_ 0.016 —_

f=20kHz _ 0.031 _—

DC Output Impedance (Vo =0V, Ay = 10, Iq = 10 pA) 31 Ro Q
Sleepmode — 1.0k —
Awakemode — 96 —_

Differential Input Resistance (Vopm =0 V) Rin MQ
Sleepmode —_ 1.3 —_
Awakemode — 0.17 —

Differential Input Capacitance (Vgpm =0 V) Cin pF
Sleepmode —_ 0.4 —
Awakemode — 4.0 —

Equivalent Input Noise Voitage (f = 1.0 kHz, Rg = 100 Q) 32 en nV/VHz
Sleepmode —_ 28 —_
Awakemode — 9.0 —

Equivalent Input Noise Current (f = 1.0 kHz) 33 in pA/NHz
Sleepmode — 0.01 —
Awakemode —_ 0.05 —
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Figure 1. Maximum Power Dissipation Figure 2. Distribution of Input Offset Voltage
s versus Temperature (MC33102D Package)
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Figure 7. Open Loop Voltage Gain

MC33102

Figure 8. Output Voltage Swing

versus Temperature versus Supply Voltage
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Figure 13. Sleepmode to Awakemode
Current Threshold versus Supply Voltage

Figure 14. Awakemode to Sleepmode
Current Threshold versus Supply Voltage
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Figure: 19. Gain Bandwidth Product
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Figure 25. Open Loop Gain Margin versus Figure 26. Phase Margin versus
Output Load Capacitance Output Load Capacitance
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Figure 31. Awakemode Output Impedance
versus Frequency

Figure 32. Input Referred Noise Voltage
versus Frequency
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Figure 34. Percent Overshoot
Figure 33. Current Noise versus Frequency versus Load Capacitance
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Figure 37. Sleepmode Small Signal
Transient Response

Vp, PEAK VOLTAGE (50 mV/DIV)

1, TIME (50 ps/DIV)

Figure 38. Awakemode Small Signal
Transient Response

Vp, PEAK VOLTAGE (50 mV/DIV)

t, TIME (50 ps/DIV)

CIRCUIT INFORMATION

The MC33102 was designed primarily for applications
where high performance (which requires higher current drain)
is required only part of the time. The two—state feature of this
op amp enables it to conserve power during idle times, yet be
powered up and ready for an input signal. Possible
applications include laptop computers, automotive, cordless
phones, baby monitors, and battery operated test equipment.
Although most applications will require low power
consumption, this device can be used in any application
where better efficiency and higher performance is needed.

The Sleep—Mode™ amplifier has two states; a sleepmode
and an awakemode. In the sleepmode state, the amplifier is
active and functions as a typical micropower op amp. When a
signal is applied to the amplifier causing it to source or sink
sufficient current (see Figure 13), the amplifier will
automatically switch to the awakemode. See Figures 20 and
21 for transition times with 600 Q and 10 kQ loads.

The awakemode uses higher drain current to provide a
high slew rate, gain bandwidth, and output current capability.
In the awakemode, this amplifier can drive 27 Vpp into a
600 Q load with Vg =+15V.

An internal delay circuit is used to prevent the amplifier
from returning to the sleepmode at every zero crossing. This
delay circuit also eliminates the crossover distortion
commonly found in micropower amplifiers. This amplifier can
process frequencies as low as 1.0 Hz without the amplifier
returning to sleepmode, depending on the load.

The first stage PNP differential amplifier provides low noise
performance in both the sleep and awake modes, and an all
NPN output stage provides symmetrical source and sink AC
frequency response.

APPLICATIONS INFORMATION

The MC33102 will begin to function at power supply
voltages as low as Vg = £1.0 V at room temperature. (At this
voltage, the output voltage swing will be limited to a few
hundred millivolts.) The input voltages must range between
Vce and VEE supply voltages as shown in the maximum
rating table. Specifically, allowing the input to go more
negative than 0.3 V below VEE may cause product
damage. Also, exceeding the input common mode voltage
range on either input may cause phase reversal, even if the
inputs are between Vcc and VEE.

When power is initially applied, the part may start to
operate in the awakemode. This is because of the currents
generated due to charging of internal capacitors. When this
occurs and the sleepmode state is desired, the user will have
to wait approximately 1.5 seconds before the device will
switch back to the sleepmode. To prevent this from occurring,
ramp the power supplies from 1.0 V to full supply. Notice that
the device is more prone to switch into the awakemode when
VEE is adjusted than with a similar change in Vcc.

The amplifier is designed to switch from sleepmode to
awakemode whenever the output current exceeds a preset

current threshold (ITH) of approximately 160 pA. As a resullt,
the output switching threshold voltage (VST) is controlied by
the output loading resistance (RL). This loading can be a load
resistor, feedback resistors, or both. Then:

VgT= (160 uA) x R

Large valued load resistors require a large output voltage
to switch, but reduce unwanted transitions to the
awakemode. For instance, in cases where the amplifier is
connected with a large closed loop gain (AcL), the input offset
voltage (V|Q) is multiplied by the gain at the output and could
produce an output voltage exceeding VST with no input
signal applied.

Small values of R|_allow rapid transition to the awakemode
because most of the transition time is consumed slewing in
the sleepmode until VgT is reached (see Figures 20, 21). The
output switching threshold voltage VgT is higher for larger
values of R, requiring the amplifier to slew longer in the
slower sleepmode state before switching to the awakemode.

MOTOROLA ANALOG IC DEVICE DATA
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The transition time (ttr1) required to switch from sleep to
awake mode is:

ttr1 =tp = ITH (RL/SRsleepmode)

Where: tp = Amplifier delay (<1.0 ps) |
ITH = Output threshold current for
more transition (160 pA)
RL = Load resistance
SRsleepmode = Sleepmode slew rate (0.16 V/us)

Although typically 160 pA, ITH varies with supply voltage
and temperature. In general, any current loading on the
output which causes a current greater than ITH to flow will
switch the amplifier into the awakemode. This includes
transition currents such as those generated by charging load
capacitances. In fact, the maximum capacitance that can be
driven while attempting to remain in the sleepmode is
approximately 1000 pF.

CL(max) = ITH/SRsleepmode
=160 pA/(0.16 V/us)
=1000 pF
Any electrical noise seen at the output of the MC33102
may also cause the device to transition to the awakemode. To

minimize this problem, a resistor may be added in series with
the output of the device (inserted as close to the device as
possible) to isolate the op amp from both parasitic and load
capacitance.

The awakemode to sleepmode transition time is controlled
by an internal delay circuit, which is necessary to prevent the
amplifier from going to sleep during every zero crossing. This
time is a function of supply voltage and temperature as
shown in Figure 22. )

Gain bandwidth product (GBW) in both modes is an
important system design consideration when using a
sleepmode amplifier. The amplifier has been designed to
obtain the maximum GBW in both modes. “Smooth” AC
transitions between modes with no noticeable change in the
amplitude of the output voltage waveform will occur as long
as the closed loop gains (AcL) in both modes are
substantially equal at the frequency of operation. For smooth
AC transitions:

(ACLsleepmode) (BW) < GBWgleepmode

Where: ACLsleepmode = Closed loop gain in
the sleepmode
BW = The required system bandwidth
or operating frequency

TESTING INFORMATION

To determine if the MC33102 is in the awakemode or the
sleepmode, the power supply currents (Ip+ and Ip—) must be
measured. When the magnitude of either power supply
current exceeds 400 pA, the device is in the awakemode.
When the magnitudes of both supply currents are less than
400 pA, the device is in the sleepmode. Since the total supply
current is typically ten times higher in the awakemode than
the sleepmode, the two states are easily distinguishable.

The measured value of Ip+ equals the Ip of both devices
(for a dual op amp) plus the output source current of device A
and the output source current of device B. Similarly, the
measured value of Ip—is equal to the Ip— of both devices plus
the output sink current of each device. lgyt is the sum

of the currents caused by both the feedback loop and load
resistance. The total oyt needs to be subtracted from the
measured Ip to obtain the correct Ip of the dual op amp.

An accurate way to measure the awakemode lgyt current
on automatic test equipment is to remove the lgyt current on
both Channel A and B. Then measure the Ip values before
the device goes back to the sleepmode state. The transition
will take typically 1.5 seconds with +15 V power supplies.

The large signal sleepmode testing in the characterization
was accomplished with a 1.0 MQ load resistor which ensured
the device would remain in sleepmode despite large
voltage swings.
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Low Power, Single Supply
Operational Amplifiers

Quality bipolar fabrication with innovative design concepts are employed
for the MC33171/72/74 series of monolithic operational amplifiers. These
devices operate at 180 uA per amplifier and offer 1.8 MHz of gain bandwidth
product and 2.1 V/us slew rate without the use of JFET device technology.
Although this series can be operated from split supplies, it is particularly
suited for single supply operation, since the common mode input voltage
includes ground potential (VEE). With a Darlington input stage, these devices
exhibit high input resistance, low input offset voltage and high gain. The all
NPN output stage, characterized by no deadband crossover distortion and
large output voltage swing, provides high capacitance drive capability,
excellent phase and gain margins, low open loop high frequency output
impedance and symmetrical source/sink AC frequency response.

The MC33171/72/74 are specified over the industrial/ automotive
temperature ranges. The complete series of single, dual and quad
operational amplifiers are available in plastic as well as the surface mount
packages.

MC33171
MC33172
MC33174

DUAL

&

8 ; 1
P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751
(SO-8)

PIN CONNECTIONS

Offset Null [1]
Inv. Input
Noninv. Input
VEE [5] Offset Null

® | ow Supply Current: 180 pA (Per Amplifier)
® Wide Supply Operating Range: 3.0 Vto 44 V or +1.5 V to 22 V (Single, Top View)
® Wide Input Common Mode Range, Including Ground (VEE)
e Wide Bandwidth: 1.8 MHz Output [1 2 Vee
e High Slew Rate: 2.1 V/us Inputs 1 { Output2
® Low Input Offset Voltage: 2.0 mV Vee [ } Inputs 2
® | arge Output Voltage Swing: —14.2 V to +14.2 V (with +15 V Supplies)
® | arge Capacitance Drive Capability: 0 pF to 500 pF (Top View)
® | ow Total Harmonic Distortion: 0.03%
® Excellent Phase Margin: 60°C
® Excellent Gain Margin: 15 dB QUAD
® Qutput Short Circuit Protection
® ESD Diodes Provide Input Protection for Dual and Quad » @
14 1
1
P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 646 CASE 751A
(SO-14)
PIN CONNECTIONS
\/
ORDERING INFORMATION Output 1 |7 ] Output 4
Op Amp Operating [Z [13)
Function Device Temperature Range Package Inputs 1 { 4 } Inputs 4
3 12
Single MC33171D Ta = —40° to +85°C SO-8 & &
MC33171P TA=—-40°10 +85°C | Plastic DIP Ve [4] 1] Veg
Dual MC33172D Tao=-40°t0 +85°C | SO-8 nputs 2 { (] 0] } nouts 3
MC33172P TA=-40°t0 +85°C | Plastic DIP S E Bl
Quad MC33174D Ta = —40° to +85°C SO-14 Output 2 7 | 8] Output 3
MC33174P Ta = —40° to +85°C Plastic DIP
(Top View)
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MAXIMUM RATINGS

Rating - Symbol Value Unit
Supply Voltage Vcc/VEE +22 \
Input Differential Voltage Range VIDR (Note 1) \'
Input Voltage Range VIR (Note 1) \'
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Operating Ambient Temperature Range TA —40 to +85 °C
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —65 to +150 °C

NOTES: 1. Either or both input voltages must not exceed the magnitude of Vo or VEE,
2. Power dissipation must be considered to ensure maximum junction temperature (T j)

is not exceeded.

Representative Schematic Diagram
(Each Amplifier)

° - - . . o
Vee
Q3 Q4 Q5 Q6 Q7
Q AT N
Q7L
b2y q Q18
R6 R7
Output
& R8
.
c2 D3
13 Q19
1
] Qi3 Q14 Q15 Q16
o2 Current
¥y D1 Limit
) IR
% R3 R4
O

(L L VEE/Gnd

Offset Null
(MC33171)
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DC ELECTRICAL CHARACTERISTICS (Vcc = +15V, VEE =-15 V, RL_ connected to ground, TA = Tjow to Thigh [Note 3],
unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Vopm =0 V) Vio mV
Vec=+15V, VEE=-15V, Tp = +25°C — 2.0 4.5
Vec=+5.0V, VEE =0V, Tp =+25°C — 25 5.0
Vee =+15V, VEg =—15V, Ta = Tiow 10 Thigh — — 6.5
Average Temperature Coefficient of Offset Voltage AVIO/AT — 10 — uv/eC
Input Bias Current (Vgpm =0 V) B nA
TA = +25°C — 20 100
Ta =Tiow to Thigh — — 200
Input Offset Current (Vom =0 V) ho nA
TA =+25°C — 5.0 20
Ta = Tiow to Thigh — — 40
Large Signal Voltage Gain (Vo =+10 V< R| = 10 k) AvoL VimV
TA = +25°C 50 500 -
Ta=Tiow to Thigh 25 — —
Output Voltage Swing VOH \'
Vec=+5.0V,VEg =0V, R =10k, Tp =+25°C 3.5 4.3 —
Vo =+15V, VEg =-15V, R = 10k, Tp = +25°C 13.6 14.2 —
Vce =+15V, VEg =—15 V, R = 10k, TA = Tijow to Thigh 133 — —
Vec=+5.0V,VEE=0V, R =10k, Tp = +25°C VoL —_ 0.05 0.15
Veec=+15V, VEg=-15V, R_= 10k, Tp = +25°C — -142 | -13.6
Voe=+15V, VEE=-15V, R =10k, Ta = Tiow to Thigh — — -13.3
Output Short Circuit (Tp = +25°C) Isc mA
Input Overdrive = 1.0 V, Output to Ground
Source 3.0 5.0 —
Sink 15 27 —
Input Common Mode Voltage Range VICR \
Ta =+25°C VEE to (Vcc —1.8)
Ta =Tiow to Thigh VEgto (Vcc—22)
Common Mode Rejection Ratio (Rg < 10 k) Tp = +25°C CMRR 80 920 — dB
Power Supply Rejection Ratio (Rg = 100 Q) Tp = +25°C PSRR 80 100 — dB
Power Supply Current (Per Amplifier) ID uA
Vecc=+5.0V,VEE=0V, Tp = +25°C — 180 250
Voo =+15V, VEE = =15V, Tp = +25°C — 220 250
Vee =+15V, VEE =-15V, Ta = Tiow 10 Thigh — — 300

NOTE: 8. Tioy =—40°C  Thigh = +85°C
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AC ELECTRICAL CHARACTERISTICS (Vo = +15 V, VEg =15 V, RL_ connected to ground, Tp = +25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Slew Rate (Vin =-10Vto +10V, R_= 10k, C|_= 100 pF) SR Vius
Ay +1 1.6 21 —
Ay 1 — 2.1 —
Gain Bandwidth Product (f = 100 kHz) GBW 1.4 1.8 — MHz
Power Bandwidth ' BWp - 35 - KHz
Ay = +1.0 R =10k, Vo = 20 Vpp, THD = 5%
Phase Margin Om Degree
RL=10k — 60 — s
Ry =10k, C_= 100 pF — 45 —
Gain Margin Am dB
RL=10k - 15 —
RL =10k, CL = 100 pF - 5.0 —
Equivalent Input Noise Voltage en — 32 — nV/Hz
Rg=100Q, f=1.0 kHz
Equivalent Input Noise Current (f = 1.0 kHz) In — 0.2 — pA/VHz
Differential Input Resistance Rin — 300 — MQ
Vem=0V
Input Capacitance Cj — 0.8 — pF
Total Harmonic Distortion THD — 0.03 - %
Ay =+10, R =10k, 2.0 Vpp < VO <20 Vpp, f = 10 kHz
Channel Separation (f = 10 kHz) cs —_ 120 —_ dB
Open Loop Output Impedance (f = 1.0 MHz) 4 —_ 100 —_ Q

Figure 1. Input Common Mode Voltage Range
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Figure 2. Split Supply Output Saturation
versus Load Current
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Figure 3. Open Loop Voltage Gain and Figure 4. Phase Margin and Percent
Phase versus Frequency Overshoot versus Load Capacitance
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APPLICATIONS INFORMATION — CIRCUIT DESCRIPTION/PERFORMANCE FEATURES

Although the bandwidth, slew rate, and settling time of the
MC33171/72/74 amplifier family is similar to low power op
amp products utilizing JFET input devices, these amplifiers
offer additional advantages as a result of the PNP transistor
differential inputs and an all NPN transistor output stage.

Because the input common mode voltage range of this
input stage includes the VEE potential, single supply
operation is feasible to as low as 3.0 V with the common
mode input voltage at ground potential.

The input stage also allows differential input voltages up to
+44 V, provided the maximum input voltage range is not
exceeded. Specifically, the input voltages must range
between Vcc and VEE supply voltages as shown by the
maximum rating table. In practice, although not
recommended, the input voltages can exceed the Vcc
voltage by approximately 3.0 V and decrease below the VEE
voltage by 0.3 V without causing product damage, although
output phase reversal may occur. It is also possible to source
up to 5.0 mA of current from VEE through either inputs’
clamping diode without damage or latching, but phase
reversal may again occur. If at least one input is within the
common mode input voltage range and the other input is
within the maximum input voltage range, no phase reversal
will occur. If both inputs exceed the upper common mode
input voltage limit, the output will be forced to its lowest
voltage state.

Since the input capacitance associated with the small
geometry input device is substantially lower (0.8 pF) than that
of a typical JFET (3.0 pF), the frequency response for a given
input source resistance is greatly enhanced. This becomes
evident in D—to—A current to voltage conversion applications
where the feedback resistance can form a pole with the input
capacitance of the op amp. This input pole creates a 2nd
Order system with the single pole op amp and is therefore
detrimental to its settling time. In this context, lower input
capacitance is desirable especially for higher values of
feedback resistances (lower current DACs). This input pole
can be compensated for by creating a feedback zero with a
capacitance across the feedback resistance, if necessary, to
reduce overshoot. For 10 kQ of feedback resistance, the
MC33171/72/74 family can typically settle to within 1/2 LSB
of 8 bits in 4.2 us, and within 1/2 LSB of 12 bits in 4.8 ps for
a 10V step. In a standard inverting unity gain fast settling
configuration, the symmetrical slew rate is typically
+2.1 V/us. In the classic noninverting unity gain
configuration the typical output positive slew rate is also
2.1 V/us, and the corresponding negative slew rate will
usually exceed the positive slew rate as a function of the fall
time of the input waveform.

The all NPN output stage, shown in its basic form on the
equivalent circuit schematic, offers unique advantages over
the more conventional NPN/PNP transistor Class AB output
stage. A 10 kQ load resistance can typically swing within 0.8 V
of the positive rail (Vcc) and negative rail (VEE), providing a
28.4 Vpp swing from £15 V supplies. This large output swing
becomes most noticeable at lower supply voltages.

The positive swing is limited by the saturation voltage of
the current source transistor Q7, the VBE of the NPN puil-up
transistor Q17, and the voltage drop associated with the
short circuit resistance, R5. For sink currents less than
0.4 mA, the negative swing is limited by the saturation
voltage of the pull-down transistor Q15, and the voltage drop
across R4 and R5. For small valued sink currents, the above
voltage drops are negligible, allowing the negative swing

voltage to approach within millivolts of VEE. For sink currents
(> 0.4 mA), diode D3 clamps the voltage across R4. Thus the
negative swing is limited by the saturation voltage of Q15,
plus the forward diode drop of D3 (=VEEg +1.0 V). Therefore
an unprecedented peak-to—peak output voltage swing is
possible for a given supply voltage as indicated by the output
swing specifications.

If the load resistance is referenced to Vg instead of
ground for single supply applications, the maximum possible
output swing can be achieved for a given supply voltage. For
light load currents, the load resistance will pull the output to
Ve ¢ during the positive swing and the output will pull the load
resistance near ground during the negative swing. The load
resistance value should be much less than that of the
feedback resistance to maximize pull-up capability.

Because the PNP output emitter—follower transistor has
been eliminated, the MC33171/72/74 family offers a 15 mA
minimum current sink capability, typically to an output voltage
of (VEg +1.8 V). In single supply applications the output can
directly source or sink base current from a common emitter
NPN transistor for current switching applications.

In addition, the all NPN transistor output stage is inherently
faster than PNP types, contributing to the bipolar amplifier’s
improved gain bandwidth product. The associated high
frequency low output impedance (200 Q typ @ 1.0 MHz)
allows capacitive drive capability from 0 pF to 400 pF without
oscillation in the noninverting unity gain configuration. The
60°C phase margin and 15 dB gain margin, as well as the
general gain and phase characteristics, are virtuaily
independent of the source/sink output swing conditions. This
allows easier system phase compensation, since output
swing will not be a phase consideration. The AC
characteristics of the MC33171/72/74 family also allow
excellent active filter capability, especially for low voltage
single supply applications.

Although the single supply specification is defined at 5.0 V,
these amplifiers are functional to at least 3.0V @ 25°C.
However slight changes in parametrics such as bandwidth,
slew rate, and DC gain may occur.

If power to this integrated circuit is applied in reverse
polarity, or if the IC is installed backwards in a socket, large
unlimited current surges will occur through the device that
may result in device destruction.

As usual with most high frequency amplifiers, proper lead
dress, component placement and PC board layout should
be exercised for optimum frequency performance. For
example, long unshielded input or output leads may result in
unwanted input/output coupling. In- order to preserve the
relatively low input capacitance associated with these
amplifiers, resistors connected to the inputs should be
immediately adjacent to the input pin to minimize additional
stray input capacitance. This not only minimizes the input
pole for optimum frequency response, but also minimizes
extraneous “pick up” at this node. Supply decoupling with
adequate capacitance immediately adjacent to the supply pin
is also important, particularly over temperature, since many
types of decoupling capacitors exhibit great impedance
changes over temperature.

The output of any one amplifier is current limited and thus
protected from a direct short to ground. However, under such
conditions, it is important not to allow the device to exceed
the maximum junction temperature rating. Typically for 15 V
supplies, any one output can be shorted continuously to
ground without exceeding the maximum temperature rating.
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Figure 9. AC Coupled Noninverting Amplifier
with Single +5.0 V Supply

Ay =101
BW (3.0 dB) = 20 kHz

Figure 11. DC Coupled Inverting Amplifier
Maximum Output Swing with Single
+5.0 V Supply

| 100k
—VA

100 k

Ay =10
BW (3.0 dB) = 200 kHz

Figure 13. Active High—Q Notch Filter
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Figure 10. AC Coupled Inverting Amplifier
with Single +5.0 V Supply
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= BW(-30dB)=200kHz =

Figure 12. Offset Nulling Circuit

Vee

O VEE

Offset Nulling range is approximately 80 mV with
a 10 k potentiometer, MC33171 only.

Figure 14. Active Bandpass Filter

_l_ 1 ;ICCSO kH:

o= iz
o 3 Q=10

R1 : 22k Hp=1.0
v 1.1k
in O YWV —O
c Vo
R2 0.047
56k
0.4
= Vee ' R3  pp-_RIRS
Then: R1= 2Ho 402R1 -R3

Given f, = center frequency ma=—2 Qfo 01
Ao = Gain at center frequency T nfC GBW

Choose Value fo, Q, Ag, C
For less than 10% error for operational amplifier, where f, and GBW are expressed in Hz.
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High Output Current
Low Power, Low Noise Bipolar
Operational Amplifiers

The MC33178/9 series is a family of high quality monolithic amplifiers
employing Bipolar technology with innovative high performance concepts for
quality audio and data signal processing applications. This device family
incorporates the use of high frequency PNP input transistors to produce
amplifiers exhibiting low input offset voltage, noise and distortion. In addition,
the amplifier provides high output current drive capability while consuming
only 420 pA of drain current per amplifier. The NPN output stage used,
exhibits no deadband crossover distortion, large output voltage swing,
excellent phase and gain margins, low open—loop high frequency output
impedance, symmetrical source and sink AC frequency performance.

The MC33178/9 family offers both dual and quad amplifier versions,
tested over the vehicular temperature range, and are available in DIP and
SOIC packages.
® 600 Q Output Drive Capability
® |arge Output Voltage Swing
® | ow Offset Voltage: 0.15 mV (Mean)
® Low T.C. of Input Offset Voltage: 2.0 uV/°C
® | ow Total Harmonic Distortion: 0.0024% (@ 1.0 kHz w/600 Q Load)
® High Gain Bandwidth: 5.0 MHz
® High Slew Rate: 2.0 V/us
® Dual Supply Operation: +2.0 V to +18 V

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

MC33178
MC33179

HIGH OUTPUT CURRENT
LOW POWER, LOW NOISE
OPERATIONAL AMPLIFIERS

DUAL

P SUFFIX
PLASTIC PACKAGE
CASE 626

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

Representative Schematic Diagram (Each Amplifier)
Vee©
y r'y Iref
y
Vin =0 OVin+ | Cc ¥
{—
‘ K Vo
Cm
|4
Vgt % ;
ORDERING INFORMATION
Op Amp Fully Operating
Function Comp ted Temp e Range Package
Dual MC33178D SO-8
MC33178P Plastic DIP
Ta = —40° to +85°C
Quad MC33179D SO-14
MC33179P Plastic DIP

(Top View)
QUAD
P SUFFIX
PLASTIC PACKAGE
14 CASE 646
1
D SUFFIX
@ PLASTIC PACKAGE
14 CASE 751A
1 (S0-14)
PIN CONNECTIONS
Y
Output 1 [T %ﬂ Qutput 4
B 73
Inputs 1 {E 4 & }Inputs 4
E} 2]
Ve [4] [11] Vee
5 10
Inputs Z{Eb—’ l—@::‘ }Inputs 3
o )
Output 2 [7] '8] Output 3
(Top View)
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (VCc to VEE) Vg +36 v
Input Differential Voltage Range VIDR (Note 1) \
Input Voltage Range VIR (Note 1) \
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Maximum Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —60 to +150 °C
Maximum Power Dissipation Pp (Note 2) mwW

NOTES: 1. Either or both input voltages should not exceed V¢ or VEg.
2. Power dissipation must be considered to ensure maximum junction temperature (T j) is not
exceeded. (See power dissipation performance characteristic, Figure 1.)

DC ELECTRICAL CHARACTERISTICS (Vgg = +15 V, VEE =-15 V, Ta = 25°C, unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit
Input Offset Voltage (Rg =50 Q, Vom =0V, Vo =0V) 2 Vol mv
(Vcc=+25V,VEg=-25VtoVcc=+15V,VEg=-15V)
Ta =+25°C — 0.15 3.0
Ta =—40° to +85°C — — 4.0
Average Temperature Coefficient of Input Offset Voltage 2 AV|O/AT uv/°C
(Rs=50Q,Vcm=0V,Vp=0V)
TA = —40° to +85°C — 2.0 -
Input Bias Current (Vg =0V, Vo =0V) 3,4 B nA
Ta =+25°C — 100 500
TA =—40° to +85°C — — 600
Input Offset Current (Vom =0V, Vo =0V) ol nA
TA =+425°C — 5.0 50
Ta =—40°to +85°C — — 60
Common Mode Input Voltage Range 5 ViCR -13 -14 — \
(AVip=5.0mV,Vp=0V) — +14 +13
Large Signal Voltage Gain (Vo =-10 V to +10 V, R = 600 Q) 6,7 AvoL IV
Ta =+25°C 50k 200 k —_
Ta = —40° to +85°C 25k — —
Output Voltage Swing (V|p = 1.0 V) 8,9,10 v
(Vcc=+15V,VEg=-15V)
R =300 Q Vo+ — +12 —
R =300Q Vo- — -12 -
R =600 Q Vo+ +12 +13.6 —
R =600 Q Vo- — -13 -12
RL=2.0kQ Vo+ +13 +14 —
RL=2.0kQ Vo- — -13.8 -13
(Vcc=+25V,VEg =-25V)
R =600 Q Vo+ 11 1.6 -
Ry =600 Q Vo- — -1.6 -1.1
Common Mode Rejection (Vjn = £13 V) 1 CMR 80 110 — dB
Power Supply Rejection 12 PSR 80 110 —_ dB
VcC/VEE =+16 V/-15V, +5.0 V/ =15V, +15 V/ -5.0 V
Output Short Circuit Current (Vjp = £1.0 V, Output to Ground) 13,14 Isc mA
Source (Vcc=25Vto 15V) +50 +80 -
Sink (VEg =—2.5Vto-15V) -50 -100 —
Power Supply Current (Vo =0 V) 15 D mA
(Vcc=25V,VEg=-25VtoVec=+15V, VEE=-15V)
MC33178 (Dual)
Ta = +25°C — — 1.4
TA =—40° to +85°C — — 1.6
MC33179 (Quad)
TA = +25°C — 1.7 2.4
Ta = —40° to +85°C — — 2.6
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AC ELECTRICAL CHARACTERISTICS (Vo = +15 V, VEE =—15 V, Ta = 25°C, unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit
Slew Rate 16, 31 SR 1.2 2.0 — Vius
(Vin=—-10V to +10 V, R_= 2.0 kQ, C|_ = 100 pF, Ay = +1.0 V)
Gain Bandwidth Product (f = 100 kHz) 17 GBW 25 5.0 — MHz
AC Voltage Gain (R = 600 Q, Vo = 0V, f = 20 kHz) 18,19 AvO - 50 — dB
Unity Gain Frequency (Open—Loop) (R = 600 Q, C_= 0 pF) fu - 3.0 —_ MHz
Gain Margin (R =600 Q, C} =0 pF) 20, 22,23 Am — 15 — dB
Phase Margin (R = 600 Q, C) =0 pF) 21,22,23 om — 60 — Degree
s
Channel Separation (f = 100 Hz to 20 kHz) 24 CS — -120 — dB
Power Bandwidth (Vo = 20 Vpp, RL =600 Q, THD < 1.0%) BWp —_ 32 —_ kHz
Distortion (R = 600 ©,, VO =2.0 Vpp, Ay = +1.0V) 25 THD %
(f=1.0 kHz) — 0.0024 —
(f=10kHz) — 0.014 —
(f =20 kHz) — 0.024 —
Open Loop Output Impedance 26 1Zpl — 150 — Q
(VO =0V, f=3.0 MHz, Ay = 10 V)
Differential input Resistance (Vop =0 V) Rin — 200 — kQ
Differential Input Capacitance (Vg\m = 0 V) Cin — 10 — pF
Equivalent Input Noise Voltage (Rg = 100 Q,) 27 en nV/\VHz
f=10Hz — 8.0 -
f=1.0kHz — 7.5 —
Equivalent Input Noise Current 28 in pA/NHZ
f=10Hz — 0.33 —
f=1.0kHz —_— 0.15 —_
Figure 1. Maximum Power Dissipation Figure 2. Input Offset Voltage versus
%‘ versus Temperature Temperature for 3 Typical Units
g 2400 l ] | 40 T
= Vec=+15V
=
=3 1 1 S 30 —
T 2000 h MC33178P/9P . VEg=~15V
g N 8 20 fs=100
Pl . . =
= 1600 § " Unit 1 cM
= MC33179D g " -
[e] Unit 2
2 100 INL N B o
% \‘\ &2 Unit 3
= S -0
X 800 | MC33178D ek =
= I Q\\ Z 20
X 40 S 'S a0
s N =
£ o -40
-60 -40 -20 0 20 40 60 80 100 120 140 160 180 -55 25 0 25, 50 75 100 . 125

Ta, AMBIENT TEMPERATURE (°C)

Ta, AMBIENT TEMPERATURE (°C)
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I1g, INPUT BIAS CURRENT (nA)

VicR, INPUT COMMON MODE VOLTAGE RANGE (V)

AVOL OPEN LOOP VOLTAGE GAIN (dB)

Figure 3. Input Bias Current Figure 4. Input Bias Current
versus Common Mode Voitage versus Temperature
160 120 T
140 \ g 110 _VC(;=:15V
120 5 xEEb()‘\SIV sin
CMm=
100 ™~ § 100 A
80 o 90
<
om
60— Voo =+15V = /
VEE=-15V z 80
40|— Ta=25°C =
2 70
20 = '
0 60
-15 -10 -5.0 0 5.0 10 15 -55 -25 0 25 50 75 100 125
Vom, COMMON MODE VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
Figure 5. Input Common Mode Voltage Figure 6. Open Loop Voltage Gain
Range versus Temperature versus Temperature
Vee 250
Vgg-05V e T
cc-U =
= 200 \\\
Voo -1.0V Voo =+5.0 Vo +18V 3 I
VEE=-5.0Vto-18V u ]
Vec-15V AVjp=50mV 2 150
Ve =20V =
/\,—’\\/\_«/\/—lw & 100|— Yoc=+15Y
r/\,/ﬁ\/"r\—‘—"\ﬁ‘\ 9 :/EE0=H—15 Vv
= — f=10Hz
VEE+1.0V w 50 AVp=10Vto+10V
o B —
VEE+05V a AL _1600 @ \
>
VEE < 9 l |
-55 -25 0 25 50 75 100 125 -55 25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
Figure 7. Voltage Gain and Phase Figure 8. Output Voltage Swing
versus Frequency versus Supply Voltage
50 I 80 40
40 ¥00=+11§\\//_ 100 35 . s
EE=-15V _ H = Ta=25°C
30 iy VeEoV 0 Ew A /A
2 N TA=2C < M0E = A=10ke B~
10 N wy 2 R =600
0 SN h\\A wE S / L
-10 ~ 200 9 5 5 A
20} N 1B \ 220 8 'ﬂ__ /
1A) Phase (R|_= 600 Q) N5 & 3 10 /
—30 }-2A) Phase (R|_ = 600 ©, C|_ = 300 pF) ~ 240 o 5 A
_4g|. 1B) Gain (R = 600 ©) N2A 250 =50 /
2B) Gain (R|_ =600 &, C|_= 300 pF)
_502 3 4 5 6 7 80910 2080 00 5.0 10 15 20
f, FREQUENCY (Hz) Vee, Vg, SUPPLY VOLTAGE (V)
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Figure 9. Output Saturation Voltage
versus Load Current

Vee

Figure 10. Output Voltage
versus Frequency

s T 28
S Tp = +125°C Source
@ [r— \\
7 Vec-10V : 5%
=] Ta =-55°C =
é Veg-20V 8
§ W%’\/\\/g g 1 \
=4 ! /\[/\I\/ =
L VEE+0V —g; = 12 Vec=+15V
3 EE Sink —] > VEE=-15V
= Ta=-55°C | 5 80— R =600Q
5 VEg +1.0V — ! © | Ay=+0V N
° = 1 - vi25°C VGG =+5.0V 10 +18Y S 40|  THD=<10% N
] A—I VEE=-5.0V 1018V Ta=25°C N
= VEE . L 0 L1111l
0 5.0 10 15 20 1.0k 10k 100k 1.0M
I, LOAD CURRENT (+mA) f, FREQUENCY (Hz)
Figure 11. Common Mode Rejection Figure 12. Power Supply Rejection
versus Frequency Over Temperature versus Frequency Over Temperature
120 120 v AR
g [T g L | Ta=—55°lo 125°C
= Veg=+15V || = cC=+
g 1w Vee - isv 5 100 R R Veg =15V
5 g Vom=0V 5 | NV =15V
S w AVey =415V = 8
« Tp =-55°to +125°C c N
g 60 ™ z 60
z 2 AV
Q 40| aVem O I Oavo I N & 40 N
= = N N
o} 3
© 20 AVG a2 AVo/Apm \
z CMR =20 Log X ADM N = PSR=20Log | ———
3 0 AVO a AVeo
0
10 100 1.0k 10k 100k 1.0M 10 100 1.0k 10k 100 k 1.0M
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
Figure 13. Output Short Circuit Current Figure 14. Output Short Circuit Current
= versus Output Voltage — versus Temperature
£ 100 , E 100
= Source = | L
& L~ o \ . | |
5 80 A — R Vog =415V —|
o / I~ u o \ Sink VEE=-15V
5 N Sink E ~ Vip=21.0V
S 60 S 80 N RL<10Q ——
[ J z \\J
E N ;._) Source \‘\
& 4 N g 70 NS
& / Voo =+15V \ >
5 VEg=-15V 5
2 ol / Vip=+1.0V \ 2 & ~—
3 s ~
g0 Q50
= -5 -9.0 30 0 30 9.0 15 = -5 -25 0 25 50 75 100 125
Vo, OUTPUT VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
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Figure 15. Supply Current versus Supply
Voltage with No Load

Figure 16. Normalized Slew Rate
versus Temperature

__ 625 115
2 | | 1.10
8 10— v
& 500 Th = +125°C 8 xg& ey
= = 1.05—
T S AVip =20 Vg [
< a5 Tp = +25°C g 100
z 1 — =3
@ w095 -
£ 20 /4/ Ta= -55°C § 090 .
N
g / @ 085 1 7o ]
S 125 o AL avin 5000 100pF
5 I/ @ 080 ¥ 7
8 / = =
-_— 0 075 1 Ll 1 1
0 20 40 60 80 10 12 14 16 18 55 25 0 25 50 75 100 125
VGG, IVEE! , SUPPLY VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
Figure 17. Gain Bandwidth Product Figure 18. Voltage Gain and Phase
versus Temperature versus Frequency
o 10 50 —< ' 80
% 40 A o 100
g . asel )
g 80 - R R 120 &
3 g 5 N ™ 140 &
£ 60 2 10 TN Gai N 60 S
3 air e
5 — é 0 AN \\ 180 &
Z L veo=+sv = Voo =+15V NN Fl
2 40 VEE =15V g3 VEE=~15V Y 20 5
o [——f=100kHz . =20 RL =600 Q N 220
2 0l R=6000 E2 Ta=25°C ot &
; ) CL=0pF CpL=0pF 250 -
+ _40 N
8, 11 _50 L 260
55 25 0 25 50 75 100 125 100k 1.0M 10M 100M
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz)
Figure 19. Voltage Gain and Phase Figure 20. Open Loop Gain Margin
versus Frequency versus Temperature
80 T 777 80 15 T T
40 L :_;A =25°C 4100 ) Cp=10pF
N L =o0 =
— 30 < ~0pF 120 =z
8 i\\ Y CL=0pF s B 12
=2 S oz Cy =100 pF
E RN 1A g = L=
8 10 N BTN A 160 <UQ!3 5 9.0 i ——
g 0 ) } 180 g Q Cy =300 pF
5 -10 3 200 £ § 6.0
-2 N 200 % = |—Vgg=+5V
> 1A) Phase Voo =18 V, VEg =-18V ——EEE < w VEE=-15V
< -30| 2A) Phase VGG 1.5V, VEg =15V 240 S 30— rt 00
40| 1B)Gain VCG = 18V, VEE =18V \ 280 £ L=
2B) GainVoc =15V, VEE=-15V \ \ T
_50 1 IR 1 1 L1 280 0
100k 1.0M 10M 100M 55 25 0 2% 50 75 100 125
f, FREQUENCY (Hz) Ta, AMBIENT TEMPERATURE (°C)
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Figure 21. Phase Margin

Figure 22. Phase Margin and Gain Margin

versus Temperature versus Differential Source Resistance
60 I 12 I 60
““d - —
@ 50 oL-105F 10 BT — S 50 E
T j o Voo=+15V [N '\ Gain Margin <]
g " Cp =100 pF = 80 ngg=-15v N\ N 03
= 5] Rr=Ry+R2 \ \\ =
& 3 < gof Yo=0V 30 &
E P CL =300 pF = Ta=25°C N =
& 3 | ] N 8
D 99 S 40 202
E‘,:: Voo =+15V £ o W ™ Phase Margin o
€ 10 VEE=-15V 20 viy Vo N g
RS R =600 Q oO—wWA— + <
t | R
l I 0 L |2 [N EET] L 0
-55 -25 0 25 50 75 100 125 100 1.0k 10k 100 k
Ta, AMBIENT TEMPERATURE (°C) Ry, DIFFERENTIAL SOURGE RESISTANGE (Q)
Figure 23. Open Loop Gain Margin and Phase Figure 24. Channel Separation
Margin versus Output Load Capacitance versus Frequency
18 60 150
TITT ) [T 17T
g [l | PraseMain| voo-s1sv @& & ”[|>riv|e thn!)ell| !
215 VEg=-15V 1% @ s I
= ™™ EE= w = 140 Veo=+15V 14
o » Vo=0V © § 8 N Ce=-15V ||
< — = RL =600 Q
N N =) = L
2 \L\ Gain Margm\ = g 130 ,/ N Tp=25°C I
390 - N 30 & [ N
5 ML N < 3 N
8 N \ I g 120
260} . 20 2 = NN
& Vin Vo N T I S
a "§§ a s} N
Saol 600Q CL N1 €& o 110
£ I e ©
< = =
0 L L1l 0 100
10 100 1.0k 100 1.0k 10k 100k 1.0M
C(, OUTPUT LOAD CAPACITANCE (pF) f, FREQUENCY (Hz)
Figure 25. Total Harmonic Distortion Figure 26. Output Impedance
versus Frequency versus Frequency
= 10 500
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B RIS TA=2C T T o0 T & o1 Ay=10 Veg=+15V
g pAL=t0Q g Av = 1000 Eaa W 2. Ay =10 VEE=-15V
5 2 s ap-10 Vo=0V 1
@ 1,0 < L AY .
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en , INPUT REFERRED NOISE VOLTAGE ( nV/VHz)

PERCENT OVERSHOOT (%)

100

Vo, OUTPUT VOLTAGE (50 mV/DIV)

MC33178 MC33179

Figure 27. Input Referred Noise Voltage
versus Frequency

Input Noise Voltage Test Circuit

Vo |

Voo=+15V

(1T

VEg=-15V
Ta=25C
AT

100

1.0k
f, FREQUENCY (Hz)

10k 10k

Figure 29. Percent Overshoot versus

Load Capacitance

A
[~ Voo =+15V
| VEp=-15V
Ta=25°C

100

1.0k

10k

C|, LOAD CAPACITANGE (pF)

Figure 31. Small Signal Transient Response

t, TIME (2.0 ns/DIV)

in , INPUT REFERRED NOISE CURRENT (pA/N Hz)

0.5

0.4

03

02

0.

o

Vo, OUTPUT VOLTAGE (5.0 V/DIV)

V0, OUTPUT VOLTAGE (5.0 V/DIV)

Figure 28. Input Referred Noise Current
versus Frequency

™" nput Nose Curtent TestCircut
Rs Vo
N
i i
1
= = (Rs =10k<2)
| Veo=+15V
VEg=-15V
— Ta=25°C
R
10 100 1.0k 10k 100k

f, FREQUENCY (Hz)

Figure 30. Noninverting Amplifier Slew Rate

t, TIME (2.0 us/DIV)

Figure 32. Large Signal Transient Response

t, TIME (5.0 ps/DIV)
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Figure 33. Telephone Line Interface Circuit

10k
A/
To. At _
Receiver < R N /\1/9/5
% 10k
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§ 200 k =
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10k
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APPLICATION INFORMATION

This unique device uses a boosted output stage to
combine a high output current with a drain current lower than
similar bipolar input op amps. lts 60° phase margin and 15 dB
gain margin ensure stability with up to 1000 pF of load
capacitance (see Figure 23). The ability to drive a minimum
600 Q load makes it particularly suitable for telecom
applications. Note that in the sample circuit in Figure 33 both
A2 and A3 are driving equivalent loads of approximately
600 Q.

The low input offset voltage and moderately high slew rate
and gain bandwidth product make it attractive for a variety of
other applications. For example, although it is not single
supply (the common mode input range does not include
ground), it is specified at +5.0 V with a typical common mode
rejection of 110 dB. This makes it an excellent choice for use
with digital circuits. The high common mode rejection, which
is stable over temperature, coupled with a low noise figure
and low distortion, is an ideal op amp for audio circuits.

The output stage of the op amp is current limited and
therefore has a certain amount of protection in the event of a
short circuit. However, because of its high current output, it is
especially important not to allow the device to exceed the
maximum junction temperature, particularly with the
MC33179 (quad op amp). Shorting more than one amplifier

could easily exceed the junction temperature to the extent of
causing permanent damage.

Stability

As usual with most high frequency amplifiers, proper lead
dress, component placement, and PC board layout should be
exercised for optimum frequency performance. For example,
long unshielded input or output leads may result in unwanted
input/output coupling. In order to preserve the relatively
low input capacitance associated with these amplifiers,
resistors connected to the inputs should be immediately
adjacent to the input pin to minimize additional stray input
capacitance. This not only minimizes the input pole
frequency for optimum frequency response, but also
minimizes extraneous “pick up” at this node. Supplying
decoupling with adequate capacitance immediately adjacent
to the supply pin is also important, particularly over
temperature, since many types of decoupling capacitors
exhibit great impedance changes over temperature.

Additional stability problems can be caused by high load
capacitances and/or a high source resistance. Simple
compensation schemes can be used to alleviate these
effects. .
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If a high source of resistance is used (R1 > 1.0 kQ), a
compensation capacitor equal to or greater than the input
capacitance of the op amp (10 pF) placed across the
feedback resistor (see Figure 34) can be used to neutralize
that pole and prevent outer loop oscillation. Since the closed
loop transient response will be a function of that capacitance,
it is important to choose the optimum value for that capacitor.
This can be determined by the following Equation:

Cg = (1 +[R1/R2])2 x C| (Zo/R2) (1)

where: ZQ is the output impedance of the op amp.

Figure 34. Compensation for
High Source Impedance

For moderately high capacitive loads (500 pF < CL
< 1500 pF) the addition of a compensation resistor on the
order of 20 Q between the output and the feedback loop will
help to decrease miller loop oscillation (see Figure 35). For
high capacitive loads (CL > 1500 pF), a combined
compensation scheme should be used (see Figure 36). Both
the compensation resistor and the compensation capacitor
affect the transient response and can be calculated for
optimum performance. The value of Cc can be calculated
using Equation (1). The Equation to calculate Rc is as
follows:

Rc =Zo x R1/R2 @

Figure 35. Compensation Circuit for
Moderate Capacitive Loads
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Figure 36. Compensation Circuit for
High Capacitive Loads
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Rail-to-Rail Operational
Amplifiers

The MC33201/2/4 family of operational amplifiers provide rail-to—rail
operation on both the input and output. The inputs can be driven as high as
200 mV beyond the supply rails without phase reversal on the outputs, and
the output can swing within 50 mV of each rail. This rail-to—rail operation
enables the user to make full use of the supply voltage range available. It is
designed to work at very low supply voltages (+ 0.9 V) yet can operate with a
supply of up to +12V and ground. Output current boosting techniques
provide a high output current capability while keeping the drain current of the
amplifier to a minimum. Also, the combination of low noise and distortion with
a high slew rate and drive capability make this an ideal amplifier for audio
applications.
® | ow Voltage, Single Supply Operation

(+1.8 V and Ground to +12 V and Ground)
® |nput Voltage Range Includes both Supply Rails
® Qutput Voltage Swings within 50 mV of both Rails
® No Phase Reversal on the Output for Over—driven Input Signals
® High Output Current (Isc = 80 mA, Typ)
® | ow Supply Current (Ip = 0.9 mA, Typ)
® 600 Q Output Drive Capability
]

MC33201
MC33202
MC33204

LOW VOLTAGE
RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

P SUFFIX
PLASTIC PACKAGE
CASE 626

&
1 [Z Output2
I
psurrix ™! B a
PLASTIC PACKAGE 4‘. Inputs 2
5

(Single, Top View)

Output 1 [1 | 18] Voc

Extended Operating Temperature Ranges C?SSOE_S? Vee [4]
(—40° to +105°C and —55° to +125°C) (Dual, Top View)
® Typical Gain Bandwidth Product = 2.2 MHz
® Offered in New TSSOP Package Including Standard SOIC and
DIP Packages N
14 14@
ORDERING INFORMATION 1 1
Operational TOperati;'-g P SUFFIX D SUFFIX
perationa’ emperature PLASTIC PACKAGE ~ PLASTIC PACKAGE
Amplifier Function Device Range Package CASE 646 CASE 751A
MC33201D S0-8 (80-14)
MC33201P TA=~40710 +108°C Plastic DIP
astic
Single " %‘
MC33201VD TA =-55°1to SO-8 1
MC33201VP +125°C Plastic DIP DTB SUFFIX
MC33202D S0-8 PLASTIC PACKAGE
Ta=—40 ° to +105°C CASE 948G
bual MC33202P Plastic DIP (TSSOP-14)
ual
MC33202VD Tp =55 °to S0-8
MG33202VP +126°C Plastic DIP output1 1 | ~ 12] Output 4
2 13
MC33204D SO-14 ot { Ejﬁ j } outs 4
MC33204DTB | Ta=-40°to +105°C | TSSOP-14 % 2]
MC33204P Plastic DIP Vee L4 7] vee
Quad [5] 110]
MC33204VD SO-14 Inputs 2 EH}‘ ‘@f@ Inputs 3
Ta =-55"°to
MC33204VDTB +125°C TSSOP-14 output2 [7 | 8 | Output3
MC33204VP Plastic DIP (Guad, Top Viow)
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DC ELECTRICAL CHARACTERISTICS (Tp = 25°C)

Characteristic Vec=20V Vece=33V Vee=5.0V Unit
Input Offset Voltage mV
VIO (max)
MC33201 +8.0 +8.0 +6.0
MC33202 +10 +10 +8.0
MC33204 +12 +12 +10
Output Voltage Swing
VoH (RL = 10 kQ) 1.9 3.15 4.85 Vmin
VoL (RL = 10 kQ) 0.10 0.15 0.15 Vmax
Power Supply Current mA
per Amplifier (Ip) 1.125 1.125 1.125
Specifications at Vg = 3.3 V are guaranteed by the 2.0 V and 5.0 V tests. VEg = Gnd.
MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage (Vcc to VEE) Vg +13 \
Input Differential Voltage Range VIDR (Note 1) \
Common Mode Input Voltage Range (Note 2) vcum Ve +0.5Vto \
VEE-0.5V
Output Short Circuit Duration tg (Note 3) sec
Maximum Junction Temperature Ty +150 °C
Storage Temperature Tstg - 65to +150 °C
Maximum Power Dissipation Pp (Note 3) mw

NOTES: 1. The differential input voltage of each amplifier is limited by two internal parallel back-to—back
diodes. For additional differential input voltage range, use current limiting resistors in series

with the input pins.

2. The input common mode voltage range is limited by internal diodes connected from the inputs
to both supply rails. Therefore, the voltage on either input must not exceed either supply rail by

more than 500 mV.

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

DC ELECTRICAL CHARACTERISTICS (Vog = +5.0V, VEE = Ground, Ta = 25°C, unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Input Offset Voltage (Vgm0 V10 0.5V, Vom 1.0V 10 5.0 V) 3 Iviol mV
MC33201: Tp =+ 25°C - - 6.0
TA = — 40° to +105°C - - 9.0
Ta =—55°to +125°C - - 13
MC33202: Tp = +25°C - - 8.0
Ta =—40°to +105°C - - 11
Ta =—55°to +125°C - - 14
MC33204: Tp =+ 25°C - - 10
Ta =—40°to +105°C - - 13
Tp = - 55° to +125°C _ _ 17
Input Offset Voltage Temperature Coefficient (Rg = 50 Q) 4 AV|O/AT uv/°C
Ta =—40°to +105°C - 2.0 -
TA = 55°to +125°C - 2,0 -
Input Bias Current (VoM =0 V10 0.5 V, VoM = 1.0 V10 5.0 V) 5,6 gl : nA
Tp=+25°C - 80 200
TA =—40°to +105°C - 100 250
Ta = — 55° to +125°C - - 500
Input Offset Current (VoM =0 V10 0.5V, Vom = 1.0 V1o 5.0 V) - ol nA
Ta=+25°C - 5.0 50
TaA =—40°to +105°C - 10 100
TA == 55° to +125°C - - 200
Common Mode Input Voltage Range - VICR VEE - Vce v
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MC33201 MC33202 MC33204

DC ELECTRICAL CHARACTERISTICS (continued) (Vgc = + 5.0 V, VEE = Ground, Ta = 25°C, unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Large Signal Voltage Gain (Vcc=+5.0V,VEE=-5.0V) 7 AvoL kVIV
RL =10 kQ 50 300 -
R =600 Q 25 250 -
Output Voltage Swing (Vip =+ 0.2 V) 8,9,10 ) \
Ry = 10kQ VOH 4.85 4.95 -
R =10 kQ VoL - 0.05 0.15
R =600 Q VOH 4.75 4.85 -
Ry =600 Q VoL - 0.15 0.25
Common Mode Rejection (Vin =0V to 5.0 V) 1 CMR 60 90 - dB
Power Supply Rejection Ratio 12 PSRR uviv
Vce/VEE = 5.0 V/Gnd to 3.0 V/Gnd 500 25 -
Output Short Circuit Current (Source and Sink) 13,14 Isc 50 80 - mA
Power Supply Current per Amplifier (Vo =0 V) 15 Ip mA
Ta =—40° to +105°C - 0.9 1.125
Ta =-55°to +125°C - 0.9 1.125

AC ELECTRICAL CHARACTERISTICS (Vgg =+5.0V, VEE = Ground, Ta = 25°C, unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Slew Rate 16, 26 SR V/us
(Vs=+25V,Vo=-2.0Vto+20V,R_=2.0kQ, Ay =+1.0) 0.5 1.0 -
Gain Bandwidth Product (f = 100 kHz) 17 GBW - 2.2 - MHz
Gain Margin (R = 600 Q, C|_= 0 pF) 20, 21,22 AMm - 12 - dB
Phase Margin (R = 600 Q, C|_= 0 pF) 20, 21,22 [V} - 65 - Deg
Channel Separation (f = 1.0 Hz to 20 kHz, Ay = 100) 23 Cs - 90 - dB
Power Bandwidth (VO = 4.0 Vpp, R = 600 Q, THD < 1 %) BWp - 28 - kHz
Total Harmonic Distortion (R = 600 ©, Vo = 1.0 Vpp, Ay = 1.0) 24 THD %
f=1.0kHz - 0.002 -
f=10kHz - 0.008 -
Open Loop Output Impedance | Z0 | Q
(Vo =0V, f=2.0MHz, Ay = 10) - 100 -
Differential Input Resistance (Vg =0 V) Rin - 200 - kQ
Differential Input Capacitance (Vgm =0 V) Cin - 8.0 - pF
Equivalent Input Noise Voltage (Rg = 100 Q) 25 en
nV/
f=10Hz - 25 - YHz
f=1.0kHz - 20 - -
Equivalent Input Noise Current 25 in
pA/
f=10Hz - 0.8 - .{H—'
f=1.0KHz - 0.2 - z
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Figure 1. Circuit Schematic
(Each Amplifier)
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This device contains 70 active transistors (each amplifier).
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Figure 2. Maximum Power Dissipation

_ versus Temperature Figure 3. Input Offset Voltage Distribution
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Figure 4. Input Offset Voltage Figure 5. Input Bias Current
Temperature Coefficient Distribution versus Temperature
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Figure 6. Input Bias Current Figure 7. Open Loop Voltage Gain versus
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Figure 8. Output Voltage Swing
versus Supply Voltage

Figure 9. Output Saturation Voltage

versus Load Current
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Figure 10. Output Voltage Figure 11. Common Mode Rejection
versus Frequency versus Frequency
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Figure 12. Power Supply Rejection Figure 13. Output Short Circuit Current
versus Frequency =z versus Output Voltage
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Figure 14. Output Short Circuit Current

versus Temperature

Figure 15. Supply Current per Amplifier

versus Supply Voltage with No Load
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Figure 16. Slew Rate Figure 17. Gain Bandwidth Product
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Figure 18. Voltage Gain and Phase Figure 19. Voltage Gain and Phase
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Figure 20. Gain and Phase Margin Figure 21. Gain and Phase Margin
versus Temperature versus Differential Source Resistance
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General Information

The MC33201/2/4 family of operational amplifiers are
unique in their ability to swing rail-to—rail on both the input
and the output with a completely bipolar design. This offers
low noise, high output current capability and a wide common
mode input voltage range even with low supply voltages.
Operation is guaranteed over an extended temperature
range and at supply voltages of 2.0 V, 3.3 V and 5.0 V and
ground.

Since the common mode input voltage range extends from
Ve to VEE, it can be operated with either single or split
voltage supplies. The MC33201/2/4 are guaranteed not to
latch or phase reverse over the entire common mode range,
however, the inputs should not be allowed to exceed
maximum ratings.

Figure 26. Noninverting Amplifier Slew Rate

VO’ OUTPUT VOLTAGE (2.0 mV/DIV)

t, TIME (5.0 us/DIV)

Circuit Information

Rail-to-rail performance is achieved at the input of the
amplifiers by using parallel NPN-PNP differential input
stages. When the inputs are within 800 mV of the negative
rail, the PNP stage is on. When the inputs are more than 800
mV greater than VEE, the NPN stage is on. This switching of
input pairs will cause a reversal of input bias currents (see
Figure 6). Also, slight differences in offset voltage may be
noted between the NPN and PNP pairs. Cross—coupling
techniques have been used to keep this change to a
minimum.

In addition to its rail-to—rail performance, the output stage
is current boosted to provide 80 mA of output current,
enabling the op amp to drive 600 Q loads. Because of this
high output current capability, care should be taken not to
exceed the 150°C maximum junction temperature.

Figure 27. Small Signal Transient Response

V., OUTPUT VOLTAGE (50 mV/DIV)

t, TIME (10 ps/DIV)

Figure 28. Large Signal Transient Response

V5, OUTPUT VOLTAGE (20 V/DIV)

1, TIME (10 ps/DIV)

2-226

MOTOROLA ANALOG IC DEVICE DATA



@ MOTOROLA

Advance Information
Rail-To-Rail Operational
Amplifiers with Enable
Feature

The MC33206/7 family of operational amplifiers provide rail-to-rail
operation on both the input and output. The inputs can be driven as high as
200 mV beyond the supply rails without phase reversal on the outputs and
the output can swing within 50 mV of each rail. This rail-to—rail operation
enables the user to make full use of the supply voltage range available. It is
designed to work at very low supply voltages (+0.9 V) yet can operate with a
single supply of up to 12 V and ground. Output current boosting techniques
provide a high output current capability while keeping the drain current of the
amplifier to a minimum.

The MC33206/7 has an enable mode that can be controlled externally.
The typical supply current in the standby mode is <1.0 pA (VEnable = Gnd).
The addition of an enable function makes this ampilifier an ideal choice for
power sensitive applications, battery powered equipment (instrumentation and
monitoring), portable telecommunication, and sample—and-hold applications.

® Standby Mode (Ip <1.0 A, Typ)

® Low Voltage, Single Supply Operation
(1.8 V and Ground to 12 V and Ground)

® Rail-to—Rail Input Common Mode Voltage Range

® QOutput Voltage Swings within 50 mV of both Rails

® No Phase Reversal on the Output for Over—Driven Input Signals
® High Output Current (Igc = 80 mA, Typ)

® |ow Supply Current (Ip = 0.9 mA, Typ)

600 Q Output Drive Capability

® Typical Gain Bandwidth Product = 2.2 MHz

ORDERING INFORMATION

MC33206
MC33207

LOW VOLTAGE
RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

MC33206

P SUFFIX

PLASTIC PACKAGE

CASE 646

D SUFFIX

PLASTIC PACKAGE

CASE 751A
(SO-14)

Ne. [1]
Ne. [2]

[12] NC.
E Vee

Output 1 [3 ]

Inputs 1 { 1—5——
Enable 1 [E
vee [7]

2] Output2

E%l %% } Inputs 2
9 | Enable 2
9]

8] ne.

(Dual, Top View)

Operational Operating
Amplifier Function Device Temperature Range Package
MC33206D SO-14
Dual
MC33206P Plastic DIP
Ta=—40 ° to +105°C
MC33207D SO-16
Quad
MC33207P Plastic DIP

MC33207

P SUFFIX

PLASTIC PACKAGE

CASE 648

D SUFFIX

PLASTIC PACKAGE

CASE 751B
(S0-16)

Output 1 E

E Enable 1,4

vee [4]

.

Output2 'Z

E Output 4
14]

Inputs 4
E p

12| Veg

1
Inputs 3
10 P

Enable 2,3 [8 |

9 | output3

(Quad, Top View)
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MAXIMUM RATINGS

MC33206 MC33207

Rating Symbol Value Unit
Supply Voltage (V¢ to VEE) Vs 13 \"
ESD Protection Voltage at any Pin VESD 2,000 \

Human Body Model
Voltage at any Device Pin Vpp Vg+0.5 \
Input Differential Voltage Range VIDR (Note 1) A
Common Mode Input Voltage Range (Note 2) vVem Vo +0.5to \'
VEE-0.5

Output Short Circuit Duration (Note 3) ts (Note 3) sec
Maximum Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —65 to +150 °C
Maximum Power Dissipation Pp (Note 3) mw

NOTES: 1. The differential input voltage of each amplifier is limited by two internal parallel back-to-back
diodes. For additional differential input voltage range, use current limiting resistors in series

with the input pins.

2. The common-mode input voltage range of each amplifier is limited by diodes connected from
the inputs to both power supply rails. Therefore, the voltage on either input must not exceed

either supply rail by more than 500 mV.

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

exceeded.
4. ESD data available upon request.

DC ELECTRICAL CHARACTERISTICS (Vo =5.0V, VEE =0V, VEnaple = 5.0 V, T = 25°C, unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Input Offset Voltage (VoM 0to0 0.5V, Vo 1.0t0 5.0 V) - Vio mV
MC33206: Ta =25°C - 0.5 8.0
Ta =—-40° to +105°C - 1.0 11
MC33207: Tp =25°C . - 0.5 10
TA =—40° to +105°C - 1.0 13
Input Offset Voltage Temperature Coefficient (Rg = 50 Q) - AV /AT - 2.0 - uv/eC
TA =—40° to +105°C
Input Bias Current (Vopm =010 0.5V, Vom = 1.0t0 5.0 V) - gl nA
Ta =25°C - 80 200
Ta =—40° to +105°C - 100 250
Input Offset Current (Vom =010 0.5V, VoM =1.0t0 5.0 V) - ol nA
Ta=25°C - 5.0 50
Ta =—40° to +105°C - 10 100
Common Mode Input Voltage Range - ViICR - Vcc +0.2 Vce \Y%
VEE VEE-0.2 -
Large Signal Voltage Gain (Vcc =5.0V, VEE =-5.0V) - AvoL kv/V
R =10kQ 50 300 -
R{ =600 Q 25 250 -
Output Voltage Swing (V|p = 0.2 V) - ‘ v
RL =10kQ VOH 485 4.95 -
RL = 10kQ VoL - 0.05 0.15
R =600 Q VOH 475 4.85 -
R =600 Q VoL - 0.15 0.25
Common Mode Rejection (Vi = 0 to 5.0 V) - CMR 60 90 - dB
Power Supply Rejection Ratio - PSRR - 25 500 uvv
VGC/VEE = 5.0 V/Gnd to 3.0 V/Gnd PSR 66 92 - dB
Output Short Circuit Current (Source and Sink) - Isc 50 80 - mA
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DC ELECTRICAL CHARACTERISTICS (continued) (Voc = 5.0 V, VEE = 0V, VEpable = 5.0 V, Ta = 25°C, unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Power Supply Current (Vo =2.5V, Tp = —40°to +105°C, - Ip
per Amplifier)
MC33206: VEpable = 5.0 Vdc - 0.8 1.125 mA
VEnable = Gnd (Standby) - 0.5 6.0 pA
MC33207: VEpaple = 5.0 Vdc - 1.5 225 mA
VEnable = Gnd (Standby) - 0.5 6.0 nA
Enable Input Voltage (per Amplifier) - VEnable \
Enabled — Amplifier “On” - VEE+1.8 -
Disabled — Amplifier “Off” (Standby) - VEg +0.3 -
Enable Input Current (Note 5) (per Amplifier) - IEnable A
VEnable =12V - 25 -
VEnable =5.0V - 22 -
VEnable =18V - 0.8 -
VEnable = Gnd - 0 -

NOTE: 5. External control circuitry must provide for an initial turn—off transient of <10 pA.

AC ELECTRICAL CHARACTERISTICS (VoG = 5.0 V, VEE =0 V, VEnable = 5.0 V, Ta = 25°C, unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit

Slew Rate (Vg =425V, Vo =-2.0t0 +2.0 V, - SR 0.5 1.0 - Vius

RL =2.0kQ, Ay = 1.0)

Gain Bandwidth Product (f = 100 kHz) - GBW - 2.2 - MHz

Phase Margin (R = 600 Q, C|_ =0 pF) - [U]V] - 65 - Deg

Gain Margin (R = 600 Q, C|_= 0 pF) - AMm - 12 - dB

Channel Separation (f = 1.0 Hz to 20 kHz, Ay = 100) - CSs - 90 - dB

Power Bandwidth (Vo = 4.0 Vpp, R =600 Q, THD < 1%) - BWp - 28 - kHz

Total Harmonic Distortion (R|_= 600 Q, Vo = 1.0 Vpp, Ay = 1.0) — THD %
f=1.0kHz - 0.002 -
f=10kHz - 0.008 -

Open Loop Output Impedance - | Z0 | - 100 - Q
(Vo =0V, f=2.0MHz, Ay =10)

Differential Input Resistance (Vcpm =0 V) - Rin - 200 - kQ

Differential Input Capacitance (Vgpm =0 V) - Cin - 8.0 - pF

Equivalent Input Noise Voltage (Rg = 100 Q) - en nVv/
f=10Hz - 25 - YHz
f=1.0kHz - 20 -

Equivalent Input Noise Current - in pA/
f=10Hz - 0.8 - VHz
f=1.0kHz - 0.2 -

Time Delay for Device to Turn On - ton - 10 - us

Time Delay for Device to Turn Off - toff - 2.0 - us
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Figure 1. Circuit Schematic
(Each Ampilifier)
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This device contains 96 active transistors (each ampilifier).
Figure 2. Maximum Power Dissipation
versus Temperature Figure 3. Input Offset Voltage Distribution
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Figure 4. Input Offset Voltage
Temperature Coefficient Distribution
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Figure 6. Input Bias Current

Figure 5. Input Bias Current
versus Temperature
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Figure 7. Open Loop Voltage Gain

versus Common Mode Voltage versus Temperature
150 s 300
100 /=
= — =
£ 50— g ~
g 0 I E 220
& -50 S
= o]
& -100 S 180
%—_150 & Voo =50V
& Vog=12V S 14()’_ VEE =Gnd
=200 VEE=Gnd _| - RL =600 Q
Ta =25°C [ AVp=05Vt045V
-250 | < qool—1L 1 |
0 2.0 4.0 6.0 8.0 10 12 -55 -40 -25 0 25 70 85 105 125
VoM, INPUT COMMON MODE VOLTAGE (V) Ta, AMBIENT TEMPERATURE (°C)
Figure 8. Output Voltage Swing Figure 9. Output Saturation Voltage
versus Supply Voltage versus Load Current
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Figure 10. Output Voltage
versus Frequency
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Figure 12. Power Supply Rejection
versus Frequency
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Figure 14. Output Short Circuit Current
= versus Temperature
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Figure 11. Common Mode Rejection
versus Frequency
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Figure 13. Output Short Circuit Current
versus Output Voltage
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versus Supply Voltage with No Load
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Figure 16. Slew Rate Figure 17. Gain Bandwidth Product
versus Temperature versus Temperature
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Figure 18. Voltage Gain and Phase Figure 19. Voltage Gain and Phase
versus Frequency versus Frequency
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Figure 20. Gain and Phase Margin Figure 21. Gain and Phase Margin
versus Temperature versus Differential Source Resistance
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Figure 22. Gain and Phase Margin Figure 23. Output Voltage
versus Capacitive Load versus Load Resistance
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Figure 24. Channel Separation Figure 25. Total Harmonic Distortion
versus Frequency versus Frequency
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Figure 26. Equivalent Input Noise Voltage
and Current versus Frequency
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GENERAL INFORMATION

The MC33206/7 family of operational amplifiers are
unique in their ability to swing rail-to—rail on both the input
and the output with a completely bipolar design. This offers
low noise, high output current capability and a wide common
mode input voltage range even with low supply voltages.
Operation is guaranteed over an extended temperature
range and at supply voltages of 2.0 V, 3.3 V and 5.0 V and
ground.

Since the common mode input voltage range extends from
Vcce to VEE, it can be operated with either single or split
voltage supplies. The MC33206/7 are guaranteed not to latch
or phase reverse over the entire common mode range,
however, the inputs should not be allowed to exceed
maximum ratings.

CIRCUIT INFORMATION

Rail-to-rail performance is achieved at the input of the
amplifiers by using parallel NPN-PNP differential input
stages. When the inputs are within 800 mV of the negative
rail, the PNP stage is on. When the inputs are more than
800 mV greater than VEE, the NPN stage is on. This
switching of input pairs will cause a reversal of input bias
currents (see Figure 6). Also, slight differences in offset
voltage may be noted between the NPN and PNP pairs.
Cross—coupling techniques have been used to keep this
change to a minimum.

In addition to its rail-to-rail performance, the output stage
is current boosted to provide 80 mA of output current,
enabling the op amp to drive 600 Q loads. Because of this
high output current capability, care should be taken not to
exceed the 150°C maximum junction temperature.

Enable Function

The MC33206/07 enable pins allow the user to externally
control the device. (Refer to the Pin Diagram on the first page
of this data sheet for enable pin connections.) If the enable
pins are pulled low (Gnd) each amplifier (MC33206) and
amplifier pair (MC33207) will be disabled. When the enable
pins are at a logic high (VEnaple = VEE = 1.8 V) the amplifiers
will turn “on”. Refer to the data sheet characteristics for the
required levels needed to change logical state.

The time to change states (from device “on” to “off” and
“off” to “on”) is defined as the time delay. The Circuit in
Figure 27 is usedto measureton andtoft. Typicalton andtoff
measurements are shown in Figures 28 and 29. When the
device is turned off (VEnaple = Gnd) an internal regulator is
shut off disabling the amplifier.

Figure 27. Test Circuit for ton and toff

20V O

VEnable O
ton  toff

Figure 28. toh Response

Vo (1.0 VIDIV), Vi, (2.0 V/DIV)

ton, TIME (2.0 us/DIV)

Figure 29. toff Response
e o

Vg (1.0VIDIV), Vi (2.0VIDIV)

MTB 2.008s -~ Z2D6dv chit

toff, TIME (2.0 us/DIV)

Low Voltage Operation

The MC33206/07 will operate at supply voltages down to
1.8 V and ground. Since this device is a rail-to—rail on both
the input and output, one can be assured of continued
operation in battery applications when battery voltages drop
to low voltage levels. This is called End of Discharge (see
Figure 30). Now, the user can select a minimum quantity of
batteries best suited for the particular design depending on
the type of battery chosen. This will minimize part count in
many designs.

Figure 30. Typical Battery Characteristics

Type Operating Voltage | End of Discharge
Alkaline 15V 0.9V
NiCd 1.2V 1.0V
NiMh 1.2V 1.0V
Silver Oxide 16V 1.3V
Lithium lon 36V 25V

Compensating for Output Capacitance

The combination of device output impedance and
increasing capacitive loading will cause phase delay
(reducing the phase margin) in any amplifier (Figure 22). If
the loading is excessive, the resulting response can be circuit
oscillation. In other words, an amplifier can become unstable
when the phase becomes greater than 180 degrees before
the open loop gain drops to unity gain. Figures 18 and 19
show this situation as frequency increases for a given load.
The MC33206/7 can typically drive up to 300 pF loads at
unity gain without oscillating.
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Figure 31. Capacitive Loads Compensation

Vin

There are several ways to compensate for this
phenomena. Adding series resistance to the output is one
way, but not an ideal solution. A dc voltage error will occur at
the output. A better design solution to compensate for higher
capacitive loads would be to use the circuit in Figure 31. This
design helps to counteract the loss of phase margin by taking
the high frequency output signal and feeding it back into the
amplifier inverting input. This technique helps to overcome
oscillation due to a highly capacitive load. Keep in mind that
compensation will have the affect of lowering the Gain
Bandwidth Product (GPW). The values of Cx and RO, are
determined experimentally. Typical Cx and C_ will be the
same value.

Figure 32. Noninverting Amplifier Slew Rate

V., OUTPUT VOLTAGE (2.0 mV/DIV)

t, TIME (5.0 ps/DIV)

RL

el
fa]

SPICE Model

If a SPICE Macromodel is desired for the MC33206/07,
the user can define the characteristics from the following
information. Obtain the SPICE Macromodel for the MC33204
Rail-to—Rail Operational Amplifier (device is the same as the
MC33207). For the Enable feature of the MC33207, simulate
it as a bipolar switch. The Macromodel does not include an
input capacitance between the inverting and noninverting
inputs. This capacitor is called Cj,. Add 3.0 to 5.0 pF if
stability analysis is required.

Figure 33. Small Signal Transient Response

V., OUTPUT VOLTAGE (50 mV/DIV)

t, TIME (10 us/DIV)

Figure 34. Large Signal Transient Response

Vec=6.0V
VEE=-6.0V
R =600 Q
CL =100 pF
Ay=1.0

V., OUTPUT VOLTAGE (2.0 V/DIV)

t, TIME (10 ps/DIV)
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Single Supply, High Slew Rate
Low Input Offset Voltage,
Bipolar Operational Amplifiers

The MC33272/74 series of monolithic operational amplifiers are quality
fabricated with innovative Bipolar design concepts. This dual and quad
operational amplifier series incorporates Bipolar inputs along with a patented
Zip—R-Trim element for input offset voltage reduction. The MC33272/74
series of operational amplifiers exhibits low input offset voltage and high gain
bandwidth product. Dual-doublet frequency compensation is used to
increase the slew rate while maintaining low input noise characteristics. Its
all NPN output stage exhibits no deadband crossover distortion, large output
voltage swing, and an excellent phase and gain margin. It also provides a
low open loop high frequency output impedance with symmetrical source
and sink AC frequency performance.

The MC33272/74 series is specified over —40° to +85°C and are available
in plastic DIP and SOIC surface mount packages.

® Input Offset Voltage Trimmed to 100 puV (Typ)
® [ow Input Bias Current: 300 nA

MC33272A
MC33274A

HIGH PERFORMANCE
OPERATIONAL
AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

DUAL
. %
1 1
P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751
(SO-8)

® Low Input Offset Current: 3.0 nA
® High Input Resistance: 16 MQ PIN CONNECTIONS
® Low Noise: 18 nV/ VHz @ 1.0 kHz Output 1 [1] 15 Voo
® High Gain Bandwidth Product: 24 MHz @ 100 kHz Inputs 1 { Output 2
® High Slew Rate: 10 V/us } Inputs 2
e Power Bandwidth: 160 kHz Vee
® Excellent Frequency Stability
® Unity Gain Stable: w/Capacitance Loads to 500 pF
® | arge Output Voltage Swing: +14.1 V/-14.6 V
® Low Total Harmonic Distortion: 0.003% QUAD
® Power Supply Drain Current: 2.15 mA per Amplifier
® Single or Split Supply Operation: +3.0 Vto +36 Vor+1.5Vto 18 V 14 14@
® ESD Diodes Provide Added Protection to the Inputs 1 !
P SUFFIX D SUFFIX
ORDERING INFORMATION A A KAGE P RAGE
Op Amp Operating (80-14)
Function Device Temperature Range Package PIN CONNECTIONS
Dual MC33272AD SO-8 Y
MC33272AP ) ) Plastic DIP Output 1 [1] | Output4
Quad MC33274AD TA=40710+85°C SO-14 Inputs 1 {Et[>—l |—<LE } Inputs 4
. BT N
MC33274AP Plastic DIP
vee ] Veg
] il
Inputs 2 {Ej>~| l—:<1izl } Inputs 3
Output 2 [7] 18] Output 3
(Top View)
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vce to VEE +36 \
Input Differential Voltage Range VIDR (Note 1) \%
Input Voltage Range VIR (Note 1) \
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Maximum Junction Temperature Ty +150 °C
Storage Temperature Tstg —60 to +150 °C
Maximum Power Dissipation Pp (Note 2) mwW

NOTES: 1. Either or both input voltages should not exceed Vi or VEE

2. Power dissipation must be considered to ensure maximum junction temperature

(Ty) is not exceeded (see Figure 2).

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

Characteristics

Figure

Symbol

Min

Typ

Max

Unit

Input Offset Voltage (Rg =10 Q, Vo =0V, Vo ov)
(Vcc=+15V, VEg =-15V)
TA=+25°C
Tp =-40° to +85°C
(VCC =5.0 V, VEE = 0)
TA=+25°C

3

Vol

1.0
1.8

2.0

mv

Average Temperature Coefficient of Input Offset Voltage
Rg=10Q,Vcm=0V,Vo =0V, Tp =-40° to +85°C

AV|O/AT

LV/°C

Input Bias Current VoM =0V, Vo =0V)
Ta =+25°C
Ta =—40°to +85°C

4,5

B

650
800

nA

Input Offset Current (Vcpm =0V, Vo =0V)
Ta =+25°C
Ta =-40°to +85°C

ho!

65
80

nA

Common Mode Input Voltage Range (AV|p =5.0 mV, Vo =0V)
TA = +25°C

VicR

VEE

to (Voc -1.8)

Large Signal Voltage Gain (Vo =0V to 10V, R = 2.0 kQ)
Ta = +25°C
Ta =-40° to +85°C

AvoL

90
86

100

dB

Output Voltage Swing (V|p = £1.0 V)

(Vcc=+15V,VEg =-15V)

RL =2.0kQ

R =2.0kQ

Ry =10 kQ

RL =10 kQ
(Vcc=5.0V,VEE=0V)

RL=2.0kQ

RL=2.0kQ

8,9,12

10, 11

Vo+
Vo-
Vo+
Vo-

VoL
VoH

13.4

13.4

3.7

13.9
-13.9

-14.7

-13.5

=141

0.2
5.0

Common Mode Rejection (Vin =+13.2Vto-15V)

13

CMR

80

100

dB

Power Supply Rejection
VeC/VEg =+15V/ =15V, +5.0 V/ =15V, +15 V/ 5.0 V

14,15

PSR

80

105

dB

Output Short Circuit Current (Vip = 1.0 V, Output to Ground)
Source
Sink

16

Isc

+25
-25

+37
-37

mA

Power Supply Current Per Amplifier (Vg = 0 V)
(Vcc=+15V,VEE=-15V)
TA =+25°C
Ta =—40° to +85°C
(Vcc=5.0V,VEE=0V)
Ta =+25°C

17

lcc

2.15

275
3.0

275

mA
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AC ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEE =—15 V, T = 25°C, unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit

Slew Rate 18,33 SR 8.0 10 —_ V/us

(Vin=-10Vto +10V, R =2.0kQ, C|_= 100 pF, Ay = +1.0 V)
Gain Bandwidth Product (f = 100 kHz) 19 GBW 17 24 — MHz
AC Voltage Gain (R =2.0kQ, Vo =0V, f =20 kHz) 20, 21,22 Avo —_ 65 — dB
Unity Gain Frequency (Open Loop) fu — 55 — MHz
Gain Margin (R_= 2.0 kQ, C|_= 0 pF) 23, 24,26 Am — 12 — dB
Phase Margin (R = 2.0 kQ, C|_= 0 pF) 23, 25, 26 om — 55 — Degrees
Channel Separation (f = 20 Hz to 20 kHz) 27 cs —_ -120 —_ dB
Power Bandwidth (Vo = 20 Vpp, R =2.0kQ, THD < 1.0%) BWp — 160 — kHz
Total Harmonic Distortion 28 THD —_ 0.003 —_ %

(RL=2.0kQ, f = 20 Hz to 20 kHz, VO = 3.0 Vms, Ay =+1.0)
Open Loop Output Impedance (Vo =0V, f = 6.0 MHz) 29 [V4e) — 35 — Q
Differential Input Resistance (Vcpm =0 V) RN — 16 — MQ
Differential Input Capacitance (Vg =0 V) CIN — 3.0 — pF
Equivalent Input Noise Voltage (Rg = 100 , f = 1.0 kHz) 30 en —_ 18 —_ nV/vVHz
Equivalent Input Noise Current (f = 1.0 kHz) 31 in — 0.5 — pA/NHz

Figure 1. Equivalent Circuit Schematic
(Each Amplifier)

R ¢
Yy
L2 N
N A
A i
Vi O¢ 1 B*
- j }j ' T
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£
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Figure 2. Maximum Power Dissipation Figure 3. Input Offset Voltage versus
s versus Temperature: Temperature for Typical Units
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Figure 4. Input Bias Current versus Figure 5. Input Bias Current
Common Mode Voltage versus Temperature
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Figure 8. Split Supply Output Voltage Swing

Figure 9. Split Supply Output Saturation

versus Supply Voltage Voltage versus Load Current
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Figure 14. Positive Power Supply Rejection
versus Frequency
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Figure 20. Voltage Gain and Phase Figure 21. Gain and Phase
versus Frequency versus Frequency
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Figure 26. Phase Margin and Gain Margin Figure 27. Channel Separation
versus Differential Source Resistance versus Frequency
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Figure 32. Percent Overshoot versus
Load Capacitance
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Figure 33. Noninverting Amplifier Slew Rate Figure 34. Noninverting Amplifier Overshoot
for the MC33274 for the MC33274
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Figure 35. Small Signal Transient Response Figure 36. Large Signal Transient Response
for MC33274 for MC33274
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Low Input Offset, High Siew
Rate, Wide Bandwidth, JFET
Input Operational Amplifiers

The MC33282/284 series of high performance operational amplifiers are
quality fabricated with innovative bipolar and JFET design concepts. This
dual and quad amplifier series incorporates JFET inputs along with a
patented Zip~R~Trim® element for input offset voltage reduction. These
devices exhibit low input offset ‘'voltage, low input bias current, high gain
bandwidth and high slew rate. Dual—-doublet frequency compensation is
incorporated to produce high quality phase/gain performance. In addition,
the MC33282/284 series exhibit low input noise characteristics for JFET
input amplifiers. Its all NPN output stage exhibits no deadband crossover
distortion and a large output voltage swing. They also provide a low open
loop high frequency output impedance with symmetrical source and sink AC
frequency performance.

The MC33282/284 series are specified over —40° to +85°C and are
available in plastic DIP and SOIC surface mount packages.

Low Input Offset Voltage: Trimmed to 200 pVv

Low Input Bias Current: 30 pA

Low Input Offset Current: 6.0 pA

High Input Resistance: 1012 Q

Low Noise: 18 nV Y Hz ‘@ 1.0 kHz

High Gain Bandwidth Products: 35 MHz @ 100 kHz
High Slew Rate: 15 V/us ‘

Power Bandwidth: 175 kHz -

Unity Gain Stable: w/Capacitance Loads to 300 pF
Large Output Voltage Swing: +14.1 V/-14.6 V

Low Total Harmonic Distortion: 0.003%

Power Supply Drain Current: 2.15 mA per Amplifier
Dual Supply Operation: +2.5 V to +18 V (Max)

® © © o 6 o o o o o o o o

OhDERING INFORMATION

Op Amp Operating
Function Device Temperature Range Package
MC33282D SOP-8
Dual
MC33282P Plastic DIP
TA =—40° to +85°C
MC33284D SO-14
Quad -
MC33284P Plastic DIP

Zip—R-Trim is a registered trademark of Motorola Inc.

MC33282
MC33284

HIGH PERFORMANCE
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

DUAL

&

8 1
1

D SUFFIX
P SUFFIX PLASTIC PACKAGE
PLASTIC PACKAGE CASE 751
CASE 626 (80-8)
PIN CONNECTIONS

U

Output 1 [ 1

l 2]
Inputs 1

; B
i Al

E Vee

Z[ Output 2

Inputs 2 )

(Top View)
QUAD
W 14@
1
'4 D SUFFIX
! PLASTIC PACKAGE
CASE 751A
P SUFFIX
PLASTIC PACKAGE (80-14)
CASE 646
PIN CONNECTIONS
U/
Output1 [1 [14] Output 4
il
Inputs 1 Inputs 4
nputs E E
vee [4] 1] Vee
(5] -[io0]
Inputs 2 Inputs 3
(6] all
Output 2 IZ E Output 3

(Top View)
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (VoG to VEE) Vs +36 Y
Input Differential Voltage Range VIDR (Note 1) \
Input Voltage Range VIR (Note 1) \
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Maximum Junction Temperature Ty +150 °C
Storage Temperature Tstg - 60 to +150 °C
Maximum Power Dissipation Pp (Note 2) mw

NOTES: 1. Either or both input voltages should not exceed V¢ or VEE.
2. Power dissipation must be considered to ensure maximum junction temperature
(Ty) is not exceeded (see Figure 2).

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

Characteristics Symbol Figure Min Typ Max Unit
Input Offset Voltage (Rg =10Q, Vcm =0V, Vo =0V) Vio! 3 mV

Ta =+25°C — 0.2 2.0

Ta =—40° to +85°C — — 4.0
Average Temperature Coefficient of Input Offset Voltage IAV|Ql/AT 3 uv/°Cc

Rg=10Q,Vecm=0V,Vo =0V, Ta = Tiow t0 Thigh —_ 15 -

Input Bias Current (Vopm =0V, Vo =0V) B 4,5

TA =+25°C —200 30 200 pA

TA =—~40° to +85°C -2.0 — 2.0 nA
Input Offset Current (Vom =0V, Vo =0V) llo

Tp = +25°C -100 6.0 100 pA

Ta =—40°to +85°C -1.0 — 1.0 nA
Common Mode Input Voltage Range VICR 6 -1 -12 — \

(AVIp=5.0mV, Vo =0V) — +14 +11
Large Signal Voltage Gain (Vg =+£10 V, R = 2.0 kQ) AvoL 7 V/imV

Ta = +25°C 50 200 —

Ta =-40° to +85°C 25 — —

Output Voltage Swing (V|p =+1.0 V) 8,9,10 \

R =2.0kQ Vo+ 13.2 +13.7 —

RL =2.0kQ Vo- — -139 | -13.2

RL =10 kQ Vo+ 13.7 +14.1 -

RL =10 kQ Vo- — -14.6 -14.3
Common Mode Rejection (Vj, = 11 V) CMR 1 70 90 — dB
Power Supply Rejection PSR 12 dB

VCC/VEE = +15 V/I~15 V, +6.0 V/-15 V, +15 V/-5.0 V 75 100 —

Output Short Circuit Current (Vip = 1.0 V, output to ground) Isc 13,14 mA

Source 15 +21 —

Sink — -27 -15
Power Supply Current (Vo = 0V, per amplifier) Ip 15 mA

Ta =+25°C — 2.15 2.75

Ta =—40° to +85°C — — 3.0
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AC ELECTRICAL CHARACTERISTICS (Vgc = +15 V, VEg =-15 V, Tp = 25°C, unless otherwise noted.)

Characteristics Symbol Figure Min Typ Unit
Slew Rate (Vin =-10 Vto +10 V, R = 2.0 kQ, C|_= 100 pF, Ay = +1.0) SR 16,28,29 | 8.0 15 Vius
Gain Bandwidth Product (f = 100 kHz) GBW 17 20 35 MHz
AC Voltage Gain (R =2.0 kQ, Vo =0V, f = 20 kHz) Avo 18, 21 — 1750 VIV
Unity Gain Frequency (Open Loop) fu — 5.5 MHz
Gain Margin (R_= 2.0 kQ, Cy_= 0 pF) Am 19,20 — 15 dB
Phase Margin (R = 2.0 kQ, C_= 0 pF) om 19, 20 — 40 Degrees
Channel Separation (f = 20 Hz to 20 kHz) Cs 22 — -120 dB
Power Bandwidth (Vg =20 Vpp, R = 2.0 kQ, THD < 1.0%) BWp — 175 kHz
Distortion (R = 2.0 kQ, f = 20 Hz to 20 kHz, VO = 3.0 Vymg, Ay = +1.0) THD 23 — 0.003 %
Open Loop Output Impedance (Vo =0V, f = 9.0 MHz) 1Zol 24 — 37 Q
Differential Input Resistance (VoM = 0 V) Rin — 1012 Q
Differential Input Capacitance (Vgm = 0 V) Cin — 5.0 pF
Equivalent Input Noise Voltage (Rg = 100 Q, f = 1.0 kHz) en 25 — 18 nV/~Hz
Equivalent Input Noise Current (f = 1.0 kHz) in - 0.01 pA/VHz

Figure 1. Equivalent Circuit Schematic
(Each Ampilifier)
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Figure 2. Maximum Power Dissipation Figure 3. Input Offset Voltage versus
§E‘ versus Temperature Temperature for Typical Units
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Figure 8. Output Voltage Swing

versus Supply Voltage
40
36 |l
£ Ta=25°C VA
w28 VA
g o« A
° R_=10k
c 2 i
z 16 A R =20k
5 prd
S 12 e
L 80 ,/
40 ,/
0
0 20 40 60 80 10 12 14 16 18 20
VGG, VEE SUPPLY VOLTAGE (V)
Figure 10. Output Saturation Voltage
versus Load Current
s Vee — N
w T T %& Ta=-55°C |
1G] T T -
& Voc 40V veg=+15V NS
Q — Ry to Gnd - N
Z Voe8.0V [~ VEg=-15V __|  Ta=125°C N
£ Tp=+25°C
o I 1
g Yoo A -
b N A ——— =
e
2 VEE+4.0V Ta=125°C /
5 >
O VEg+2.0V
5 _
= Vee TA=-55°C Tp = +25°C
20 40 60 80 10 12 14 16 18
L, LOAD CURRENT (mA)
Figure 12. Positive Power Supply
Rejection versus Frequency
g “CTTTIm
=z
o 100 PSR+
S
L
re ! TN PSR-
2
o N
8 N \N\
o
w
3 Veec=+15V N
a VEg=-15V ™
& 21 psg-aoo AVS’ADM m -?X 9%5131 sV
- ] AVee N
o LLLL
10 100 1.0k 10k 100 k 1.0M

f, FREQUENCY (Hz)

CMR, COMMON MODE REJECTION (dB) Vo, OUTPUT VOLTAGE (Vpp)

ligg), OUTPUT SHORT CIRCUIT CURRENT (mA)

Figure 9. Output Voltage
versus Frequency

30
27
\
2% \\
21
18
15~ veg=+15V
12| Vgg=-15V \
RL=20kQ
901 ay=+0
6.0 THD=<1.0%
Tp=25°C \
3.0
ol [ 111
1.0k 10k 100k 1.0M
f, FREQUENCY (Hz)
Figure 11. Common Mode Rejection
versus Frequency
120 TTTTT T TTTTT
Veo=+15V
VEg=-15V
100 Vem=0V
et AVCM =415V
80 !
60 |— L IS
AVom Vo
40 |— -+ N
AVem h\
20 _CMR:ZOLOQ( o xApM ).-
oL L LLUME Crrm {11
10 100 1.0k 10k 100k 1.0M
f, FREQUENCY (Hz)
Figure 13. Output Short Circuit Source
Current versus Temperature
5 Vip=11.0V
45 RL<100Q
40
35
30 ———— V¢e, VEE=#15
25 e ——
20 i
15 T~
10— Vec, VEg=#25V
5.0
0
-55 25 0 25 50 75 100 125

Ta, AMBIENT TEMPERATURE (°C)

2-250

MOTOROLA ANALOG IC DEVICE DATA



MC33282 MC33284

Figure 14. Output Short Circuit Sink
Current versus Temperature

Figure 15. Power Supply Current
versus Supply Voltage
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Figure 20. Open Loop Gain and Phase
Margin versus Output Load Capacitance
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Figure 21. Gain and Phase
versus Frequency
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PERCENT OVERSHOOT (%)

Figure 26. Percent Overshoot versus Figure 27. Noninverting
Load Capacitance Amplifier Overshoot
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@ MOTOROLA

- -
Low Volitage Rail-To-Rail
™ -
Sleep-Mode ™ Operational
- -

Amplifier

The MC33304 is a monolithic bipolar operational amplifier. This low
voltage rail-to—rail amplifier has both a rail-to—rail input and output stage,
with high output current capability. This amplifier also employs Sleep—Mode
technology. In sleepmode, the micropower amplifier is active and waiting for
an input signal. When a signal is applied, causing the amplifier to source or
sink 2200 pA (typically) to the load, it will automatically switch to the
awakemode (supplying up to 70 mA to the load). When the output current
drops below 90 pA, the amplifier automatically returns to the sleepmode.

Excellent performance can be achieved as an audio amplifier. This is due
to the amplifier’s low noise and low distortion. A delay circuit is incorporated
to prevent crossover distortion.
® |deal for Battery Applications
® Full Output Signal (No Distortion) for Battery Applications Down

to £0.9 VDC.
® Single Supply Operation (+1.8 to +12 V)
® Rail-To—Rail Performance on Both the Input and Output
® OQutput Voltages Swings Typically within 100 mV of Both Rails

(RL=1.0mQ)
® Two States: “Sleepmode” (Micropower, Ip = 110 uA/Amp) and

“Awakemode” (High Performance, Ip = 1200 uA/Amp)
® Automatic Return to Sleepmode when Output Current Drops Below
Threshold, Allowing a Fully Functional Micropower Amplifier
Independent Sleepmode Function for Each Amplifier
No Phase Reversal on the Output for Overdriven Input Signals
High Output Current (70 mA typically)
600 Q Drive Capability
Standard Pinouts; No Additional Pins or Components Required
Drop—In Replacement for Many Other Quad Operational Amplifiers
Similar to MC33201, MC33202 and MC33204 Family
The MC33304 Ampilifier is Offered in the Plastic DIP or SOIC Package
(P and D Suffixes)

® © 6 o o o o o

TYPICAL DC ELECTRICAL CHARACTERISTICS (Ta = 25°C)

MC33304

RAIL-TO-RAIL SLEEP-MODE
OPERATIONAL AMPLIFIER

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 646

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

R

1

PIN CONNECTIONS

Output 1 E e E Output 4
Inputs 1 Ej>j E Inputs 4
2] 2]

E VEE
£] ]

Inputs 2 { Ej}’ ,<]J:E| Inputs 3
Output 2 E E Output 3

(Quad, Top View)

vee E

ORDERING INFORMATION

Characteristic Vec=20V | Vgc=33V | Vge=50V Unit
Input Offset Voltage mvV
VIO(max)
MC33304 +10 +10 +10
Output Voltage Swing
VoH (RL = 600 Q) 1.85 3.10 4.75 Vmin
VoL (RL =600 Q) 0.15 0.15 0.15 Vmax
Power Supply Current
per Amplifier (Ip)
Awakemode 1.625 1.625 1.625 mA
Sleepmode 140 140 140 HA

Specifications are for reference only and not necessarily guaranteed. Vgg = Gnd.

Operating
Device | Temperature Range Package
MC33304D SO-14
MCaasoap | 1A= 4010 +105°C M0 i DI

2-254

MOTOROLA ANALOG IC DEVICE DATA




MC33304

MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage (Vcc to VEE) Vg +16 \
ESD Protection Voltage at Any Pin VESD \
Human Body Model 2000
Voltage at Any Device Pin (Note 2) Vpp Vg+0.5 \
Input Differential Voltage Range VIDR (Notes 1 & 2) \
Output Short Circuit Duration ts Indefinite sec
(Note 3)
Maximum Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —65 to +150 °C
Maximum Power Dissipation Pp (Note 5) mwW
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Typ Max Unit
Supply Voltage Vg \
Single Supply 1.8 - 12
Split Supplies +0.9 - 6.0
Input Voltage Range, Sleepmode and Awakemode VICR VEE - \ole) \
Ambient Operating Temperature Range TA -40 - +105 °C

DC ELECTRICAL CHARACTERISTICS (Vo =+5.0V, VEE = Gnd, Tp = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Vopm = 0V, Vo = 0 V) (Note 4) Vio mV
Sleepmode and Awakemode
Tp=25°C -10 0.7 +10
TA =—-40°to +105°C -13 - +13
Average Temperature Coefficient of Input Offset Voltage AV)O/AT uv/eCc
(Rg=50Q,Vcm=0V,Vo=0V)
Ta =—40° to +105°C, Sleepmode and Awakemode - 2.0 -
Input Bias Current (Vopm = 0 V, Vo = 0 V) (Note 4) gl nA
Awakemode
Ta =25°C - 90 +200
TA =-40° to +105°C - - +500
Input Offset Current (Vop =0V, Vo = 0 V) (Note 4) ol nA
Awakemode
TAa =25°C - 3.1 +50
Ta =-40° to +105°C - - +100
Large Signal Voltage Gain (Vo = +5.0 V, VEg = 5.0 V) AvoL dB
Awakemode, R|_= 600 Q
Ta=25°C 90 116 -
TA =—40° to +105°C 85 - -
Power Supply Rejection Ratio, Awakemode PSRR 65 90 - dB
Output Short Circuit Current (Awakemode) Isc mA
(Vip=10.2V)
Source -200 -89 -50
Sink +50 +89 +200
Output Transition Current, Source/Sink uA
Sleepmode to Awakemode, Voc =+1.0V, VEE=-1.0V ITH1! - - 200
Awakemode to Sleepmode, Vo =+5.0 V, VEg 5.0 V llTH2! 90 - -
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DC ELECTRICAL CHARACTERISTICS (continued) (Vo = +5.0 V, VEE = Gnd, TA = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage Swing (Vip =10.2 V) )
Sleepmode
Vee=+5.0V, VEE =0V, R = 1.0 MQ VOH 4.90 4.97 -
Veec=0V,VEg=-5.0V, R =1.0 MQ VoL - —4.96 -4.90
Vecec=+2.0V,VEE=0V, R =1.0 MQ VOH 1.90 1.98 -
Vec=0V,VEg=-2.0V,R.=1.0MQ VoL - -1.97 -1.90
Awakemode
Vee=+5.0V, VEE=0V, R =600 Q VOH 4.75 4.86 -
Vcc=0V,VEE=-5.0V, R_=600Q VoL - -4.85 —4.75
Vec=+2.0V,VEgE =0V, R_=600Q VOH 1.85 1.91 -
Voo =0V, VEE =—2.0V, R =600 Q VoL - -1.90 -1.85
Vcc=+2.5V, VEE =-2.5V, R =600 Q VOH - 2.41 -
Vec =+25V, VEE =-2.5V, R =600 Q VoL - -2.40 -
Common Mode Rejection Ratio CMRR 60 90 - dB
Power Supply Current (per Amplifier) Ip nA
Sleepmode
Vecc=+2.0V,VEE=0V TA =+25°C - 85 -
Vec=+25V,VEE=-25V Ta=+25°C - 110 140
Ta =—40° to +105°C ' - - 150
Vec=+12V,VEg =0V Ta = +25°C - 125 -
Awakemode
Vec=+25V,VEE=-25V Tp=+25°C - 1200 1625
T =—40° to +105°C - - 1750
Thermal Resistance 6JA °C/W
SOIC - 145 -
Plastic DIP - 75 -

AC ELECTRICAL CHARACTERISTICS (Vgg =+6.0V, VEE =-6.0V, R|_= 600 Q, T = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Slew Rate (Ve = +2.5 V, VEE = 2.5V, Ay = +1.0) (Note 6) SR V/us
Awakemode 0.5 0.89 -
Gain Bandwidth Product (f = 100 kHz) GBW MHz
Awakemode - 2.2 -
Gain Margin (C|_ = 0 pF) Am dB
Awakemode - 6.0 -
Sleepmode (R = 1.0 kQ) - 9.0 -
Phase Margin (R =1.0kQ, Vo =0V, C|_=0pF) Om Deg
Awakemode . - 40 -
Sleepmode - 60 -
Sleepmode to Awakemode Transition Time trq usec
R{ =600 Q - 4.0 -
R =10k - 12 -
Awakemode to Sleepmode Transition Time tro - 1.5 - sec
Channel Separation (f = 1.0 kHz) CS dB
Awakemode - 100 -

NOTES: 1. The differential input voltage of each amplifier is limited by two internal diodes. The diodes are connected across the inputs in parallel and opposite to
each other. For more differential input voltage range, use current limiting resistors in series with the input pins.

2. The common-mode input volitage range of each amplifier is limited by diodes connected from the inputs to both power supply rails. Therefore, the
voltage on either input must not exceed supply rail by more than +500 mV.

3. Simultaneous short circuits of two or more amplifiers to the positive or negative rail can exceed the power dissipation ratings and cause eventual
failure of the device.

4. Rail-to—rail performance is achieved at the input of the amplifier by using parallel NPN-PNP differential stages. When the inputs are near the
negative rail (VEg < VoM < 800 mV), the PNP stage is on. When the inputs are above 800 mV (i.e. 800 mV < Vopm < V), the NPN stage is on.
This switching of the input pairs will cause a reversal of input bias current. Slight changes in the input offset voltage will be noted between the NPN
and PNP pairs. Cross-coupling technigues have been used to keep this change to a minimum.

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

6. When connected as a voltage follower and used in transient conditions, a current limiting resistor may be needed between the output and the
inverting input. This is because of the back to back diodes clamped across the inputs. The value of this resistor should be between 1.0 kQ and
10 kQ. If the amplifier does not become slew rate limited and is processing low frequency waveforms, then no resistor would be necessary.

(The output could be tied directly to the negative input.)
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AC ELECTRICAL CHARACTERISTICS (continued) (Vcc = +6.0 V, VEE =-6.0 V, R = 600 Q, T = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Power Bandwidth (VO = 4.0 Vpp, R| = 2.0 kQ, THD < 1.0%) BWp kHz
Awakemode - 28 -
Distortion (Vg = 2.0 Vpp, Ay = +1.0) THD %
Awakemode (f = 10 kHz) - 0.009 -
Sleepmode (f = 1.0 kHz, R|_ = Infinite) - 0.007 -
Open Loop Output Impedance 1Zol Q
(Vo =0V, f=2.0MHz, Ay =+10, Iq = 10 uA)
Awakemode - 100 -
Sleepmode - 1000 -
Differential Input impedance (Vcpm =0 V) RIN kQ
Awakemode - 200 -
Sleepmode - 1300 -
Differential Input Capacitance (Vgpm =0 V) CIN pF
Awakemode - 8.0 -
Sleepmode - 0.4 -
Equivalent Input Noise Voltage (Rg = 100 Q, f = 1.0 kHz) en v} ‘/E
Awakemode - 15 -
Sleepmode - 60 -
Equivalent Input Noise Current (f = 1.0 kHz) in PA/ J/Hz
Awakemode - 0.22 -
Sleepmode - 0.20 -

NOTES: 1. The differential input voltage of each amplifier is limited by two internal diodes. The diodes are connected across the inputs in parallel and opposite to

each other. For more differential input voltage range, use current limiting resistors in series with the input pins.

2. The common-mode input voltage range of each amplifier is limited by diodes connected from the inputs to both power supply rails. Therefore, the

voltage on either input must not exceed supply rail by more than +500 mV.

3. Simultaneous short circuits of two or more amplifiers to the positive or negative rail can exceed the power dissipation ratings and cause eventual

failure of the device.

4. Rail-to—rail performance is achieved at the input of the amplifier by using parallel NPN-PNP differential stages. When the inputs are near the
negative rail (VEg < Vg < 800 mV), the PNP stage is on. When the inputs are above 800 mV (i.e. 800 mV < Vg < V), the NPN stage is on.
This switching of the input pairs will cause a reversal of input bias current. Slight changes in the input offset voltage will be noted between the NPN

and PNP pairs. Cross—coupling techniques have been used to keep this change to a minimum.
5. Power dissipation must be considered to ensure maximum junction (T j) is not exceeded. (See Figure 2)

6. When connected as a voltage follower and used in transient conditions, a current limiting resistor may be needed between the output and the
inverting input. This is because of the back to back diodes clamped across the inputs. The value of this resistor should be between 1.0 kQ and

10 kQ. If the amplifier does not become slew rate limited and is processing low frequency waveforms, then no resistor would be necessary.

(The output could be tied directly to the negative input.)
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Figure 1. Equivalent Circuit Block Diagram (Each Ampilifier)
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There are 515 active components for the entire quad device.

MOTOROLA ANALOG IC DEVICE DATA



MC33304
DEVICE DESCRIPTION

The MC33304 will begin to function at power supply
voltages as low as Vg = £0.8 V. The device has the ability to
swing rail-to—rail on both the input and the output. Since the
common mode input voltage range extends from Vg to VEE,
it can be operated with either single or split voltage supplies.
The MC33304 is guaranteed not to latch up or phase reverse
over the entire common mode range. However, the output
could go into phase reversal state if input voltage is set higher
than +Vgc or -VEE.

When power is initially applied, the part may start to
operate in the awakemode. This occurs because of bias
currents being generated from the charging of the internal
capacitors. When this occurs, the user will have to wait
approximately 1.5 seconds before the device will switch back
to the sleepmode.

The amplifier is designed to switch from sleepmode to
awakemode whenever the output current exceeds a preset
current threshold (ITH) of approximately 200 pA. As a result,
the output switching threshold voltage (VST) is controlled by
the output loading resistance (RL). Large valued load
resistors require a large output voltage to switch, but reduce
unwanted transitions to the awakemode.

Most of the transition time is consumed slewing in the
sleepmode until VST is reached, therefore, small values of R|_
allow rapid transition to the awakemode. The output
switching threshold voltage (VsT) is higher for the larger
values of Ry, requiring the amplifier to slew longer in the
slower sleepmode state before switching to the awakemode.

Although typically 200 pA, ITH varies with supply voltage,
temperature and the load resistance. Generally, any current
loading on the ouput which causes a current greater than ITH

to flow will switch the amplifier into the awakemode. This
includes transition currents like those generated by charging
load capacitances. In fact, the maximum capacitance that
can be driven while attempting to remain in the sleepmode is
approximately 300 pF.

The awakemode to sleepmode transition time is controlled
by an internal delay circuit, which is necessary to prevent the
amplifier from going to sleep during every zero crossing of
the output waveform. This delay circuit also eliminates the
crossover distortion commonly found in micropower
amplifiers.

The MC33304 rail-to—rail sleepmode operational amplifier
is unique in its ability to swing rail-to—rail on both the input
and output using a bipolar design. This offers a low noise and
wide common mode input voltage range. Since the common
mode input voltage range extends from Vo to VEE, it can be
operated with either single or split voltage supplies.

Rail-to—rail performance is achieved at the input of the
amplifiers by using parallel NPN-PNP differential input
stages. When the inputs are within 800 mV of the negative
rail, the PNP stage is on. When the inputs are more than
800 mV above VEE, the NPN stage is on. This switching of
input pairs will cause a reversal of input bias currents. Also,
slight differences in offset voltage may be noted between the
NPN and PNP pairs. Cross—coupling techniques have been
used to keep this change to a minimum.

In addition to the rail-to—rail performance, the output stage
is current boosted to provide enough output current to drive
600 Q loads. Because of this high current capability, care
should be taken not to exceed the 150°C maximum junction
temperature specification.
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Figure 2. Maximum Power Dissipation

Figure 3. Input Bias Current versus Temperature
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MC33304

Figure 8. Maximum Peak-to~Peak Output
Voltage Swing versus Load Resistance
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Figure 14. Output Short Circuit Current
versus Temperature

Figure 15. Supply Current versus
Supply Voltage with Load
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|
|

Figure 20. Phase Margin versus Figure 21. Gain Margin versus
Differential Source Resistance Output Load Capacitance
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Figure 22. Phase Margin versus Figure 23. Channel Separation
Output Load Capacitance versus Frequency
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Figure 24. Total Harmonic Distortion Figure 25. Input Referred Noise Voltage
versus Frequency 7 versus Frequency
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Figure 27. Percent Overshoot

Figure 26. Current Noise versus Frequency versus Load Capacitance
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JFET Input Operational
Amplifiers

These low cost JFET input operational amplifiers combine two
state—of-the—art analog 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 BIFET
technology provides wide bandwidths and fast slew rates with low input bias
currents, input offset currents, and supply currents.

The Motorola BIFET family offers single, dual and quad operational
amplifiers which are pin—compatible with the industry standard MC1741,
MC1458, and the MC3403/LM324 bipolar devices. The MC34001/
34002/34004 series are specified from 0° to +70°C.

® Input Offset Voltage Options of 5.0 mV and 10 mV Maximum

Low Input Bias Current: 40 pA

Low Input Offset Current: 10 pA

Wide Gain Bandwidth: 4.0 MHz

High Slew Rate: 13 V/us

Low Supply Current: 1.4 mA per Amplifier

High Input Impedance: 1012 Q

High Common Mode and Supply Voltage Rejection Ratios: 100 dB
Industry Standard Pinouts

ORDERING INFORMATION

MC34001, B
MC34002, B
MC34004, B

JFET INPUT
OPERATIONAL AMPLIFIERS

: &

1
1

P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751

(SO-8)

PIN CONNECTIONS

Offset Null
Inv. Input
Noninv. Input

MC34002 (Top View)

Op Amp Operating
Function Device Temperature Range Package
MC34001BD, D SO-8
Single Ta = 0° to+ 70°C
MC34001BP, P Plastic DIP
MC34002BD, D SO-8
Dual TA =0°1t0 +70°C
MC34002BP, P Plastic DIP
Quad MC34004BP, P Ta = 0°to +70°C Plastic DIP

P SUFFIX
PLASTIC PACKAGE
14 CASE 646

PIN CONNECTIONS
W/

Output 1 [T} 114] Output 4
Input 1{E‘J>J |—<LE }
nputs Gl . < ] Inputs 4
Voo [4] 1] Vg

E] i)
Inputs2{@j>2-l |_3<KEI } Inputs 3
Output 2 [7 E_] Output 3

MC34004 (Top View)

MOTOROLA ANALOG IC DEVICE DATA

2-265




MC34001, B MC34002, B MC34004, B

MAXIMUM RATINGS

Rating Symbol Value Unit

Supply Voltage ‘ Vee, VEE +18 \
Differential Input Voltage (Note 1) ViD +30 Vv
Input Voltage Range VIDR +16 \
Open Short Circuit Duration tsc Continuous

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

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

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

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10 k) Vio mV
MC3400XB — 3.0 5.0
MC3400X — 5.0 10
Average Temperature Coefficient of Input Offset Voitage AV|o/AT — 10 — uv/eCc
Rg 10k, Ta = Tiow to Thigh (Note 2)
Input Offset Current (Vo = 0) (Note 3) llo pA
MC3400XB — 25 100
MC3400X — 25 100
Input Bias Current (Vgpm = 0) (Note 3) B pA
MC3400XB — 50 200
MC3400X — 50 200
Input Resistance i — 1012 —
Common Mode Input Voltage Range VICR +11 +15 — Vv
p— -12 —
Large Signal Voltage Gain (Vo =10V, R =2.0k) AvoL Vimv
MC3400XB 50 150 —
MC3400X 25 100 —
Output Voltage Swing Vo Vv
(RL210Kk) +12 +14 —
(RL>2.0k) +10 +13 —_
Common Mode Rejection Ratio (Rg < 10 k) CMRR dB
MC3400XB 80 100 —
MC3400X 70 100 —
Supply Voltage Rejection Ratio (Rg < 10 k) (Note 4) PSRR dB
MC3400XB 80 100 —
MC3400X 70 100 —
Supply Current (Each Amplifier) Ip mA
MC3400XB — 1.4 25
MC3400X — 1.4 27
Slew Rate (Ay = 1.0) SR — 13 — Vius
Gain-Bandwidth Product GBW — 4.0 — MHz
Equivalent Input Noise Voltage en — 25 — nV/Hz
(Rs =100 , f = 1000 Hz)
Equivalent Input Noise Current (f = 1000 Hz) in — 0.01 — pANHz
NOTES: 2. Tjpy, = 0°C for MC34001/34001B Thigh = +70°C for MC34001/34001B
MC34002 MC34002
MC34004/34004B MC34004/34004B

3. The input bias currents approximately double for every 10°C rise in junction temperature, Tj. Due to limited test time, the input bias currents are
correlated to junction temperature. Use of a heatsink is recommended if input bias current is to be kept to @ minimum.
4. Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common practice.
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MC34001, B MC34002, B MC34004, B

ELECTRICAL CHARACTERISTICS (Vo = +15 V, VEE = =15 V, TA = Tiow 10 Thigh [Note 21

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10 k) Vio mv
MC3400XB — — 7.0
MC3400X —_ —_ 13
Input Offset Current (Vopm = 0) (Note 3) lio nA
MC3400XB — — 4.0
MC3400X — — 4.0
Input Bias Current (Vgpm = 0) (Note 3) B nA ‘
MC3400XB —_ — 8.0
MC3400X — — 8.0
Common Mode Input Voltage Range VICR +11 —_ - \
Large Signal (Vo =+10V, R =2.0 k) AvoL V/mV
MC3400XB 25 — _
MC3400X 15 — —
Output Voltage Swing Vo \
(R=10k) +12 — —
(R=2.0k) +10 — —
I
Common Mode Rejection Ratio (Rg < 10 k) CMRR dB |
MC3400XB 80 - — !
MC3400X 70 —-— — :
Supply Voltage Rejection Ratio (Rg < 10 k) (Note 4) PSRR dB ;
MC3400XB 80 — — |
MC3400X 70 — — i
Supply Current (Each Amplifier) D mA {
MC3400XB — — 2.8 |
MC3400X — - 3.0 }
NOTES: 2. Tjgyy = 0°C for MC34001/34001B Thigh = +70°C for MC34001/34001B I
MC34002 MC34002 |
MC34004/34004B MC34004/34004B

3. The input bias currents approximately double for every 10°C rise in junction temperature, T . Due to limited test time, the input bias currents are
correlated to junction temperature. Use of a heatsink is recommended if input bias current is to be kept to a minimum.
4. Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common practice.
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MC34001, B MC34002, B MC34004, B

Figure 1. Input Bias Current . Figure 2. Output Voltage Swing
versus Temperature versus Frequency
100 ]
- = = E:
E — VeC/VEE =15V / o]
E 10 £ Rp=20k ||
[ 7 @ Tp=25°C
5 Il w
o — o
2 10 3 \
o 7 >
5 7~ 5 \
a —~ a
ERE 5
D = e
= — S
7 = N
001 ~ N
-75 50 25 0 25 50 75 100 125 10k 100k 1OM 10M
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz)
Figure 3. Output Voltage Swing Figure 4. Output Voltage Swing
versus Load Resistance versus Supply Voltage
T o
a I I & | fu=20k
= 20| VooVgE= 415V =3 Tha=25C
= CC/VEE b P
g | TA=25°C g %
s e s ~
3 2 P ad @ ~
w
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2 10 o
2 S =
= / 5 /
=2
& & 10 e
5 50 5 L~
3 2 Z
s 0 d 0
0.1 0.2 04 07 10 2.0 40 70 10 0 5.0 10 15 20
RL, LOAD RESISTANCE (kQ) VCO/VEE , SUPPLY VOLTAGE (V)
Figure 5. Output Voltage Swing Figure 6. Supply Current per Amplifier
versus Temperature versus Temperature
20
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& B VeoVEE=#15V £
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Figure 7. Large—Signal Voltage Gain and

Phase Shift versus Frequency

Figure 8. Large-Signal Voltage Gain

versus Temperature

MOTOROLA ANALOG IC DEVICE DATA
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Figure 9. Normalized Slew Rate Figure 10. Equivaient Input Noise Voltage
versus Temperature —~ versus Frequency
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MC34001, B MC34002, B MC34004, B

Representative Circuit Schematic

(Each Ampilifier)
Bias Circuitry
Common fo All
Outgut Amplifiers

o T
P P

Q3 l\
- J J2 q
} Inputs }
+ O r Q17
1 Ezo
Q15 Q19 Q23 ]
|\ 10 pF
p 24
Q14 = 4 )
el "0/22 Q24
NN
I
QlZ/l I\st *—Q16
o) - 5
2 NGEE NS
o—=e Q%‘
Offset
Null 1.5k 1.5k
(MC34001 only) 4
o
Figure 12. Output Current to Voltage Transformation
for a D-to—A Converter
Vee
% Settling time to within 1/2 LSB is approximately 4.0 ps
1 from the time all bits are switched (C = 68 pF).
MSB At 0— —° { ® Vref The value of C may be selected to minimize overshoot
A2 0 and ringing.
A3 O— —o——/\/\/\/—_L
Mo— o R2 = Vco=15V Theore\tlical Vo
A5 O— - Vref Al A2 A3 M A5 A6 A7 A8
26 O— Vo=g, RO | +7, 75 g T3 tea 128t os6
A7 O0— .
LSB A8 O— lo e
(E_* % MC34001
15pF VEg=-15V
VEE QF—JV\/\/—EE———i
Ro It
7
C
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Figure 13. Positive Peak Detector

D—OVO

Vin ©

W
+= 1
=\ 8
P=3
=3
<<
m
m
-
g Y
=2
=
{
I
s
=
=8

Heéel o o NF;tevigk *Polycarbonate capacitor
D1 = Hi-speed, low-reverse leakage diode
or Relay
Figure 14. Long Interval RC Timer Figure 15. Isolating Large Capacitive Loads
' Fj%/\/\,51 k O Vo
Vee J 20 pF
VR =Cc Ip
310 |
20V - = CLO5uF
Run c 0 :F LOou
’\Y 1’ 20V = =
VEE
Overshoot < 10%
R5 *Polycarbonate or tg=10ps
1 Polystyrene Capacitor When driving large Gy, the Vo slew rate is determined by G|
and Io(max):
Time (t) = R4 Cn (VR/VR-V)), R3 = R4, R5= 0.1 Rg AVo _lo _ 0.2 _ ]
IfR1=R2: t= 0.693 R4C A c - 0s Vus=004Vius{wih Gy shown)

Design Example: 100 Second Timer
VR=10V C=L0puF R3=R4=144M
R6=20k R5=20k R1=R2=1.0k

Figure 16. Wide BW, Low Noise,
Low Drift Amplifier

fmax = 240 kHz

R1 10V,
Vin o—fvvv—?—- _iov
[0y B=i —O
= MC34001
Sr
Power BW: fmay = 2Vp = 240 kHz

Parasitic input capacitance (C1 = 3.0 pF plus any additional layout capacitance)
interacts with feedback elements and creates undesirable high-frequency pole.
To compensate add C2 such that: R2C2 = R1C1.
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High Slew Rate, Wide
Bandwidth, Single Supply
Operational Amplifiers

Quality bipolar fabrication with innovative design concepts are employed
for the MC33071/72/74, MC34071/72/74 series of monolithic operational
amplifiers. This series of operational amplifiers offer 4.5 MHz of gain
bandwidth product, 13 V/us slew rate and fast setting time without the use of
JFET device technology. Although this series can be operated from split
supplies, it is particularly suited for single supply operation, since the
common mode input voltage range includes ground potential (VEE). With A
Darlington input stage, this series exhibits high input resistance, low input
offset voltage and high gain. The all NPN output stage, characterized by no
deadband crossover distortion and large output voltage swing, provides high
capacitance drive capability, excellent phase and gain margins, low open
loop high frequency output impedance and symmetrical source/sink AC
frequency response.

The MC33071/72/74, MC34071/72/73 series of devices are available in
standard or prime performance (A Suffix) grades and are specified over the
commercial, industrial/vehicular or military temperature ranges. The
complete series of single, dual and quad operational amplifiers are available
in plastic DIP and SOIC surface mount packages.
® Wide Bandwidth: 4.5 MHz

High Slew Rate: 13 V/us

Fast Settling Time: 1.1 usto 0.1%

Wide Single Supply Operation: 3.0 V to 44 V

Wide Input Common Mode Voltage Range: Includes Ground (VEE)

Low Input Offset Voltage: 3.0 mV Maximum (A Suffix)

Large Output Voltage Swing: —14.7 V to +14 V (with 15 V Supplies)

o
L]
[ )
L]
[ )
[ ]
® |arge Capacitance Drive Capability: O pF to 10,000 pF
[ ]
[ ]
[ ]
[ ]
L]

MC34071,2,4,A
MC33071,2,4,A

HIGH BANDWIDTH
SINGLE SUPPLY
OPERATIONAL AMPLIFIERS

&

8 1
1

P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751

(SO-8)

PIN CONNECTIONS

Offset Null [1] (8] NC

(Dual, Top View)
Low Total Harmonic Distortion: 0.02%
Excellent Phase Margin: 60° N
Excellent Gain Margin: 12 dB 14 1N
Output Short Circuit Protection 1 !
ESD Diodes/Clamps Provide Input Protection for Dual and Quad P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
ORDERING INFORMATION CASE 646 CASE 751A
Op Amp Operating (S0-14)
Function Device Temperature Range Package PIN CONNECTIONS
Single MC34071P, AP Plastic DIP
X Ta = 0° to +70°C -
MC34071D, AD A SO-8 Output 1 [T] ] Output 4
MC33071P, AP Plastic DIP
’ = o o 13!
MC33071D, AD Ta =—40"10+85°C SO-8 Inputs 1 {EbJ L@j } Inputs 4
Dual MC34072P, AP A = 0° o 470°C Plastic DIP 6 i2]
MC34072D, AD A=DTTo+ 50-8 vee [ T Ve
MC33072P, AP e . Plastic DIP Bhal2 3 i)
MC33072D, AD Ta =—40°10+85°C S0-8 Inputs 2 { - = } Inputs 3
Quad MC34074P, AP Ta = 0° to +70°C Plastic DIP
MC34074D, AD A=0to SO-14 Output 2 [7} 8] Output 3
MC33074P, AP Plastic DIP "
) —_anp o d, Top Vi
MC33074D, AD Ta =-40°10+85°C SO-14 (Quad, Top View)
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MAXIMUM RATINGS

MC34071,2,4,A MC33071,2,4,A

Rating Symbol Value Unit
Supply Voltage (from VEE to Vo) Vg +44 \
Input Differential Voltage Range VIDR Note 1 \
Input Voltage Range VIR Note 1 \
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —60 to +150 °C

NOTES: 1. Either or both input voltages should not exceed the magnitude of Vo or VEE.
2. Power dissipation must be considered to ensure maximum junction temperature (T ) is not

exceeded (see Figure 1).

Representative Schematic Diagram
(Each Amplifier)

O
Vee
Q18
R7
Output
R8
Q19
Base Q13 Q14 Q15" Q16
Current
Cancellation Q12
:E Current
y Dt e
§ R5 Limit
§ R3 R4
o
VEg/Gnd

Offset Null

(MC33071, MC34071 only)
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MC34071,2,4,A MC33071,2,4,A

ELECTRICAL CHARACTERISTICS (Vgg =+15V, VEg =—15 V, Rl = connected to ground, unless otherwise noted. See Note 3 for
TA = Tiow to Thigh)

A Suffix ~ Non-Suffix
Characteristics Symbol Min Typ | Max Min Typ Max Unit
Input Offset Voltage (Rg =100Q, Vgm=0V,Vpo=0V) Vio _ mV
Voo =+15V, VEg =-15V, Tp = +25°C _ 0.5 3.0 _ 1.0 5.0
Voc=+5.0V, VEE=0V, Ta = +25°C 4 _ 0.5 3.0 _ 15 5.0
Vee=+15V, VEE =-15V, Ta = Tiow to Thigh — 5.0 — 7.0
Average Temperature Coefficient of Input Offset Voltage AV|o/AT —_ 10 — — 10 — uvr/ec
Rg=10Q, Vcm=0V,Vpo=0V,
TA = Tiow to Thigh
Input Bias Current (Vopm =0V, Vo=0V) B nA
TA =+25°C — 100 500 _ 100 500
TA = Tiow to Thigh — — 700 — — 700
Input Offset Current (Vo =0V, Vg = 0V) o nA
Ta =+25°C —-— 6.0 50 — 6.0 75
Ta =Tiow to Thigh —_ —_ 300 —_ —_ 300
Input Common Mode Voltage Range VICR \%
Ta = +25°C VEE to (Vcg -1.8) VEEg to (Vcc —-1.8)
TA = Tiow to Thigh VEEg to (Vcc -2.2) VEEto (Vcc—2.2)
Large Signal Voltage Gain (Vo =+10 V, R = 2.0 kQ) AvoL Vimv
Ta = +25°C 50 100 — 25 100 —
TA = Tiow to Thigh 25 —_ —_ 20 —_ —
Output Voltage Swing (Vip = £1.0 V) VoH \
Ve =+5.0V, VEE =0V, R =2.0kQ, Tp = +25°C 3.7 4.0 — 3.7 4.0 —
Voo =+15V, VEE =-15 V, R = 10 kQ, Tp = +25°C 13.6 14 - 13.6 14 -
Voo =+15V, VEE=-15V, R = 2.0k, 13.4 — — 13.4 — —
TaA = Tiow to Thigh
Vece=+5.0V, VEE =0V, R =2.0kQ, Tp = +25°C VoL _ 0.1 0.3 — 0.1 0.3 \
Voo =+16V VEE =-15V, R = 10 k@, Tp = +25°C — -14.7 | 143 — | —147 | -143
Voc=+15V, VEE ==15V, R = 2.0 kQ, _ — -13.5 — — | -135
TA = Tiow to Thigh
Output Short Circuit Current (Vip=1.0V,Vo =0V, Isc mA
Ta = 25°C)
Source 10 30 —_ 10 30 —
Sink 20 30 — 20 30 —_
Common Mode Rejection CMR 80 97 — 70 97 — dB
Rg <10 kQ, Vom = VICR, TA = 25°C
Power Supply Rejection (Rg = 100 Q) PSR 80 97 — 70 97 — dB
VCC/VEE = +16.5 V/-16.5 V to +13.5 V/~13.5 V,
Ta =25°C
Power Supply Current (Per Amplifier, No Load) Ip mA
Voc=+5.0V, VEE =0V, Vg = +2.5 V, T = +25°C — 1.6 2.0 - 1.6 2.0
Voo =+15V, VEg =15V, Vo =0V, Tp = +25°C — 1.9 25 - 1.9 25
Vec=+15V, VEE=-15V,VQ =0V, — — 238 — - 2.8
TA = Tiow 10 Thigh
NOTES: 3. Tjgyy = —40°C for MC33071, 2, 4, /A Thigh = +85°C for MC33071, 2, 4, /A
= 0°C for MC34071, 2, 4, /A = +70°C for MC34071, 2, 4, /A
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MC34071,2,4,A MC33071,2,4,A

AC ELECTRICAL CHARACTERISTICS (Voc = +15 V, VEg =—15 V, R|_ = connected to ground. Tp = +25°C, unless otherwise noted.)

A Suffix Non-Suffix
Characteristics Symbol | Min Typ Max Min Typ Max Unit
Slew Rate (Vi =-10V to +10 V, R|_= 2.0 kQ, C|_= 500 pF) SR Vius
Ay =+1.0 8.0 10 — 8.0 10 —
Ay =-1.0 - 13 — - 13 —
Setting Time (10 V Step, Ay = -1.0) ts us
To 0.1% (+1/2 LSB of 9-Bits) — 1.1 — — 1.1 —
To 0.01% (+1/2 LSB of 12-Bits) — 2.2 — — 2.2 —
Gain Bandwidth Product (f = 100 kHz) GBW 3.5 4.5 — 3.5 4.5 — MHz
Power Bandwidth BW — 160 — — 160 — kHz
Ay =+1.0,R_ =2.0kQ, Vo =20 Vpp, THD = 5.0%
Phase margin fm Deg
RL =2.0kQ . — 60 — — 60 —
R =2.0kQ, Cp_ =300 pF - 40 — - 40 -
Gain Margin Am dB
RL=2.0kQ — 12 —_ — 12 —
RL =2.0kQ, C|_ =300 pF —_ 4.0 — — 4.0 —
Equivalent Input Noise Voltage en — 32 — — 32 — | nV/VHz
Rg=100Q, f=1.0kHz
Equivalent Input Noise Current in —_ 0.22 —_ —_ 0.22 —_ pA/\/FE
f=1.0kHz
Differential Input Resistance Rin —_ 150 — - 150 —_ MQ
Vcm=0V
Differential Input Capacitance Cin — 2.5 — — 25 — pF
Vcm=0V
Total Harmonic Distortion THD — 0.02 — — 0.02 — %
Ay =+10, R =2.0kQ, 2.0 Vpp <Vp<20 Vpp’ f=10kHz
Channel Separation (f = 10 kHz) — — 120 — — 120 — dB
Open Loop Output Impedance (f = 1.0 MHz) 1Zpl - 30 — — 30 — w
Figure 1. Power Supply Configurations Figure 2. Offset Null Circuit
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Figure 3. Maximum Power Dissipation versus
Temperature for Package Types
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Range versus Temperature
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Figure 7. Normalized Input Bias Current versus
Input Common Mode Voltage
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Temperature for Representative Units
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Figure 8. Split Supply Output Voltage

Swing versus Supply Voltage

g 14 T 7 50 R T T " T
5 Connect
=] Voc= +15V _| a - L _ 9Eo
= W\ VEE=-15V £ 4 to Ground Tp = 25°C P
g 12 TA=25C g
RN X
= ™ 8 AL=10K
(:’.) 1.0 E t
2 ™ Q 2
o =
S o S U, ~
g 3"
2 5 =
= = Py

08 0

~12 -8.0 -4.0 0 4.0 8.0 12 0 5.0 10 15 20 25
Vig, INPUT GOMMON MODE VOLTAGE (V) Vee, IVEE!, SUPPLY VOLTAGE (V)

2-276 MOTOROLA ANALOG IC DEVICE DATA



MC34071,2,4,A MC33071,2,4,A

Figure 9. Single Supply Output Saturation
versus Load Resistance to V¢

Figure 10. Split Supply Output Saturation

versus Load Current
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versus Load Resistance to Ground versus Temperature
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Figure 13. Output Impedance Figure 14. Output Voltage Swing
versus Frequency versus Frequency
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Figure 15. Total Harmonic Distortion
versus Frequency

Figure 16. Total Harmonic Distortion
versus Output Voltage Swing
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Figure 21. Percent Overshoot versus
Load Capacitance

Figure 22. Phase Margin versus

Load Capacitance
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Figure 23. Gain Margin versus Load Capacitance Figure 24. Phase Margin versus Temperature
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Figure 25. Gain Margin versus Temperature versus Differential Source Resistance
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Figure 27. Normalized Slew Rate
versus Temperature
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Figure 29. Small Signal Transient Response
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Figure 30. Large Signal Transient Reponse
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Figure 33. Supply Current versus

Supply Voltage
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Figure 35. Channel Separation versus Frequency
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Figure 34. Power Supply Rejection
versus Temperature
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Figure 36. Input Noise versus Frequency
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APPLICATIONS INFORMATION
CIRCUIT DESCRIPTION/PERFORMANCE FEATURES

Although the bandwidth, slew rate, and settling time of the
MC34071 amplifier series are similar to op amp products
utilizing JFET input devices, these amplifiers offer other
additional distinct advantages as a result of the PNP
transistor differential input stage and an all NPN transistor
output stage.

Since the input common mode voltage range of this input
stage includes the VEE potential, single supply operation is
feasible to as low as 3.0 V with the common mode input
voltage at ground potential.

The input stage also allows differential input voltages up to
+44 V, provided the maximum input voltage range is not
exceeded. Specifically, the input voltages must range

between VEE and VG supply voltages as shown by the
maximum rating table. In practice, although not
recommended, the input voltages can exceed the Vg
voltage by approximately 3.0 V and decrease below the VEE
voltage by 0.3 V without causing product damage, although
output phase reversal may occur. It is also possible to source
up to approximately 5.0 mA of current from VEE through
either inputs clamping diode without damage or latching,
although phase reversal may again occur.

If one or both inputs exceed the upper common mode
voltage limit, the amplifier output is readily predictable and
may be in a low or high state depending on the existing input
bias conditions.
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Since the input capacitance associated with the small
geometry input device is substantially lower (2.5 pF) than the

typical JFET input gate capacitance (5.0 pF), better

frequency response for a given input source resistance can
be achieved using the MC34071 series of amplifiers. This
performance feature becomes evident, for example, in fast
settling D—to—A current to voltage conversion applications
where the feedback resistance can form an input pole with
the input capacitance of the op amp. This input pole creates
a 2nd order system with the single pole op amp and is
therefore detrimental to its settling time. In this context, lower
input capacitance is desirable especially for higher values of
feedback resistances (lower current DACs). This input pole
can be compensated for by creating a feedback zero with a
capacitance across the feedback resistance, if necessary, to
reduce overshoot. For 2.0 kQ of feedback resistance, the
MC34071 series can settle to within 1/2 LSB of 8 bits in 1.0
us, and within 1/2 LSB of 12-bits in 2.2 ps for a 10 V step. In
a inverting unity gain fast settling configuration, the
symmetrical slew rate is 13 V/us. In the classic noninverting
unity gain configuration, the output positive slew rate is +10
V/us, and the corresponding negative slew rate will exceed
the positive slew rate as a function of the fall time of the input
waveform.

Since the bipolar input device matching characteristics are
superior to that of JFETSs, a low untrimmed maximum offset
voltage of 3.0 mV prime and 5.0 mV downgrade can be
economically offered with high frequency performance
characteristics. This combination is ideal for low cost
precision, high speed quad op amp applications.

The all NPN output stage, shown in its basic form on the
equivalent circuit schematic, offers unique advantages over
the more conventional NPN/PNP transistor Class AB
output stage. A 10 k<2 load resistance can swing within 1.0 V
of the positive rail (Vcc), and within 0.3 V of the negative
rail (VEE), providing a 28.7 Vpp swing from +15 V supplies.
This large output swing becomes most noticeable at lower
supply voltages.

The positive swing is limited by the saturation voltage of
the current source transistor Q7, and VBE of the NPN pull up
transistor Q17, and the voltage drop associated with the short
circuit resistance, R7. The negative swing is limited by the
saturation voltage of the pull-down transistor Q1g, the
voltage drop I Re, and the voltage drop associated with
resistance Ry, where ||_is the sink load current. For small
valued sink currents, the above voltage drops are negligible,
allowing the negative swing voltage to approach within
millivolts of VEE. For large valued sink currents (>5.0 mA),
diode D3 clamps the voltage across Rg, thus limiting the
negative swing to the saturation voltage of Q4g, plus the
forward diode drop of D3 (=VEEg +1.0 V). Thus for a given
supply voltage, unprecedented peak—to—peak output voltage
swing is possible as indicated by the output swing
specifications. )

If the load resistance is referenced to Vgg instead of
ground for single supply applications, the maximum possible
output swing can be achieved for a given supply voltage. For

light load currents, the load resistance will pull the output to
Vcc during the positive swing and the output will pull the load
resistance near ground during the negative swing. The load
resistance value should be much less than that of the
feedback resistance to maximize pull up capability.

Because the PNP output emitter—follower transistor has
been eliminated, the MC34071 series offers a 20 mA
minimum current sink capability, typically to an output voltage
of (VEg +1.8 V). In single supply applications the output can
directly source or sink base current from a common emitter
NPN transistor for fast high current switching applications.

In addition, the all NPN transistor output stage is inherently
fast, contributing to the bipolar amplifier’'s high gain
bandwidth product and fast settling capability. The
associated high frequency low output impedance (30 Q typ
@ 1.0 MHz) allows capacitive drive capability from 0 pF to
10,000 pF without oscillation in the unity closed loop gain
configuration. The 60° phase margin and 12 dB gain margin
as well as the general gain and phase characteristics are
virtually independent of the source/sink output swing
conditions. This allows easier system phase compensation,
since output swing will not be a phase consideration. The
high frequency characteristics of the MC34071 series also
allow excellent high frequency active filter capability,
especially for low voltage single supply applications.

Although the single supply specifications is defined at
5.0V, these amplifiers are functional to 3.0 V @ 25°C
although slight changes in parametrics such as bandwidth,
slew rate, and DC gain may occur.

If power to this integrated circuit is applied in reverse
polarity or if the IC is installed backwards in a socket, large
unlimited current surges will occur through the device that
may result in device destruction.

Special static precautions are not necessary for these
bipolar amplifiers since there are no MOS transistors on
the die.

As with most high frequency amplifiers, proper lead dress,
component placement, and PC board layout should
be exercised for optimum frequency performance. For
example, long unshielded input or output leads may result in
unwanted input-output coupling. In order to preserve the
relatively low input capacitance associated with these
amplifiers, resistors connected to the inputs should be
immediately adjacent to the input pin to minimize additional
stray input capacitance. This not only minimizes the input
pole for optimum frequency response, but also minimizes
extraneous “pick up” at this node. Supply decoupling with
adequate capacitance immediately adjacent to the supply pin
is also important, particularly over temperature, since many
types of decoupling capacitors exhibit great impedance
changes over temperature.

The output of any one amplifier is current limited and thus
protected from a direct short to ground. However, under such
conditions, it is important not to allow the device to exceed
the maximum junction temperature rating. Typically for +15 V
supplies, any one output can be shorted continuously to
ground without exceeding the maximum temperature rating.
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(Typical Single Supply Applications Vgc = 5.0 V)

Figure 37. AC Coupled Noninverting Amplifer
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Figure 38. AC Coupled Inverting Amplifier
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Figure 43. Low Voltage Fast D/A Converter
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Figure 45. LED Driver
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Figure 47. AC/DC Ground Current Monitor
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Figure 49. Low Input Voltage Comparator

Figure 50. High Compliance Voltage to
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+V20
R2 _ R4 . ARR;
RT " R3 (Critical to CMRR) VO = Vye R2F
Vo=1 <+ﬂ><v2-V1_FE> AR<<R R 2
0= R3 R3 RF>>R = No20.1V)
For (V22 V1),V>0
Figure 54. High Frequency Pulse
Figure 53. Low Voltage Peak Detector Width Modulation
fosc = 2% +
Vin RC vy IB +
o+ VO =Vin (PK) T lsc
MC34071 ——0 — VP o t
t - AN Base Charge
Removal

10,000 pF

Q lout

S
1]
<<
el
I'Hli

» <
]
o
||H

Vp { Puise Width =
Control Group

Comparator High Current

Output
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MC34071,2,4,A MC33071,2,4,A

GENERAL ADDITIONAL APPLICATIONS INFORMATION Vg = +156.0 V

Figure 55. Second Order Low-Pass Active Filter

Yl
J

Figure 56. Second Order High—-Pass Active Filter

"co
0.02
A NN—
R2
R1 R3 56k
560 510
O—"N—8 ~AAA~ -~
l MC34071 —O
C1 fo=1.0kHz
044 I r p Ho=10
= = Choose: fo, Ho, C2
Then: C1 =202 (Hp+1)
2 R2 R2
2 = = = —
R 4xfoC2 A8 = Hor A= e
Figure 57. Fast Settling Inverter
O
:— _‘ Vo=10V
R Step
e
20k
L
0 Vg
l l
= Uncompensated { ls=10us
to 1/2 LSB (8-Bits)
. tg=22ps
High Speed { S
DAC Compensated 3y, 415 | 8B (12-Bits)

*Optional Compensation SR=13Vius

Figure 59. Basic Noninverting Amplifier

+
MC34071 Vo

Vin C’\b

R2

RL

R1§ Vo R
. = -(1+R1>

Vin

|

[ Rt
BW (3.0 dB) = GBW \._——R . +R2}

0.05 b 46.1k
o—)
C1 ——4
1.0 R2 fo =100 Hz
11k Ho=20
N = Hg#0.5
Choose: fo, Hg, C1 Then:Rl= ————
oo oGl V2
R2 2
" 2nfgC1 (1Hg+2)
C
C2= m

0

Figure 58. Basic Inverting Amplifier

A Vo
RL
R2

24%%

Vin

=2 oW (008 = GBW | P!
=Ry BW(-B0dB)= R1+R2

Vo
Vin

SR =13 V/us

Figure 60. Unity Gain Buffer (Ay = +1.0)

Vip O——1+
MC34071 —o0 Vo

BWp =200 kHz
Vo=20V,
SR =10 Vigis
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MC34071,2,4,A MC33071,2,4,A

Figure 61. High Impedance Differential Amplifier

o—+ R
MC34074
R
Re MC34074 > ——0 Vg
R +
NN\
- Example:
% —
mes4or4 i Let: R=Rg = 12k R
o——+ Then: Ay = 3.0 AV=L1+2—
‘% BW = 1.5 MHz Re
Figure 62. Dual Voltage Doubler
O +Vo
A
+
p_H|__| +
100k 10 T RL
1 10
A
L
100 k A
At
NI S ST ? AL
R +V, Y
L 0 o ‘%100 k 10 |
oo | 1893 | -18.78 al A
10k | 18 -18 —0 Vg
50k | 154 | -154
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@ MOTOROLA

High Slew Rate, Wide
Bandwidth, JFET Input
Operational Amplifiers

These devices are a new generation of high speed JFET input monolithic
operational amplifiers. Innovative design concepts along with JFET
technology provide wide gain bandwidth product and high slew rate.
Well-matched JFET input devices and advanced trim techniques ensure low
input offset errors and bias currents. The all NPN output stage features large
output voltage swing, no deadband crossover distortion, high capacitive
drive capability, excellent phase and gain margins, low open loop output
impedance, and symmetrical source/sink AC frequency response.

This series of devices is available in fully compensated or
decompensated (AycL<2) and is specified over a commercial temperature
range. They are pin compatible with existing Industry standard operational
amplifiers, and allow the designer to easily upgrade the performance of
existing designs.
® Wide Gain Bandwidth: 8.0 MHz for Fully Compensated Devices

16 MHz for Decompensated Devices
® High Slew Rate: 25 V/us for Fully Compensated Devices
50 V/us for Decompensated Devices
® High Input Impedance: 1012Q
® |nput Offset Voltage: 0.5 mV Maximum (Single Amplifier)
® Large Output Voltage Swing: —-14.7 V to +14 V for
VCC/VEE=%15V
® |Low Open Loop Output Impedance: 30 Q @ 1.0 MHz
® Low THD Distortion: 0.01%

MC34080
thru
MC34085

HIGH PERFORMANCE
JFET INPUT
OPERATIONAL AMPLIFIERS

&

8 1

1

P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751

(SO-8)

PIN CONNECTIONS

(Single, Top View)

® Excellent Phase/Gain Margins: 55°/7.6 dB for Fully Compensated Output 1 ] 8 Vee
Devices Inputs 1 {Eg 7] Output 2
& A o } Inputs 2
ORDERING INFORMATION VEE [4 18]
Full Operating Dual, Top View,
Op Amp COmp!n- AycL>2 Temperature ( P View)
Function sated Compensated Range Package
Singl MC34081BD | MC34080BD SO-8
ingle
9 MC34081BP | MC34080BP TA =0°to +70°C | Plastic DIP
Dual MC34082P MC34083BP Plastic DIP
MC34084DW [ MC34085BDW SO-16L
Quad TA =0° to +70°C -
MC34084P MC34085BP Plastic DIP P SUFFIX DW SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 646 CASE 751G
PIN CONNECTIONS (80-16L)
\J
Output 11 116] Qutput 4 Output 1 [1 fi4) Output 4
E‘1>_] \_@1—_5] 2 3
Inputs 1{ } Inputs 4 I uts1{|: 2 }
[3] 1 4 14] np! E ; < ) Inputs 4
Ve ] 13 Veg vee [ ] Vee
] 2] (5] i0]
Inputs Z{Ej>2-! |‘<t‘i| } Inputs 3 Inputs 2{ EJ>2-I |-3<KE } Inputs 3
Output 2 [7] 110 Output 3 Output 2 7] 18] Output 3
NC [e] 9]NC
= ] (Quad, Top View)
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MC34080 thru MC34085

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (from VoG to VEE) Vs +44 Vv
Input Differential Voltage Range VIDR (Note 1) \
Input Voltage Range VIR (Note 1) \Y
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Operating Ambient Temperature Range TA 0to +70 °C
Operating Junction Temperature Ty +125 °C
Storage Temperature Range Tstg —65to +165 °C

NOTES: 1. Either or both input voltages must not exceed the magnitude of Vo or VEE.
2. Power dissipation must be considered to ensure maximum junction temperature

(Ty) is not exceeded.

Representative Schematic Diagram
(Each Amplifier)

(€

* ©Vee
VD 200 pA GD 50 uA D 850 pA J
a1

(<)

0Ty R1 }\l\ Q6
o] o 240 18
) ‘i i e 9 Vv Output
Inputs M Rsc 700
*o 5.0 I'D<2 J R2
c
Ly R -
20 o
! . CF y|PF ¢ M
» 30
pF
Q5 l
>—| Q2
R3S S R4 Fas o
o 10kS 10k ~ ,:.
500 R6 D3
50u(Y) P afl
% r‘ ey (Y)100pa  (Y)a0pA m %
N - ¢——OVge

RM
Null Adjust @

(MC34080, 081)*

*Pins 1 & 5 (MC34080,081) should notbe directly grounded or connected to V¢ G.
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MC34080 thru MC34085

DC ELECTRICAL CHARACTERISTICS (Voc = +15 V, VEE = — 15 V, TA = Tiow to Thigh [Note 3], unless otherwise noted.)

Characteristics Symbol Min Typ | Max Unit
Input Offset Voltage (Note 4) Vio mv
Single
Ta =+25°C — 0.5 2.0
Ta = 0° to +70°C (MC34080B, MC34081B) — — 4.0
Dual
Ta =+25°C —_ 1.0 3.0
Ta = 0° to +70°C (MC34082, MC34083) — — 5.0
Quad .
Ta =+25°C — 6.0 12
Ta = 0° to +70°C (MC34084, MC34085) — —_ 14
Average Temperature Coefficient of Offset Voltage AV|O/AT — 10 — uv/°C
Input Bias Current (VoM = 0 Note 5) ) B .
Ta =+25°C — 0.06 0.2 nA
Ta =0°to +70°C - — 4.0
Input Offset Current (Vcpm = O Note 5) llo
Ta =+25°C — 0.02 0.1 nA
TA =0° to +70°C - — | 20
Large Signal Voltage Gain (Vo =+10 V, R = 2.0 k) AvoL VimV
Ta =+25°C 25 80 —_
TA = Tiow to Thigh 15 — —
Output Voltage Swing VoH \
RL = 2.0k, Ta = +25°C 132 | 137 | —
RL =10 k, Ta = +25°C 134 | 139 | —
R =10k, TA = Tiow to Thigh 13.4 — —_
R =2.0k, Ta =+25°C VoL —_ -14.1 | -13.5
R =10k, Tp =+25°C — -14.7 | -14.1
RL =10k, TaA=Tiow to Thigh — — | -14.0
Output Short Circuit Current (Ta = +25°C) Isc mA
Input Overdrive = 1.0 V, Output to Ground
Source 20 31 —_
Sink 20 28 -
Input Common Mode Voltage Range VICR (VEE +4.0) to \"
Ta = +25°C (Vee—-2.0)
Common Mode Rejection Ratio (Rg < 10 k, Ta = +25°C) CMRR 70 920 — dB
Power Supply Rejection Ratio (Rg = 100 @, Ta = 25°C) PSRR 70 86 - dB
Power Supply Current Ip mA
Single
Ta = +25°C — 25 | 34
TA =Tiow to Thigh — — 42
Dual
Ta =+25°C —_— 4.9 6.0
TA = Tiow to Thigh —_ — 75
Quad
Ta = +25°C — 9.7 1
Ta = Tiow to Thigh — — 13
NOTES: (continued)
3.Tiow = 0°C for MC34080B Thigh = +70°C for MC34080B
MC34081B MC34081B
MC34084 MC34084
MC34085 MC34085

4. See application information for typical changes in input offset voltage due to solderability and temperature cycling.
5. Limits at Tp = +25°C are guaranteed by high temperature (Thigh) testing.
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MC34080 thru MC34085

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

Characteristics Symbol Min Typ Max Unit

Slew Rate (Vip =~10V to +10 V, R = 2.0 kQ, C|_= 100 pF) SR Vius
Compensated Ay =+1.0 20 25 —_

Ay =-1.0 — 30 —
Decompensated Ay =+2.0 35 50 —
Ay =-1.0 — 50 —

Settling Time (10 V Step, Ay = —1.0) tg us
T0 0.10% (+1/5 LSB of 9-Bits) — | o72 | —

To 0.01% (+1/o LSB of 12-Bits) — 1.6 —

Gain Bandwidth Product (f = 200 kHz) GBW MHz
Compensated 6.0 8.0 —
Decompensated 12 16 —

Power Bandwidth (R|_= 2.0 k, VQ = 20 Vpp, THD = 5.0%) BWp kHz
Compensated Ay = +1.0 — 400 —
Decompensated Ay = - 1.0 —_ 800 —_

Phase Margin (Compensated) dm De-
RL=2.0k — 55 — grees
R =2.0k, CL =100 pF — 39 —

Gain Margin (Compensated) Am dB
R =2.0k — 7.6 —

R =2.0k, C|_=100pF — 4.5 —

Equivalent Input Noise Voltage en — 30 — | nVWHz
Rg=100Q, f=1.0 kHz

Equivalent Input Noise Current (f = 1.0 kHz) In —_ 0.01 — | pA/VHz

Input Capacitance Cj — 5.0 — pF

Input Resistance i — | 1012 — Q

Total Harmonic Distortion THD — 0.05 —_ %
Ay =+10,R =2.0k 2.0 <V <20 Vpp, f =10 kHz

Channel Separation (f = 10 kHz) — — 120 — dB

Open Loop Output Impedance (f = 1.0 MHz) Zy — 35 —_ Q

. Figure 1. Input Common Mode Voltage Range Figure 2. Input Bias Current
E versus Temperature versus Temperature
e o0 100 k T T
z VooVee =#30Vior22v| AT VeoNVEE = +15V
i " AVjp=5.0mA —Vce Vem=0V
T I =
E -1.0 i ~_/JN z 10k /
Q D %
w30 & 1.0k e
o] 5 L~
= o
8 2 P
s 20 = 100 —
o T
5 10 Z 10—
S VEE o2
o 0 I W 1.0
;2 -55 -25 0 25 50 75 100 125 -55 -25 0 25 50 75 100 125
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
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MC34080 thru MC34085

Figure 3. Input Bias Current versus
Input Common Mode Voltage

Figure 4. Output Voltage Swing
versus Supply Voltage

140 50
v T
g 120 || TC(;/;/SEO%' & & 40| R Connectedto Ground
= A e Ta=25°C //
& 100 / z ' 4
£ / & 20 | Z
o 80 / w R =10k RL=20k
@« e "4
< / = /
E /' ° 20 ”
5 60 z /
= E 10 r
- =
@ 40 8 //
)
20 =0
-12 -8.0 -4.0 0 4.0 8.0 12 0 15.0 +10 115 +20 +25
Vic, INPUT COMMON MODE VOLTAGE (V) Ve IVEE! SUPPLY VOLTAGE (V)
Figure 5. Output Saturation versus Figure 6. Output Saturation vesus
Load Current Load Resistance to Ground
= 0 ~ 0
= 3 = b
& Vee o) vee
5 10N\ £ 20 /]
g Source <] / VCCVEE=%15V |
S ;| VeoVEE=+15Vio+22V N~ & 4o A=
£ TA=25C ‘ = am n L]
<F_>( l | | N E — — T T T
3.0 S 20
|‘£ 1 X — L 1 (%]
= 1 — a
3 10 Sink et 3 10 N
‘.§ ] VEE ‘é VEES ™ :
= 0 I3 S v
0 4.0 8.0 12 16 300 3.0k 30k 300k
IL, LOAD CURRENT (+mA) R, LOAD RESISTANCE TO GROUND ()
Figure 7. Output Saturation versus Figure 8. Output Short Circuit Current
Load Resistance to Vcc versus Temperature
s 0 £ %
s =y A E
o] ST VeeT 1 Z P~
g 04 » € % 7\‘\ | Source
<] > e
z o8 ‘\1 % / Sink \\\
2 . o~ T
% LA L S S % N O 1 S N z!:-; 20 \\
2 — —-wz o — = o]
@ 20 T S
= VeoVEg=+15V 77}
% N R to Voo 5 10 VeO/VEE=#15V —]
3 M N Ta=25°C i E RL=01Q
El v e TN =) AVip=10V _
EE \+ e O_
= 0 |1 : Q0
300 3.0k 30k 300k L 55 -25 0 25 50 75 100 125
RL, LOAD RESISTANCE TO V¢ (©) Ta, AMBIENT TEMPERATURE (°C)
2-292 MOTOROLA ANALOG IC DEVICE DATA



MC34080 thru MC34085

Z 9, OUTPUT IMPEDANCE (<)

Vo, OUTPUT VOLTAGE SWING (Vpp)

Figure 9. Output Impedance versus Frequency Figure 10. Output Impedance versus Frequency
80 T T TTTT 80 T
VecVeg =215V VooVEE =215V
" Vom=10 = | Vem=0
0 L Vo=0 G ool vo=0
Alg = +0.5mA 3 Alg =+0.5mA r
| TA=25°C =z | TpA=25°C
Compensated 2 Decompensated J
40 |- Units Onl 2 40}~ Units Onl l
il 2 Zal D=l /
L1 [ AT / 5 ,J / / /
20 e P ﬂ Ay = LOA 8 © 20 Py v y
A 4 o
/W ’Av=100-7»¢k/ =10 - N rAAvﬂooc > 4 =100—.¢)Av=10 JA HH
[ —— LIIW/ 0 I l LLLI.H/ + | ]j_[
1.0k 10k 100k 1.0M 10M 1.0k 10k 100k 1.0M 10M
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
Figure 11. Output Voltage Swing
versus Frequency Figure 12. Output Distortion versus Frequency
28 —— T 05
VeoVeE =415V | JNALLIR
2% RESJz%Ek | = Ay = 100 1l
THD = 1.0% H &z/ 0.4
20 N\ Ta =25°C y & VeoVEE=#15V |||
Compensated - = Vo=20Vpp
16 Units Ay = +1.0 Decompensated | g 03 R =20k 1
\ Urits Ay =-1.0 1] 2 Ta=25°C |
12 \ P *Compensated
N N 2 02 Units Only s
AN 5 Ay 0 g
N\ S o1 §1ji
40 ~ - il
0 L 0 Ay = 1.0°
10k 100 k 1.0M 10M 10 100 1.0k 10k 100k
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
Figure 13. Open Loop Voltage Gain
versus Temperature
= | I
g 1.08 \ VCo/NEg=%15V -‘4
o \ Vo=-10Vi0+10V __|
2= N RL=10k
g 1o AN <10 Hz -
2y
&=
S g 1.00
=z =2 —
O ™ 096
!
<}
>
< 092
-55 =25 0 25 50 75 100 125

Ta, AMBIENT TEMPERATURE (°C)
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MC34080 thru MC34085

Figure 14. Open Loop Voltage Gain and
Phase versus Frequency

Figure 15. Open Loop Voltage Gain and
Phase versus Frequency

__100 T T . 20 M=
S VcclVEE=i15V_0 g \§§:.‘\ 100
R NS \\\\ \F/cf:zo(;/k 18 A \‘\t ] ] &
N N oc
i \\L N =T s & 8 [Nooveese N Gan ["°¢
(= 60 Phase \ \| Gain e g 0 r Vo =0V o NN % MirgigB)_ 0 u‘%
<] X N % ©  [Ta=25C ase =76d3—11% ¢
: SIS R NN N o
S 40 \‘\ 2 9 — o\ ‘\‘\160§
z NN 135 4 F 20[ 1—Gain, R =20k N\ > (S
g \\ \ 205 - 2 — Gain, R = 2.0k, C|_= 100 pF +—N\— 180 25
20 - - N ‘\X o -3} 3—Phase, R =2.0k \\ s
<) gomrj] L(ljnf_ Cuges — Colr:\;pensated Utm;sU . \ \ 180 [} L 4—Phase, R =2.0k, C| =100 pF \_. \3 200
< 0 as| el ine Lurves—. ecom?ensaeI nits “ \[ \ =3 » Compensated Units Only AWAN
1.0 10 100 1.0k 10k 100k 1.0M 10M 100M 1.0 20 3.0 50 70 10 20 30 50
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
Figure 16. Open Loop Voltage Gain and Figure 17. Normalized Gain Bandwidth
Phase versus Frequency = Product versus Temperature
. i)
= 20 N 120
g S [ | 100 S
= 1 —~ E N
<10 RS Gain  1— ﬁ & v 5V
S ~ A i =4 =%
4 [ VooVee=+15V IR N I =R M ]
S i N =55dB| | o o L
= 0fvp=0V N ~Q a8 3
S | Ta=25C Phase - X 140 w o]
& 10 Margin | M\ N < T 100
[o} = 43° N[ N T =
] = \ Neo 2 E
= |t RN N 7 =]
& 20 1—Gain, R = 2.0k \ < woo=
& |2—Gain R =20k C =100 pF 1N 180 5 =2 0.90
2 -30| 3—Phase, R =20k N\ o @
S | 4—Phase,R( =20k CL=100pF| \ N 200 E
< 0 Decompensated Units Only \ \ g 080
1.0 20 3.0 50 70 10 20 30 50 3 -55 -25 0 25 50 75 100 125
f, FREQUENCY (Hz) Ta, AMBIENT TEMPERATURE (°C)
Figure 18. Percent Overshoot versus Figure 19. Phase Margin versus
Load Capacitance Load Capacitance
00 (T X " T 1] T T
Decompensated V4 Pz @ o |—— Compensated XCS/\QII(E)EK ?0_105 Vo]
80 Units Ay = +2.0 w Units Ay = +1.0 L
= / T AVQ =100 mVp,
Q w 50 Vo=-10Vto+10 VT
e A a S 0
2w P 2 © \\\ Ta=25°C
% | Compensated 1| % NN
£ 4 Units Ay = +1.0 = g M
[T ” T T ul ﬁ
2 = VeoVEg =215V < 5 N
& 20 o R =20k o Decompensated \ \\
— AVQ =100 mVy, = 4 Units Ay = +2.0 N
Vo=-10Vto +10V = N N
=250 L N
10 100 1.0k 010 100 1.0k
CL, LOAD CAPACITANCE (pF) CL, LOAD CAPACITANCE (pF)
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MC34080 thru MC34085

Figure 20. Gain Margin versus Load Capacitance

10 T TTTTT T T T T T
— Compensated \Fltf(;jg%EkToﬂs v j
80 Units Ay = +1.0 AVo =100 mV i
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< 40 N
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<40 Decompensated \\
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| A
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10 100 10k
C, LOAD CAPACITANCE (pF)
Figure 22. Gain Margin versus Temperature
10 T T T T T T
Solid Linev Curves—Compensated Units AV. =+1.0 J
Dashed Line Curves-Decompensated Units Ay = +2.0
__80
g /"’
5 6o L= 10pF= v v v
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i
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£ ] —
<207f Gl =100pF C| =200 pF
> — —
. == Cp =360 pF
L
-55 -25 0 25 50 75 100 125

Ta, AMBIENT TEMPERATURE (°C)

Figure 21. Phase Margin versus Temperature
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7 L1 |
i 50 K~ Solid Line Curves-Compensated Units Ay = +1.0
% C) =10 pF Dashed Line Curves-Decompensated Units Ay = +2.0
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2 2
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TaA, AMBIENT TEMPERATURE (°C)
Figure 23. Normalized Slew Rate
versus Temperature
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MC34080 thru MC34085

MC34084 Transient Response
Ay =+1.0, R =2.0k, VCC/VEE =+15 V, Tp = 25°C

Figure 25. Large Signal

|

Figure 24. Small Signal

50 mV/Div
o
5.0 mV/Div

0.2 us/Div 0.5 ps/Div

MC34085 Transient Response
Ay =+2.0, R =2.0k, VCC/VEE =+15V, Tp = 25°C

Figure 27. Large Signal

Ce- 1005 I

Figure 26. Small Signal
o

oo ]

50 mV/Div
5.0 mV/Div

‘ _
0.2 ps/Div

0.5 psiDiv
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MC34080 thru MC34085

Figure 28. Common Mode Rejection Ratio
versus Frequency

Figure 29. Power Supply Rejection Ratio
versus Frequency
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f, FREQUENCY (Hz) f, FREQUENCY (Hz)
Figure 30. Power Supply Rejection Ratio Figure 31. Normalized Supply Current
g versus Temperature versus Supply Voltage
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Figure 32. Channel Separation versus Frequency Figure 33. Spectral Noise Density
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MC34080 thru MC34085
APPLICATIONS INFORMATION

The bandwidth and slew rate of the MC34080 series is
nearly double that of currently available general purpose
JFET op-amps. This improvement in AC performance is due
to the P-channel JFET differential input stage driving a
compensated miller integration amplifier in conjunction with
an all NPN output stage.

The all NPN output stage offers unique advantages over
the more conventional NPN/PNP transistor Class AB output
stage. With a 10 k load resistance, the op amp can typically
swing within 1.0 V of the positive rail (Vcc), and within 0.3 V
of the negative rail (VEE), providing a 28.7 p—p swing from
+15 V supplies. This large output swing becomes most
noticeable at lower supply voltages. If the load resistance is
referenced to V¢ instead of ground, the maximum possible
output swing can be achieved for a given supply voltage. For
light load currents, the load resistance will pull the output to
V¢ during the positive swing and the NPN output transistor
will pull the output very near VEE during the negative swing.
The load resistance value should be much less than that of
the feedback resistance to maximize pull-up capability.

The all NPN transistor output stage is also inherently
fast, contributing to the operation amplifier’s high
gain—bandwidth product and fast settling time. The
associated high frequency output impedance is 50 Q (typical)
at 8.0 MHz. This allows driving capacitive loads from 0 pF to
300 pF without oscillations over the military temperature
range, and over the full range of output swing. The 55°C
phase margin and 7.6 dB gain margin as well as the general
gain and phase characteristics are virtually independent of
the sink/source output swing conditions. The high frequency
characteristics of the MC34080 series is especially useful for
active filter applications.

The common mode input range is from 2.0 V below the
positive rail (Vo) to 4.0 V above the negative rail (VEE). The
amplifier remains active if the inputs are biased at the positive
rail. This may be useful for some applications in that single
supply operation is possible with a single negative supply.
However, a degradation of offset voltage and voltage gain
may result.

Phase reversal does not occur if either the inverting or
noninverting input (or both) exceeds the positive common
mode limit. If either input (or both) exceeds the negative
common mode limit, the output will be in the high state. The

input stage also allows a differential up to +44 V, provided the
maximum input voltage range is not exceeded. The supply
voltage operating range is from £5.0 V to +22 V.

For optimum frequency performance and stability, careful
component placement and printed circuit board layout should
be exercised. For example, long unshielded input or output
leads may result in unwanted input—output coupling. In order
to reduce the input capacitance, resistors connected to the
input pins should be physically close to these pins. This not
only minimizes the input pole for optimum frequency
response, but also minimizes extraneous “pickup” at
this node.

Supply decoupling with adequate capacitance close to the
supply pin is also important, particularly over temperature,
since many types of decoupling capacitors exhibit large
impedance changes over temperature.

Primarily due to the JFET inputs of the op amp, the input
offset voltage may change due to temperature cycling and
board soldering. After 20 temperature cycles (— 55° to
165°C), the typical standard deviation for input offset voltage
is 559 uV in the plastic packages. With respect to board
soldering (260°C, 10 seconds), the typical standard deviation
for input offset voltage is 525 uV in the plastic package.
Socketed devices should be used over a minimal
temperature range for optimum input offset voltage
performance.

Figure 34. Offset Nulling Circuit

Vee
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Low Power, High Slew Rate,
Wide Bandwidth, JFET Input
Operational Amplifiers

Quiality bipolar fabrication with innovative design concepts are employed
for the MC33181/2/4, MC34181/2/4 series of monolithic operational
amplifiers. This JFET input series of operational amplifiers operates at
210 pA per amplifier and offers 4.0 MHz of gain bandwidth product and
10 V/us slew rate. Precision matching and an innovative trim technique of
the single and dual versions provide low input offset voltages. With a JFET
input stage, this series exhibits high input resistance, low input offset voltage
and high gain. The all NPN output stage, characterized by no deadband
crossover distortion and large output voltage swing, provides high
capacitance drive capability, excellent phase and gain margins, low open
loop high frequency output impedance and symmetrical source/sink AC
frequency response.

The MC33181/2/4, MC34181/2/4 series of devices are specified over the
commercial or industrial/vehicular temperature ranges. The complete series
of single, dual and quad operational amplifiers are available in the plastic
DIP as well as the SOIC surface mount packages.
® | ow Supply Current: 210 pA (Per Amplifier)

Wide Supply Operating Range: £1.5Vto +18 V

Wide Bandwidth: 4.0 MHz

High Slew Rate: 10 V/us

Low Input Offset Voltage: 2.0 mV

Large Output Voltage Swing: =14 V to +14 V (with £15 V Supplies)
Large Capacitance Drive Capability: 0 pF to 500 pF

Low Total Harmonic Distortion: 0.04%

Excellent Phase Margin: 67°

Excellent Gain Margin: 6.7 dB

Output Short Circuit Protection

Offered in New TSSOP Package Including the Standard SOIC and
DIP Packages

e 6 o 6 o ¢ o o o0 o o

ORDERING INFORMATION

Op Amp Operating
Function Device Temperature Range Package
Single MC34181P . . Plastic DIP
MC34181D Ta=0%10+70°C SO-8
MC33181P o o Plastic DIP
MC33181D | TA=T40°10+85°C SO-8
Dual MC34182P . . Plastic DIP
MC34182D Ta=0%10+70°C SO-8
MC33182P . o Plastic DIP
MC331g2D | TA=T40710+85°C SO-8
Quad MC34184P Plastic DIP
MC34184D Ta =0°to +70°C SO-14
MC34184DTB TSSOP-14
MC33184P Plastic DIP
MC33184D Tp =—40°to +85°C SO-14
MC33184DTB TSSOP-14

MC34181,2,4
MC33181,2,4

&

8 1
1

P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751

(SO-8)

PIN CONNECTIONS

(Dual, Top View)

N
14 14\%
1

1

P SUFFIX
PLASTIC PACKAGE
CASE 646

>y

1

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(S0-14)

DTB SUFFIX
PLASTIC PACKAGE
CASE 948G
(TSSOP-14)

PIN CONNECTIONS

N\
Output 1 [1 114] Output 4
i
Inputs 1 {Eq>_l '_@E } Inputs 4
B 1 4ajig]

Vee [4] 1] VEE

5 10
Inputs 2 { E j } Inputs 3
1 el B A T
Output 2 [7 ] 8] Output 3

(Quad, Top View)
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MC34181,2,4 MC33181,2,4

MAXIMUM RATINGS

Rating . Symbol Value Unit
Supply Voltage (from V¢ to VEE) Vs +36 \
Input Differential Voltage Range VIDR Note 1 \
Input Voltage Range VIR Note 1 \
Output Short Circuit Duration (Note 2) tsc Indefinite sec
Operating Junction Temperature Ty +150 °C
Storage Temperature Range Tstg —60 to +150 °C

NOTES: 1. Either or both input voltages should not exceed the magnitude of Vg or VEEg.
2. Power dissipation must be considered to ensure maximum junction temperature (T ) is not
exceeded (see Figure 1).

Representative Schematic Diagram
(Each Amplifier)

Intemal [~ Vee
Bias Q&J »/I

Network  |— l\Qg

. v, O
VEE 22 %%

Null Offsets
MC3X181 (Single) Only

5
1 <————0 VEE
25kQ

MC3X181 Input Offset
Voltage Null Clrcuit
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MC34181,2,4 MC33181,2,4

DC ELECTRICAL CHARACTERISTICS (Vo = +15 V, VEg =-15 V, Ta = 25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg = 50 , Vo =0 V) Vio mV
Single
Ta = +25°C — 0.5 2.0
TA = 0° to +70°C (MC34181) - — 3.0
Ta =—40° to +85°C (MC33181) — — 3.5
Dual
Ta = +25°C — 1.0 3.0
TA = 0° to +70°C (MC34182) - — 4.0
Ta = —40° to +85°C (MC33182) — — 45
Quad
Ta =+25°C — 4.0 10
Ta = 0° to +70°C (MC34184) — — 1
TA = —40° to +85°C (MC33184) — —_ 1.5
Average Temperature Coefficient of Vio (Rg = 50 Q, Vo = 0V) AV|O/AT — 10 — uv/eC
Input Offset Current (Vom =0V, Vo = 0V) llo nA
TA =+25°C — 0.001 0.05
Ta =0°to +70°C — — 1.0
Ta = —40° to +85°C — — 2.0
Input Bias Current (VoM =0V, Vo = 0V) B nA
Ta =+25°C — 0.003 0.1
TA = 0°to +70°C — — 2.0
Ta = —40° to +85°C — — 4.0
Input Common Mode Voltage Range VICR (VEE +4.0 V) to (Voo —2.0V) \"
Large Signal Voltage Gain (R = 10 kQ, Vo =+10 V) AvoL V/imVv
TA =+25°C 25 60 —
TA =Tiow to Thigh 15 - -
Output Voltage Swing (V|p = 1.0 V, R = 10 kQ) Vo+ +13.5 +14 - \
TA =+25°C Vo- — -14 -13.5
Common Mode Rejection (Rg =50 Q, Vom = VIcR, Vo =0V) CMR 70 86 — dB
Power Supply Rejection (Rg=50Q, Vcm=0V,Vo=0V) PSR 70 84 — dB
Output Short Circuit Current (Vjp = 1.0 V, Output to Ground) Isc mA
Source 3.0 8.0 —
Sink 8.0 1 —
Power Supply Current (No Load, Vo =0V) ID pA
Single
TA = +25°C — 210 250
TA =Tiow 1o Thigh —_ — 250
Dual
Ta =+25°C — 420 500
TA =Tiow to Thigh — —_ 500
Quad
TA = +25°C — 840 1000
TA = Tiow to Thigh ‘ — — 1000
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MC34181,2,4 MC33181,2,4

AC ELECTRICAL CHARACTERISTICS (Voc = +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 = 10 kQ, C|_= 100 pF) SR Vius
Ay =+1.0 7.0 10 —
Ay=-1.0 — 10 —
Settling Time (Ay =—-1.0, R = 10kQ, Vo =0V to +10 V Step) ts us
To Within 0.10% — 1.1 —
To Within 0.01% — 1.5 —
Gain Bandwidth Product (f = 100 kHz) GBW 3.0 4.0 —_ MHz
Power Bandwidth (Ay = +1.0, R = 10 kQ, Vo = 20 Vpp, THD = 5.0%) BWp _ 120 — kHz
Phase Margin (<10 V <V < +10 V) fm Degrees
RL =10 kQ — 67 —
RL = 10kQ, C_ =100 pF — 34 —
Gain Margin (-10V <Vp <+10V) Am dB
RL = 10 kQ — 6.7 —
R = 10kQ, C| =100 pF — 3.4 —
Equivalent Input Noise Voltage en — 38 — nV/\Hz
Rg=100Q, f=1.0kHz
Equivalent Input Noise Current in — 0.01 - pA/VHzZ
f=1.0kHz
Differential Input Capacitance Cj — 3.0 — pF
Differential Input Resistance Rj — 1012, — w
Total Harmonic Distortion THD — 0.04 — %
Ay =10, R = 10KkQ, 2.0 Vpp < VO < 20 Vpp, f = 1.0kHz
Channel Separation (R = 10 kQ, 10 V < Vo < +10 V, 0 Hz < f < 10 kHz) — — 120 —_ dB
Open Loop Output Impedance 1Zol — . 200 — Q
(f=1.0 MHz)

Figure 1. Maximum Power Dissipation versus
Temperature for Package Variations

= 2400
z

E &
<C
8 2000 g =
= 8/14Pin E
g 1600 \Plastic =
[=} \ =
2 RN \ TSSOP-14 =
i N <]
4 1200 \\ S0-14 &
° &
; 800 ™ \ N §
NERESSSN ;
= 400 D =
- \ 1t
a (]
o 0 N =>
-55 40 20 0 20 40 60 80 100 120 140 160

TA, AMBIENT TEMPERATURE (°C)

RANGE (V)
- n
o o

(=}

Figure 2. Input Common Mode Voltage Range
versus Temperature
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MC34181,2,4 MC33181,2,4

Figure 3. Input Bias Current
versus Temperature
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Figure 5. Output Voltage Swing
versus Supply Voltage
40

T T T
_ | Ry Connected to Ground
= Tp=25°C
2 30
5 //
&
=
g ” RL=10k_A~ -
L:

c ]
>
a
§ 10
o -

0

0 20 40 60 80 10 12 14 16
Vee, Ve, SUPPLY VOLTAGE (V)
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Figure 4. Input Bias Current versus
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MC34181,2,4 MC33181,2,4

Figure 9. Output Short Circuit Current
versus Temperature

Figure 10. Output Impedance versus Frequency
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MC34181,2,4 MC33181,2,4

Figure 15. Normalized Gain Bandwidth

Product versus Temperature

Figure 16. Output Voltage Overshoot

versus Load Capacitance
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MC34181,2,4 MC33181,2,4

Figure 21. Normalized Slew Rate
versus Temperature

Figure 22. Common Mode Rejection
versus Frequency
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Figure 27. Channel Separation versus Frequency
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Advance Information
Dual Power Operational
Amplifier |

The TCA0372 is a monolithic circuit intended for use as a power
operational amplifier in a wide range of applications, including servo
amplifiers and power supplies. No deadband crossover distortion provides
better performance for driving coils.

TCA0372

DW SUFFIX
PLASTIC PACKAGE
CASE 751G
SOP (12+2+2)L

&

1

DP2 SUFFIX
PLASTIC PACKAGE
CASE 648

L ]
Output Currentto 1.0 A DP1 SUEFIX
® Slew Rate of 1.3 V/us PLASTIC PACKAGE
® Wide Bandwidth of 1.1 MHz CASE 626 e
® Internal Thermal Shutdown
® Single or Split Supply Operation
® Excellent Gain and Phase Margins PIN CONNECTIONS
® Common Mode Input Includes Ground
® Zero Deadband Crossover Distortion TEA_O:{?%
Output A [T] 6] Gnd
Vee [z 15] Gnd
Output B[ 3] [14] Gnd
VEE/Gnd [ 4] 73] Gnd
Representative Block Diagram Inputs B (5] 2] Gnd
v [6] [17] Gnd
* 1 ¢ gc outs A 7 0] Gnd
(5" Current neuts { @ [9]Gnd
¥ e B.iasl
f 2 Monitoring (Top View)
[
*Pins 4 and 9 to 16 are internally connected.
Inv. y
Input !! TCA0372DW
i! Output vee ] [16] Output A
o Output B 2] [5]NC
Nlonint\ﬂ NG 3] [T4]NC
npul
L 4 13
Thermal VEE/Gnd{ L_‘* D } VEg/Gnd
Protection [3] 2]
NC [ TT]Ne
VeE Inputs B [ 7| [10] input -A
Inputs +B [ 8] Input +A
(Top View)
ORDERING INFORMATION
Operating TCAO0372DP1
Device Temperature Range Package | A
nputs
TCA0372DW SOP (12+2+2) L ] p
TCA0372DP1 Ty =-40°to +150°C Plastic DIP }
Inputs B
TCA0372DP2 Plastic DIP
(Top View)
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TCA0372

MAXIMUM RATINGS

Rating Symbol Value Unit

Supply Voltage (from VoG to VEE) Vs 40 v

Input Differential Voltage Range VIDR (Note 1) \

Input Voltage Range VIR (Note 1) \Y

Junction Temperature (Note 2) Ty +150 °C

Storage Temperature Range Tstg -55 to +150 °C

DC Output Current lo 1.0 A

Peak Output Current (Nonrepetitive) l(max) 1.5 A

DC ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEE =-15 V, R_ connected to ground, T = —40° to +125°C.)
Characteristics Symbol Min Typ Max Unit

Input Offset Voltage (Vcpm = 0) Vio mV
Ty =+25°C — 1.0 15
T4: Tiow t0 Thigh — - 20

Average Temperature Coefficient of Offset Voltage AV|o/AT —_ 20 — nv/rec

Input Bias Current (Vom = 0) B — 100 500 nA

Input Offset Current (Vgpm = 0) llo — 10 50 nA

Large Signal Voltage Gain AvoL 30 100 — V/imV
Vo=+10V,R_ =2.0k

Output Voltage Swing (I = 100 mA) VOH \
Ty =+25°C 14.0 14.2 —_
Ty=Tiowto Thigh 13.9 — —
Ty =+25°C VoL — -142 | -14.0
Ty=Towto Thigh — — -13.9

Output Voltage Swing (I = 1.0 A) VoH \
Vcc=+24V,VEE=0V, Ty=+25°C 225 227 —
Vce =+24V, VEE =0V, Ty = Tjow to Thigh 225 — —
Vec=+24V,VEE=0V, Ty =+25°C VoL - 1.3 1.5
Vec=+24V,VEE=0V, Ty=Tiow to Thigh —_ - 1.5

Input Common Mode Voltage Range VICR \
Ty=+25°C VEEg to (Vg -1.0)
TJ = Tiow 10 Thigh VEg to (Vcc-1.8)

Common Mode Rejection Ratio (Rg = 10 k) CMRR 70 90 — daB

Power Supply Rejection Ratio (Rg = 100 Q) PSRR 70 90 — dB

Power Supply Current Ip mA
Ty =+25°C — 5.0 10
Ty = Tiow 10 Thigh - - 14

NOTES: 1. Either or both input voltages should not exceed the magnitude of Vo or VEE.
2. Power dissipation must be considered to ensure maximum junction temperature (T ) is not exceeded.

AC ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEE = 15 V, R|_ connected to ground, Ty = +25°C, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit

Slew Rate (Vin =-10Vto +10 V, R =2.0 k, C{_= 100 pF) SR 1.0 1.4 —_ V/us
Ay =-1.0, Ty = Tiow 10 Thigh

Gain Bandwidth Product (f = 100 kHz, C_= 100 pF, R|_=2.0 k) GBW MHz
Ty=25°C 0.9 1.4 —_
TJ = Tiow 10 Thigh 0.7 - —_

Phase Margin T = Tiow to Thigh om — 65 — Degrees
RL =2.0k, C_=100 pF

Gain Margin Am — 15 — dB
R =2.0k, C_ =100 pF

Equivalent Input Noise Voltage en - 22 - nV/\Hz
Rg =100 Q, f = 1.0 to 100 kHz

Total Harmonic Distortion THD —_ 0.02 — %

Ay =-1.0, R =50 Q, Vo = 0.5 VRMS, f = 1.0 kHz
NOTE: In case VgE is disconnected before V¢, a diode between VEg and Ground is recommended to avoid damaging the device.
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Figure 1. Supply Current versus Suppy Voltage

Figure 2. Output Saturation Voltage

with No Load versus Load Current
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Figure 7. Sine Wave Reponse

5.0 VDIV

200 mV/DIV

t, TIME (100
us/DIV)

Figure 8. Bidirectional DC Motor Control with
Microprocessor—Compatible Inputs

Vee

Vg/2 O—

Vg = Logic Supply Voltage
Must Have Vo > Vs
E1, E2 = Logic Inputs

Figure 9. Bidirectional Speed Control of DC Motors

2A%%
10k 10k

2R3

For circuit stability, ensure that Ry > HI;A Rt

where, Ry = internal resistance of motor.

V.
The voltage available at the terminals of the motoris: Vi = 2 (V4 - TS) + IRgl - Im

where, IRql = 2R3R~ R

and Iy is the motor current.

THERMAL INFORMATION

The maximum power consumption an integrated circuit
can tolerate at a given operating ambient temperature can be
found from the equation:

_ Tmax-TA
PD(TA) RoyA (typ)

where, Pp(TA) = power dissipation allowable at a given
operating ambient temperature.

This must be greater than the sum of the products of the
supply voltages and supply currents at the worst case
operating condition.

TJ(max) =

TA =

ReJA(typ) =

Maximum operating junction temperature
as listed in the maximum ratings section.
Maximum desired operating ambient
temperature.

Typical thermal resistance junction—to—
ambient.
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Low Power JFET Input
Operational Amplifiers

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 commercial and vehicular devices are available in Plastic dual in-line
and SOIC packages.

Low Supply Current: 200 pA/Amplifier
Low Input Bias Current: 5.0 pA

High Gain Bandwidth: 2.0 MHz

High Slew Rate: 6.0 V/us

High Input Impedance: 1012 Q

Large Output Voltage Swing: £14 V
Output Short Circuit Protection

Representative Schematic Diagram
(Each Ampilifier)

TLO62
TLOG64

LOW POWER JFET INPUT
 OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751

(SO-8)

PIN CONNECTIONS

D2y (Top View)
R3 R4
*— NWA—¢—WA—O
D1 Output
< QUAD
T
o
1t A
Lo ,4«
Qs 6 !
N SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 646 CASE 751A
VEE (SO-14)
L L 4 0
PIN CONNECTIONS
ORDERING INFORMATION \
Op Amp Operating Output 1 [T 14] Output 4
Function Device Temperature Range Package Inputs 1 {E 1 4 ikl } Inputs 4
TLO62CD, ACD Ta = 0° 0 +70°C S0-8 P El 172)
TLOB2CP, ACP A=0"t0+ Plastic DIP Voo I T Ve
Dual TLO62VD o o SO-8
TLOB2VP Ta=-40°t0 +85°C Plastic DIP Inputs 2{E 2 A } Inputs 3
TL064CD, ACD Ta = 0° 0 470°C SO-14 ] 1
TLOB4CN, ACN A=0"to+ Plastic DIP Output2 7] 5] Output3
Quad | TLOB4VD . SO-14 .
TLOB4VN Ta =-40°t0 +85°C Plastic DIP (Top View)
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage (from VoG to VEE) Vs +36 \Y
Input Differential Voltage Range (Note 1) VIDR +30 \
Input Voltage Range (Notes 1 and 2) VIR +15 \
Output Short Circuit Duration (Note 3) tsc Indefinite sec
Operating Junction Temperature 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 15 V,
whichever is less.
3. Power dissipation must be considered to ensure maximum junction temperature (T ) is not
exceeded. (See Figure 1.)

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

TLO62AC TLO62C
TLO64AC TLO64C
Characteristics Symbol Min Typ | Max Min Typ | Max Unit
Input Offset Voltage (Rg = 50 Q, Vo = 0V) Vio mvV
Ta =25°C — 3.0 6.0 — 3.0 15
Tp =0°to +70°C —_ — 7.5 - — 20
Average Temperature Coefficient for Offset Voltage AV|o/AT - 10 — — 10 — uv/eC
(Rg=50Q,Vo=0V)
Input Offset Current (Vo =0V, Vo =0V) llo
Ta=25°C - 0.5 100 — 0.5 200 pA
TA = 0° to +70°C — — 2.0 — — 2.0 nA
Input Bias Current (VoM =0V, Vo =0V) 1=
Ta=25°C — 3.0 200 — 3.0 200 pA
Ta =0°to +70°C — — 2.0 — —_— 10 nA
Input Common Mode Voltage Range VicR — | +145 [ +115 | — [ +145 | +11 \%
Ta =25°C -115 | -120 | — -11 | -120| —
Large Signal Voltage Gain (R = 10 kQ, Vo =+10 V) AvoL V/imVv
Ta=25°C 4.0 58 — 3.0 58 —
TA = 0° to +70°C 4.0 — — 3.0 — —
Output Voltage Swing (R = 10 kQ, VIp=1.0V) \
TA=25°C Vo+ +10 | +14 — +10 +14 —
Vo—- — -14 | -10 — -14 | -10
Ta =0°to +70°C Vo+ +10 —_— — +10 —_ —
Vo- — — -10 — — -10
Common Mode Rejection CMR 80 84 —_ 70 84 —_ dB
(Rs =50, VoM = VIcR min, Vo =0V, Tp = 25°C)
Power Supply Rejection PSR 80 86 - 70 86 — dB
(Rs=509Q,Vcm =0V, Vo =0, Tp =25°C) :
Power Supply Current (each amplifier) Ip — 200 250 —_ 200 250 uA
(No Load, Vo =0V, Ta = 25°C)
Total Power Dissipation (each amplifier) Pp —_ 6.0 7.5 - 6.0 75 mw
(No Load, Vo =0V, Tp = 25°C)
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DC ELECTRICAL CHARACTERISTICS (Vg =+15V, VEE =—=15V, Tp = Tjow to Thigh [Note 4], unless otherwise noted.)

. TLO62V TLO64V
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg = 50 ©, Vo = 0V) Vio mV
Ta =25°C — 3.0 6.0 — 3.0 9.0
TA =Tiow to Thigh — — 9.0 — — 15
Average Temperature Coefficient for Offset Voltage AV|o/AT uv/eC
(Rg=50Q,Vpo=0V) — 10 —_ — 10 —
Input Offset Current (Vocm =0V, Vo =0V) llo
Ta =25°C —_ 5.0 100 — 5.0 100 pA
TA = Tiow to Thigh — — 20 — — 20 nA
Input Bias Current (Vopm =0V, Vo =0V) B
Ta =25°C — 30 200 — 30 200 pA
Ta = Tiow to Thigh — — 50 — — 50 nA
Input Common Mode Voltage Range (Tp = 25°C) VICR — | +145 | +115 ]| — [+145 | +115 \
-11.5 | —-12.0 —_ -11.5 | -12.0 —
Large Signal Voltage Gain (R = 10 k@, Vo =+10 V) AyoL V/mV
Ta =25°C 4.0 58 — 4.0 58 —
TA = Tiow to Thigh 4.0 — —_ 4.0 — —
Output Voltage Swing (R = 10kQ, Vip =1.0V) \
Ta=25°C Vo+ +10 +14 — +10 +14 —
Vo- — | 14 ] 10| — | <14 | -0
TA= Tiow to Thigh Vo+ #0 | — — | #10 | — —
Vo- — — | =10 | — — | =10
Common Mode Rejection CMR dB
(Rg =50 Q, Vcm = VIcR min, Vo = 0, Tp = 25°C) 80 84 — 80 84 —
Power Supply Rejection PSR dB
(Rg=500Q,Vecm =0V, Vo =0, Ta =25°C) 80 86 — 80 86 —
Power Supply Current (each amplifier) ID uA
(No Load, Vo =0V, Tp = 25°C) — | 200 | 250 | — | 200 | 250
Total Power Dissipation (each ampilifier) Pp mw
(No Load, Vo =0V, Tp = 25°C) — 6.0 7.5 — 6.0 75
NOTE: 4. Tjoy =~40°C Thigh = +85°C for TL062,4V
AC ELECTRICAL CHARACTERISTICS (Vg = +15 V, VEE =15 V, Tp = +25°C, unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Slew Rate (Vin ==10V to +10 V, R = 10 kQ, C|_ = 100 pF, Ay = +1.0) SR 2.0 6.0 - Vlius
Rise Time (Vjn =20 mV, R = 10 kQ, C|_ = 100 pF, Ay = +1.0) t — 0.1 — us
Overshoot (Vi =20 mV, R = 10 k, C|_ = 100 pF, Ay = +1.0) 0os —_ 10 — %
Settling Time . tg us
(Vec=+15V, VEg =-15V, Ay =-1.0, To within 10 mV — 1.6 -
R =10kQ, Vo =0Vto+10V step) To within 1.0 mV —_— 2.2 —_
Gain Bandwidth Product (f = 200 kHz) GBW — 2.0 —_ MHz
Equivalent Input Noise (Rg = 100 Q, f = 1.0 kHz) en - 47 - nV/Hz
Input Resistance Rj — 1012 — w
Channel Separation (f = 10 kHz) cs — 120 — dB
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Figure 1. Maximum Power Dissipation versus Figure 2. Output Voltage Swing
Temperature for Package Variations versus Supply Voltage
= 2400 40
d s T ]
& 2000 s I ?L = ; gléﬂ
= = =
£ ] A
@ 1600
2 SO-14 8 =
e =
w1200 L 5 o e
= N Q ~
3 ™ NG > /
= N 5 15
= g00f SO-8 1T~ z d
=2 ™~ =
= ™~ < 3 10
>
2 a0 = 9 50 -
- . /
a 0 — 0 “
-55-40 20 0 20 40 60 80 100 120 140 160 0 20 40 60 80 10 12 14 18
Ta, AMBIENT TEMPERATURE (°C) Vce, IVEgl, SUPPLY VOLTAGE (V)
Figure 3. Output Voltage Swing Figure 4. Output Voltage Swing
versus Temperature versus Load Resistance
40 30 T
—_ - | Vco=+15V
>& % >% o4 |— VEE=-15V /,
o o Ta=25°C
g w g P /
= = 74
w ® w18 /
2 x 2
3 3 A
> 15 > 12
- : £
E  10}— Vpc=+15 E
3 50 VEg=-15V 3 60 /%
o> HL,= 10 kQ, K] /J
0
-75 50 25 0 25 5 75 100 125 00.1 02 03 05 07 1.0 20 30 50 70 10
Ta, AMBIENT TEMPERATURE (°C) Ry, LOAD RESISTANCE (k)
Figure 5. Output Voltage Swing Figure 6. Large Signal Voltage Gain
versus Frequency versus Temperature
—~ 3 £ 100
=y C T 1T S Evegetsy
=< RL=10kQ =z 70V ° 15V
~ A = = L = -
g % Vop=isW Vee=-15V Ty=25° R Y -
3 s T \ B s A ~.
] Voc=+12V,VEg=-12V \ £ 40
= 2 <]
P} >
[*] = 30
= 15 2 4
=
=) \ o]
E 10l \ w2
3 B ch =+5.0V, VEE =-50V ]
S 50 LU \ <
) Voo =+25V,VEg=-25V a
0 U A I £ 10
100 1.0k 10k 100 k 10M 10M -75 =50 -25 0 25 50 75 100 125
f, FREQUENCY (Hz) T, AMBIENT TEMPERATURE (°C)

MOTOROLA ANALOG IC DEVICE DATA 2-315



TLO062 TLO64

Figure 7. Open Loop Voltage Gain

Figure 8. Supply Current per Amplifier

and Phase versus Frequency versus Supply Voltage
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Figure 14. Normalized Gain Bandwidth

Figure 13. Power Supply Rejection Product, Slew Rate and Phase
versus Frequency Margin versus Temperature
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Figure 19. AC Amplifier Figure 20. High—Q Notch Filter
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Figure 21. Instrumentation Amplifier
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TLO72C,AC
TLO74C,AC

Low Noise, JFET Input
Operational Amplifiers

These low noise JFET input operational amplifiers combine two LOW NO|SE’ JFET INPUT
state—of-the—art analog technologies on a single monolithic integrated OPERATIONAL AMPLIFIERS
circuit. Each internally compensated operational amplifier has well matched
high voltage JFET input device for low input offset voltage. The BIFET
technology provides wide bandwidths and fast slew rates with low input bias SEMICONDUCTOR
currents, input offset currents, and supply currents. Moreover, the devices TECHNICAL DATA
exhibit low noise and low harmonic distortion, making them ideal for use in
high fidelity audio amplifier applications.

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 products. @
® Low Input Noise Voltage: 18 nV/yHz Typ 8 o
® | ow Harmonic Distortion: 0.01% Typ P ;UFFIX D SUFFIX
® Low Input Bias and Offset Currents PLASTIC PACKAGE PLASTIC PACKAGE
® High Input Impedance: 1012 Q Typ CASE 626 C'gg_g?
® High Slew Rate: 13 V/us Typ
PIN CONNECTIONS

® Wide Gain Bandwidth: 4.0 MHz Typ

® | ow Supply Current: 1.4 mA per Amp Offset Null [} [8] NC
Inv + Input [2f Vee
Noninvt Input [3] 6] Output

TLO72 (Top View)

N SUFFIX
R PLASTIC PACKAGE
CASE 646
14 (TLO74 Only)

PIN CONNECTIONS

\J
ORDERING INFORMATION Output 1 [T} 2] Output4
N 2 13]
Op Amp Operating Inputs 1 {E i } Inputs 4
Function Device Temperature Range Package B 1 4 2
TLO71ACD, CD SO-8
Single TA = 0° to 470°C Vee [4] ju Vee
TLO71ACP, CP Plastic DIP [5] o]
Inputs 2 { j>— } Inputs 3
TLO72ACD, CD SO-8 EFP72] |3 g
Dual Ta = 0°to +70°C
TLO72ACP, CP Plastic DIP Output 2 [7] 8] Output 3
Quad TLO74ACN, CN Ta = 0°to +70°C Plastic DIP TLO74 (Top View)
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MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Vce +18 \Y
VEE -18

Differential Input Voltage Vib +30 \
Input Voltage Range (Note 1) VIDR +15 \
Output Short Circuit Duration (Note 2) tsc Continuous
Power Dissipation

Plastic Package (N, P) Pp 680 mwW

Derate above Tp = +47°C 1/6A 10 mW/°C

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

NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or 15 V,
whichever is less.
2. The output may be shorted to ground or either supply. Temperature and/or supply voltages must
be limited to ensure that power dissipation ratings are not exceeded.

ELECTRICAL CHARACTERISTICS (Vo =+15V, VEE = =15V, TA = Thigh to Tiow [Note 3])

Characteristics Symbol Min Typ Max Unit

Input Offset Voltage (Rg < 10k, Vo = 0) Vio mv
TLO71C, TLO72C — —_ 13
TLO74C - — 13
TLO7_AC — —_ 7.5

Input Offset Current (Vcopm = 0) (Note 4) llo ' nA
TLO7_C . — — 2.0
TLO7_AC - — 2.0

Input Bias Current (Vg = 0) (Note 4) B nA
TLO7_C — — 7.0
TLO7_AC — — 7.0

Large—Signal Voltage Gain (Vo = +10 V, R|_22.0 k) AvoL V/imV
TLO7_C 15 — —_

TLO7_AC 25 — —_

Output Voltage Swing (Peak—to—Peak) Vo \
(RL=10k) 24 — .
(RL22.0k) 20 — —

NOTES: 3.Tjgy = 0°C for TLO71C,AC Thigh = +70°C for TLO71C,AC
TLO72C,AC TLO72C,AC
TLO74C,AC TLO74C,AC

4. Input Bias currents of JFET input op amps approximately double for every 10°C rise in junction temperature as shown in Figure 3. To maintain
junction temperature as close to ambient temperature as possible, pulse techniques must be used during testing.

Figure 1. Unity Gain Voltage Follower Figure 2. Inverting Gain of 10 Amplifier
— A ————
10k
1.0k
O——AN\—4
Vo Vin Vo
Vin .
RL=20k C| =100 pF = RL CL =100 pF
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TLO71C,AC TL072C,AC TLO74C,AC

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

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10k, Vopm = 0) Vio mV
TLO71C, TLO72C — 3.0 10
TLO74C — 3.0 10
TLO7_AC — 3.0 6.0
Average Temperature Coefficient of Input Offset Voltage AV|O/AT — 10 — uv/°C
Rg =50 Q, Tp = Tjow to Thigh (Note 3)
Input Offset Current (Vc\m = 0) (Note 4) llo pA
TLO7_C — 5.0 50
TLO7_AC — 5.0 50
Input Bias Current (Vo = 0) (Note 4) B pA
TLO7_C — 30 200
TLO7_AC —_ 30 200
Input Resistance i — 1012 — Q
Common Mode Input Voltage Range VICR Vv
TLO7_C +10 +15,-12 —
TLO7_AC +11 +15,-12 —
Large—-Signal Voltage Gain (Vo =+10V, R|_2 2.0 k) AvoL V/imV
TLO7_C 25 150 —
TLO7_AC 50 150 —
Output Voltage Swing (Peak-to—Peak) Vo 24 28 — \
(RL=10k)
Common Mode Rejection Ratio (Rg < 10 k) CMRR dB
TLO7_C 70 100 —
TLO7_AC 80 100 —
Supply Voltage Rejection Ratio (Rg < 10 k) PSRR dB
TLO7_C 70 100 -
TLO7_AC 80 100 —
Supply Current (Each Amplifier) Ip — 1.4 25 mA
Unity Gain Bandwidth BW — 4.0 — MHz
Slew Rate (See Figure 1) SR — 13 — vius
Vihn=10V, R =2.0k, C_= 100 pF
Rise Time (See Figure 1) tr — 0.1 — us
Overshoot (Vi =20 mV, R|_=2.0 k, C|_= 100 pF) (o) — 10 — %
Equivalent Input Noise Voltage en — 18 — nV/\VHz
Rg =100 Q, f = 1000 Hz
Equivalent Input Noise Current in — 0.01 — pA/VHz
Rg =100 , f = 1000 Hz
Total Harmonic Distortion THD — 0.01 — %
Vo (RMS) =10V, Rg < 1.0 k, R_22.0 k, f = 1000 Hz
Channel Separation Cs — 120 — dB
Ay =100
NOTES: 3. Tjpy, = 0°C for TLO71C,AC Thigh = +70°C for TLO71C,AC
TLO72C,AC TLO72C,AC
TLO74C,AC TLO74C,AC

4. Input Bias currents of JFET input op amps approximately double for every 10°C rise in junction temperature as shown in Figure 3. To maintain
junction temperature as close to ambient temperature as possible, pulse techniques must be used during testing.
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TLO71C,AC TL072C,AC TL074C,AC

Figure 3. Input Bias Current Figure 4. Output Voltage Swing
versus Temperature versus Frequency
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Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz)
Figure 5. Output Voltage Swing Figure 6. Output Voltage Swing
versus Load Resistance versus Supply Voltage
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Figure 7. Output Voltage Swing Figure 8. Supply Current per Amplifier
versus Temperature versus Temperature
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TLO71C,AC TL072C,AC TLO74C,AC

Figure 9. Large Signal Voltage Gain and Figure 10. Large Signal Voltage Gain
Phase Shift versus Frequency versus Temperature
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Figure 11. Normalized Slew Rate Figure 12. Equivalent Input Noise Voltage
versus Temperature versus Frequency
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Figure 13. Total Harmonic Distortion
versus Frequency
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TLO71C,AC TLO72C,AC TL074C,AC

Representative Schematic Diagram

(Each Ampilifier) ‘ ggz;? n%ig:;:;t%l
Ougm Amplifiers
t t ! ;T T OV
Lq Q4Kl osT\q P/EZ. P&T | |
Q3 /| /I I\ l\ | |
Gt |
- J J2 < | I
" o /a7 E 20k :
| |
[ {7 |
Q23 { {
»—lé‘t 24 f |
| |
Q24 i }
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Q12 Q13 g | J |
o le| sl
g N NN
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Offset o— QEL } !
Null | |
(TLO71 1.5k ? 11/5', k § ‘ i
only) N P — o Ve

10k

Figure 14. Audio Tone Control Amplifier
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10k

Input o— F—— L VWA J A

0.033 uF ¢ 0.033 uF
10k

3.3k

0.033 uF 0.033 uF

100k

68k VEE

——&——0 Qutput

Turn-Over Frequency = 1.0 kHz
Bass Boost/Cut — 320 dB at 20 Hz

= Treble Boost/Cut — £19 dB at 20 kHz

Figure 15. High Q Notch Filter
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©~ 21RC
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2
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@ MOTOROLA

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 BIFET 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 products.
® |nput Offset Voltage Options of 6.0 mV and 15 mV Max
® Low Input Bias Current: 30 pA
® | ow Input Offset Current: 5.0 pA
® Wide Gain Bandwidth: 4.0 MHz
® High Slew Rate: 13 V/us
® | ow Supply Current: 1.4 mA per Amplifier
® High Input Impedance: 1012 Q

Representative Circuit Schematic (Each Amplifier)

Output
° Ve

Lo

[
P R |
ha
|
% |
I_}\QZO Q23 I
Q15 Q19
{014 T‘g 10=|)(FAE w |
7N |
|
|
[
|

TLO81C,AC
TLO82C,AC
TLO84C,AC

JFET INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

3\%

8 1
1

P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 626 CASE 751

(SO-8)

PIN CONNECTIONS

TLO082 (Top View)

) 122 (24
'
a1z} Q13 {ms l——<
Offset A Roae |
Null
(TL381 15k 5k | R
o) L oo Bias Circuitry Vg
Common to All
Amplifiers
ORDERING INFORMATION
Op Amp Operating
Function Device Temperature Range Package
TLO81ACD, CD SO-8
Single TA =0°t0 +70°C
TLO81ACP, CP Plastic DIP
TLO82ACD, CD SO-8
Dual Ta =0°to +70°C
TLO82ACP, CP Plastic DIP
Quad TLO84ACN, CN Ta =0°to +70°C Plastic DIP

N SUFFIX
IR PLASTIC PACKAGE
CASE 646

PIN CONNECTIONS
\J
Output 1 [1] 4] Output 4
Inputs 1 {E\’DJ \_@ﬂ@} Inputs 4
(5] 1 4 B
vee [4] 1] VEE
5l :
Inputs 2 { @j>2—‘ ‘—QE _ } Inputs 3
Output 2 [7 8] Output 3

TLO84 (Top View)
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TLO81C,AC TL082C,AC TL084C,AC

MAXIMUM RATINGS

Rating . Symbol Value Unit
Supply Voltage Vce +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

Plastic Package (N, P) Pp 680 mwW

Derate above Tp = +47°C 1/64A 10 mW/°C

Operating Ambient Temperature Range TA Oto+70 °C
Storage Temperature Range Tstg —65 to +150 °C

NOTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage or 15V,
whichever is less.
2. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be
limited to ensure that power dissipation ratings are not exceeded.

ELECTRICAL CHARACTERISTICS (Vo = +15 V, VEE = =15V, TA = Tjow t0 Thigh [Note 3].)

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10k, Vo = 0) Vio mV
TLO81C, TL082C — — 20
TLO8AC - - 20
TLOS_AC - - 7.5
Input Offset Current (Vgpm = 0) (Note 4) o nA
TLO8_C — — 5.0
TLO8_AC - - 3.0
Input Bias Current (Vg = 0) (Note 4) B nA
TLO8_C — - 10
TLO8_AC - - 7.0
Large—Signal Voltage Gain (Vo= +10 V,RL > 2.0 k) AvoL VimV
TLO8_C 15 - -
TLO8_AC 25 - -
Output Voltage Swing (Peak—to—-Peak) Vo \'
(RL=10k) 24 — _
(RL22.0k) 20 - -
NOTES: 3.T|oy = 0°C for TLOB1AC,C Thigh = +70°C for TLOB1AC
TLOB2AC,C TLO82AC,C
TLOB4AC,C TLO84AC,C

4. Input Bias currents of JFET input op amps approximately double for every 10°C rise in Junction Temperature as shown in Figure 3. To maintain
junction temperature as close to ambient temperature as possible, pulse techniques must be used during testing.

Figure 1. Unity Gain Voltage Follower Figure 2. Inverting Gain of 10 Amplifier
10k
1.0k
O— VW —4
Vo Vin Vo
Vin
R =20k CL =100 pF = RL G =100 pF
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TL081C,AC TL082C,AC TL084C,AC

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

Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg <10k, Vopm = 0) Vio mV
TLO81C, TLO82C — 5.0 15
TLO84C — 5.0 15
TLO8_AC — 3.0 6.0
Average Temperature Coefficient of Input Offset Voltage AV|O/AT — 10 — uv/°eCc
Rg =50 Q, Ta = Tjow to Thigh (Note 3)
Input Offset Current (Vcpm = 0) (Note 4) llo pA
TLO8_C — 5.0 200
TLO8_AC — 5.0 100
Input Bias Current (Vcm = 0) (Note 4) B pA
TLO8_C — 30 400
TLO8_AC — 30 200
Input Resistance i — 1012 — Q
Common Mode Input Voltage Range VICR \%
TLO8_C +10 +15,-12 —
TLO8_AC +11 +15,-12 —
Large Signal Voltage Gain (Vo =+10V, R|_>2.0 k) AvoL V/imV
TLO8_C 25 150 —
TLO8_AC 50 150 —
Output Voltage Swing (Peak-to—-Peak) Vo 24 28 — \
(RL=10k)
Common Mode Rejection Ratio (Rg < 10 k) CMRR dB
TLO8_C 70 100 —
TLO8_AC 80 100 —
Supply Voltage Rejection Ratio (Rg < 10 k) PSRR dB
TLO8_C 70 100 —
TLO8_AC 80 100 —
Supply Current (Each Amplifier) Ip — 1.4 2.8 mA
Unity Gain Bandwidth BW — 4.0 — MHz
Slew Rate (See Figure 1) SR — 13 — Vius
Vin=10V,R_=2.0k, C|_=100 pF
Rise Time (See Figure 1) tr — 0.1 — us
Overshoot (Vi = 20 mV, R = 2.0 k, C|_= 100 pF) 0os — 10 — %
Equivalent Input Noise Voltage en — 25 — nV/AHz
Rg =100 Q, f = 1000 Hz
Channel Separation (o] —_ 120 — dB
Ay =100
NOTES: 3. Tjoy = 0°C for TLOB1AC,C Thigh = +70°C for TLOB1AC
TLO82AC,C TLOB2AC,C
TLOB4AC,C TLO84AC,C

4. Input Bias currents of JFET input op amps approximately double for every 10°C rise in Junction Temperature as shown in Figure 3. To maintain
junction temperature as close to ambient temperature as possible, pulse techniques must be used during testing.
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Figure 3. Input Bias Current

versus Temperature

TL0O81C,AC TL082C,AC TL084C,AC

Figure 4. Output Voltage Swing
versus Frequency

100 TT T T
=—=—= RL=2.0k
~ 3 30 TpA=25°C 4
z — VCCVEE =£15V = VGC/VEE = +15V (See Figure 2)
= 10 5] + 1l
=4 =z 25
: > | I
g £ w 20 +HQV
S 10 g
= 7 5 15
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z 5 10 450V 11|
z o1 =
@ Z 3 s0 N
0.01 ~ 2 0 )
' 75 50 25 5 75 100 1.0k 10k 10M
Ta, AMBIENT TEMPERATURE (°C) f, FREQUENCY (Hz)
Figure 5. Output Voltage Swing Figure 6. Output Voltage Swing
versus Load Resistance versus Supply Voltage
_ T T 11 4° f 20k
& [V =+15V 2 |R=2
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g - (See Figure 2) g 3 P
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Figure 7. Output Voltage Swing Figure 8. Supply Current per Amplifier
versus Temperature versus Temperature
T T 2.0 Z
~ a5 VOOVEE=215V < 18| YCOVEE=*ISV
= (See Figure 2) k3 16 -+
s 0 RL=10k % : T —
= a a E 14
5 = ; 3 12
w =20k g
Z 20 5 1.0
3 15 S 08
> >
5 T 06
T 10 S 04
3 o
- 50 o )2
< 0
0
-50 25 50 75 -50 —25 0 75 100
Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
2-328 MOTOROLA ANALOG IC DEVICE DATA




TLO81C,AC TLO082C,AC TL084C,AC

Figure 9. Large Signal Voltage Gain and
Phase Shift versus Frequency

Figure 10. Large Signal Voltage Gain
versus Temperature

= 1000
€ I I s VCOVEE =215V —
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Figure 11. Normalized Slew Rate Figure 12. Equivalent Input Noise Voltage
versus Temperature . versus Frequency
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Figure 13. Total Harmonic Distortion
versus Frequency
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TLO81C,AC TL082C,AC TL084C,AC

Figure 14. Positive Peak Detector

R1
[ Vin o—WwWA- + R5

Figure 15. Voltage Controlled Current Source
R3

) TLost el
- TLO82 *—O Vg - :
12 | R2
TLO82 » " +
Vin O——£ IN914 =< 10 puF |
I - R4
N If R1 through R4 > > R5 then lgyt = h
Reset *Polycarbonate or out™ "ps
o C/O Polystyrene Capacitor
Figure 16. Long Interval RC Timer Figure 17. Isolating Large Capacitive Loads
R2 51k Vo
VR J—
2oy T CLOS F
R:n\f -20V

c* -l—
R% *Polycarbonate or

Polystyrene Capacitor

Time (t) = R4 Cén (VRIVR-V), R3 = Rg, Rg = 0.1 Rg
IfR1=R2:t= 0.693 RAC

Design Example: 100 Second Timer
VR=10V C=10mF R3=R4=144M
R6=20k R5=20k R1=R2=1.0k

* Overshoot < 10%

e t5=10ps
* When driving large Cy, the VQ slew rate is determined by C|_
and lo(max):
AVg ||
‘AtQ =6QL = %%2 Vius = 0.04 Vs (with C_shown)
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Addendum
Operational Amplifier
Application Information
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OPERATIONAL AMPLIFIER APPLICATION INFORMATION

The Ideal Operational Amplifier

An ideal op amp has infinite input impedance, infinite gain,
and zero output impedance. Its output is proportional to the
differential voltage between the inputs. In reality, slight

Ideal Op Amp

a—> o

25=0

ESD Protection

Newer Motorola devices are equipped with either
electrostatic discharge (ESD) diodes or CEO clamps on the
inputs to increase their reliability. ESD diodes are connected
with the anode attached to the input and the cathode to Vcc.
During normal operation, the diode should be transparent to
the user. However, if the input exceeds Vo by more than a
diode drop, the ESD diode will be forward biased and will
provide a current path from the input to Vcc. Unless the
current is limited externally the device could be damaged
from overheating.

ESD Diodes
+Voe
A
—e—o0
-VEE

mismatches between the inputs create an error voltage and
current, the input impedance is finite, requiring a small bias
current, and gain and operating frequency are limited.

Equivalent Circuit for Actual Op Amp

An alternate scheme uses a CEO transistor clamp with the
collector connected to the input and the emitter and base
connected to VEg. This ESD protection method is totally
transparent to the user. Although it is not recommended that
the inputs be allowed to exceed Vg, the CEO clamp will not
affect device operation. The inputs should never exceed VEE,
with or without ESD protection. Single supply op amps are
particularly sensitive to damage in a reverse bias condition.

If ESD protection is used on an amplifier, the ESD scheme
used will be identified in the data sheet.

CEO Clamps
+Voe

-VEE

2-332

MOTOROLA ANALOG IC DEVICE DATA



JFET Inputs versus Bipolar Inputs

Although JFET input op amps are generally associated
with high speed, there are now bipolar input op amps with
comparable slew rates. JFETS do offer higher input
impedance and lower input bias current than a typical bipolar
input. But for the lowest noise and offset voltage, a bipolar

Phase Reversal

Most op amp data sheets describe both a maximum input
voltage and a minimum common mode input voltage range
for the device. The input voltage limit given in the Maximum
Ratings Table is considered to be the highest voltage that can
be applied without damaging the device. It does not
guarantee the device will function normally or within the given
electrical specifications. The input common mode voltage
range (V|CR), on the other hand, provides the maximum input
voltage (for the conditions listed) for normal operation.
Exceeding the input common mode range may cause the
device to exceed the electrical specifications, latch or go into
phase reversal. (As shown in figure at right.)

In a latch condition, the op amp output goes to one of the
supply rails, and will remain in that state until the power is
removed and reapplied with the error condition corrected. In
phase reversal, a normal output low would be seen as an

output high, but phase reversal will self correct once the
input drops below a certain level. The input voltage required
for phase reversal to occur varies, but it is usually seen if the
input voltage approaches or exceeds the supply voltage. As
you can see in the figure the output is clipping on the negative

Thermal Considerations

Thermal resistance (64 ) information is given on most
packages in the back of the data book. Low power op amps
can handle a short circuit current condition indefinitely. Since
some of the higher current drive op amps can deliver a

Ty=Ta+PpQuA

Ty = Junction Temperature (Should not exceed 150°C)
TA = Ambient Temperature

Pp = Power Dissipation

QA = Package Thermal Impedance

input op amp is a better choice. A bipolar input is also
required for true single supply operation. Any op amp can be
operated with one supply. But the common mode input
voltage range of a single supply op amp includes ground.

peaks, and phase reversing on the positive peaks. But as the
input drops on the negative going part of the waveform, the
output returns the the correct state without powering down
the device.

hundred milliamps to an amp in a short circuit condition, extra
care is needed to ensure that the maximum junction
temperature of the part is not exceeded.
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Stability and Compensation

Most op amps are internally compensated, enabling them
to be used in a unity gain configuration. Uncompensated or
decompensated amplifiers have a higher slew rate if no
external compensation capacitor is used, but must either be
used in a gain of 2 or more or with positive feedback to
ensure stable operation. When externally compensating an
amplifier, use a capacitor equal or greater than the value
recommended in the data sheet. Since the external loop
affects the stability of the op amp, the amplifier needs to be
evaluated in the circuit and over temperature to determine
the minimum amount of compensation required.

Insufficient compensation will cause a high frequency
oscillation — higher than the unity gain frequency of the
device. This high frequency oscillation is indicative of an
instability in the Miller loop, internal to the device. Lower
frequency oscillation (below the unity gain frequency of the
amplifier) is generally caused by an instability in the outer
loop.

The two primary causes of low frequency oscillation are
capacitive loading on the output and high differential source
resistance. Capacitive loading, which can be either

Figure A. Compensation Circuit
for Moderate Capacitive Loads

R2

Rc

CL

:
i

distributed capacitance or an actual load capacitor, can be a
problem with as little as 100 pF. Sensitivity to -load
capacitance varies from op amp to op amp and is not always
given in the data sheets. To compensate for capacitive
loading, add a small resistor in series with the output.
Depending on the load and the external loop, 10 Q to 100 Q
is generally sufficient (see Figure A). For high capacitive
loading, (C>1500 pF) a capacitor in the feedback loop may
also be necessary (see Figure B).

Keeping the differential source resistance low not only
limits the noise generated in the circuit, but avoids stability
problems as well. Most op amps are stable with a source
resistance of up to 2 kQ, but will vary from op amp to op amp.
The differential source resistance (which includes any
feedback resistance) combines with the input capacitance of
the op amp to create a low frequency pole. The higher the
resistance, the more likely you are to have an oscillation
problem. Adding a small capacitor in parallel with the
feedback resistor may solve the problem (see Figure C). The
capacitor should be greater than the input capacitance of the
op amp which is typically about 10 pF.

Figure B. Compensétion Circuit

for High Capacitive Loads
R2
—\W-
Cc
—
Rc
R1

CL

I

i

Figure C. Compensation for
High Source Impedance

R2

VA
Cc

R1
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Layout Considerations

Higher frequency op amps may require special attention to
layout. Since most layout problems are not reflected in
computer simulations, it is worth it to follow proper layout
rules consistently. Some suggestions:

® Alwaysbypass the supply pins with at least 0.01 uF to ground,

whether or not it is a high frequency application. Some
amplifiers have a much lower power supply rejection with
respect to the negative supply than to the positive supply due
to the internal compensation. A larger bypass capacitor from
VEE to ground may be used to prevent high frequency
transients from appearing on the output. Generally 10 uF to 20

Test Information

The following circuit can be used to test V|0, l|0, and ||B.
Op Amp A is the device under test, and Op Amp B is a buffer
amplifier which reduces CMRR errors and improves the
accuracy of the measurement. The 30 nF capacitors across
the 10k Q source resistors are for stability and may not be
needed.

A) Without Buffer Amplifier

uF is sufficient. Sk
SW1
® Make sure you have a good ground plane.
® Keep AC and DC grounds separate. 30ﬂ
® Don't use proto boards or wire wrap for high frequency ok | A L Vo
circuits. 10kQ +
® Use appropriate external components — avoid 003 500 30 F
electrolytics in high frequency paths.
® Keep high frequency paths short (including the leads on swz2
discrete components). =
® Ground the inputs of unused op amps.
B) With Buffer Amplifier
50 kQ
VW
P SW1 16nF
- 16nF 50Q {€
30 nF
10kQ A | V\
10ka 100 kQ2 B ° Vo
30 nF +
50Q3 5003 ¢—]
S swe

Vjo can be measured directly with SW1 and SW2 closed.

To determine Ijg:
® Measure V|o with both switches close,
® Open SW1 only; Measure V|01

To determine I,
e Close SW1 and open SW2; Measure V|p2
ljo equals the difference between Iig . and Ijg—
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GLOSSARY

Input Offset Voltage (V|0) — The voltage which must be
applied between the inputs of an op amp to obtain a zero
output voltage. For an ideal op amp, V|0 would be zero. Some
vendors abbreviate it VOs.

Input Bias Current (1jg) — The current flowing in or out of both
inputs of an op amp. JFET input op amps provide the lowest
input bias current; typically in the picoamp range. A bipolar
input op amp is typically in nanoamps. ljg is highly sensitive to
slight process variations and can vary an order
of magnitude.

Input Offset Current (1j0) — Ideally, the bias currents on the
two inputs are equal. The input offset current is the difference
between the two currents when the output is at zero volts.
Sometimes abbreviated Igs. This should not be confused with
the output short circuit current (ISC).

Input Common Mode Voltage Range (V|cR) — The
maximum input voltage range for normal operation within
given specifications. Exceeding the input common mode
range generally will not damage the inputs if the maximum
ratings are not exceeded. However, Vio may not meet the
specification given in the data sheet, and phase reversal may
occur as the input voltage approaches Vcc or VEE.
Sometimes abbreviated Vgm.

Common Mode Rejection Ratio (CMR or CMRR) — CMRR
is defined as the ratio of the common mode gain to the
differential mode gain. It is also equal to the ratio of the input
common mode voltage to the peak-to—peak change in V|Q.
Measures the ability of an op amp to reject a signal present at
both inputs simultaneously. May be given in dB or volts
per volt.

Power Supply Rejection Ratio (PSR or PSRR) — The ratio
of the change in V| to the change in power supply voltage.
Measures the immunity of the amplifier to changes in power
supply voltage.

Output Short Circuit Current (Igc) — The maximum current
an amplifier can deliver into a short circuit. Care must be
exercised to ensure the maximum junction temperature of the
device is not exceeded to prevent damage to the device.

Supply Current (Ip or iIcc) — The operating current required
with no load and with the output at zero volts.

Slew Rate (SR) — The rate of change of the output voltage in
response to a large amplitude pulse applied to the input. The
slew rate determines the power bandwidth of the device.

Gain Bandwidth Product (GBW) — The product of the
closed-loop gain times the frequency response at a given
frequency. For an op amp with a single pole roli—off, the gain
bandwidth product is equal to the unity gain frequency.

Phase Margin (¢)j) — 180° minus the phase shift at the unity
gain frequency of the device. The phase margin must be
positive for unconditionally stable operation. Phase margin
(and stability) are affected by the external circuit, particularly
the capacitive loading on the output and the differential source
resistance on the input.

Channel Separation (CS) — A measurement of the immunity
of one op amp to a signal present on another ampilifier in a dual
or quad.

Power Bandwidth (BWP) — The frequency at which the
output starts to clip or distort at maximum peak-to—peak
input voltage.

2-336
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Power Supply Circuits

In Brief. ..

In most electronic systems, some form of voltage
regulation is required. In the past, the task of voltage
regulator design was tediously accomplished with discrete
devices, and the results were quite often complex and costly.
Today, with bipolar monolithic regulators, this task has been
significantly simplified. The designer now has a wide choice
of fixed, low Vpijff and adjustable type voltage regulators.
These devices incorporate many built—in protection
features, making them virtually immune to the catastrophic
failures encountered in older discrete designs.

The switching power supply continues to increase in
popularity and is one of the fastest growing markets in the
world of power conversion. They offer the designer several
important advantages over linear series—pass regulators.
These advantages include significant advancements in the
areas of size and weight reduction, improved efficiency, and
the ability to perform voltage step—up, step—down, and
voltage—inverting functions. Motorola offers a diverse
portfolio of full featured switching regulator control circuits
which meet the needs of today’s modern compact electronic
equipment.

Power supplies, MPU/MCU-based systems, industrial
controls, computer systems and many other product
applications are requiring power supervisory functions
which monitor voltages to ensure proper system operation.
Motorola offers a wide range of power supervisory circuits
that fulfill these needs in a cost effective and efficient
manner. MOSFET drivers are also provided to enhance the
drive capabilities of first generation switching regulators or
systems designed with CMOS/TTL logic devices. These
drivers can also be used in dc-to—dc converters, motor
controllers or virtually any other application requiring high
speed operation of power MOSFETs.
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Linear Voltage Regulators

Fixed Output

These low cost monolithic circuits provide positive and/or Although designed primarily as fixed voltage regulators,
negative regulation at currents from 100 mA to 3.0 A. They are these devices can be used with external components to obtain
ideal for on—card regulation employing current limiting and adjustable voltages and currents.

thermal shutdown. Low Vpjff devices are offered for battery
powered systems.

Table 1. Linear Voltage Regulators

. Typ. Temp.
25°C Vin—Vout Redline Regjoad | Coefficient
Tol. Vin Diff. Max Max mV (Vout) Suffix/
Device Vout +% Max Typ. (% Vout) (% Vout) oc .| Package
Fixed Voltage, 3—Terminal Regulators, 0.1 Amperes
LM2931*/A-5.0* 5.0 5.0/3.8 40 0.16 0.6 1.0 0.2 D/751,
D2T/936,
DT, DT,
T/221A, 2
LP2950C*/AC* 3.0 0.5 30 0.38 0.2/0.1 0.2/0.1 0.04 DT-3.0,
Z-3.0
3.3 DT-3.3,
) Z-3.3
5.0 DT-5.0,
Z-5.0
MC78LXXC/AC/AB* 5.0,8.0,9.0 8.0/4.0 30 1.7 4.0/3.0 1.2 0.2 D/751, P29
MC78LXXC/AC/AB* 12,15,18 8.0/4.0 35 1.7 2.0 1.0 0.2 D/751, P29
MC78L24C/AC/AB* 24 8.0/4.0 40 1.7 2.0 1.0 0.2 D/751, P29
MC79L05C/AC/AB* -5.0 8.0/4.0 30 1.7 4.0/3.0 1.2 0.2 D/751, P/29
MC79LXXC/AC/AB* —(12, 15, 18) 8.0/4.0 35 1.7 2.0 1.0 .02 D/751, P/29
MC79L24C/AC/AB* —24 8.0/4.0 40 1.7 2.0 1.0 0.2 D/751, P/29
MC33160™ 5.0 5.0 40 2.0 0.8 1.0 - P/626
Fixed Voltage, 3—Terminal Regulators, 0.5 Amperes
MC78MXXB*/C 5.0,6.0,8.0,12 4.0 35 2.0 1.0 2.0 +0.04 DT, DT-1,
T/221A
MC78MXXB*/C 15,18 . 4.0 35 2.0 1.0 2.0 +0.04 DT, DT-1,
T/221A
MC78MXXB*/C 20,24 4.0 40 2.0 0.25 2.0 +0.04 DT, DT-1,
T/221A
MC79MXXB*/C —(5.0, 8.0, 12, 15) 4.0 35 1.1 1.0 2.0 -0.07 to DT, DT,
+0.04 T/221A
MC33267* 5.05 2.0 40 0.58 1.0 1.0 - D2T/936A,
T/314D, TV
Fixed Voltage, 3—Terminal Medium Dropout Regulators, 0.8 Amperes
MC33269-XX* 3.3,5.0,12 1.0 20 1.0 0.3 1.0 - D/751, DT,
T/221A
MC34268 285 1.0 15 0.95 0.3 1.0 - D/751, DT

Unless otherwise noted, T = 0° to +125°C
*  Ty=-40°to +125°C
** Tp =-40°to +85°C
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Table 1. Linear Voltage Regulators (continued)

Typ. Temp.
25°C Vin—Vout Regjine Regjoad | Coefficient
Tol. Vin Diff. Max Max mV (Vout) Suffix/
Device Vout % Max Typ. (% Vout) (% Vout) °C Package
Fixed Voltage, 3-Terminal Regulators, 1.0 Amperes
MC78XXB*/C/AC 5.0,6.0,8.0,12, | 4.0/2.0 35 2.0 2.0/1.0 2.0 -0.06 to D2T/936,
18 -0.22 T/221A
MC7824B*/C/AC 24 4.0/2.0 40 2.0 2.01.0 2.0/0.4 0.125 D2T/936,
T/221A
MC79XXC/AC ~(5.0, 5.2, 6.0) 4.0/2.0 35 2.0 2.0/1.0 2.0 -0.2 D2T/936,
T/221A
MC79XXC/AC -(8.0,12,15,18) | 4.0/2.0 35 2.0 2.011.0 2.0/1.25 -0.12to0 D2T/936,
-0.06 T/221A
MC7924C -24 4.0 40 2.0 1.0 2.0 -0.04 D2T/936,
T/221A
LM340/A-XX 5.0,6.0, 12, 15, 18 | 4.0/2.0 35 17 1.0/0.2 1.0/0.5 10.12 T/221A
LM340-24 24 4.0 40 1.7 1.0 1.0 10.12 T/2218
TL780-XXC 5.0,12,15 1.0 35 2.0 0.10 0.5 0.012 KC
Fixed Voltage, 3-Terminal Regulators, 3.0 Amperes
MC78TXXC/AC 5.0,8.0, 12 4.0/2.0 35 25 0.5 0.6 0.04 T/221A
MC78T15C/AC 15 4.02.0 40 25 05 0.6 0.04 T/221A
LM323/A 5.0 4.0/2.0 20 2.3 0.5/0.3 2.0/1.0 +0.2 T/221A
Unless otherwise noted, T = 0° to +125°C
* Ty=-40°to +125°C
** Tp=—40°t0 +85°C
Table 2. Fixed Voltage Medium and Low Dropout Regulators
Typ.
Temp.
25°C lo Vin—Vout Regjine Regjoaq | Coefficient
Tol. (mA) Vin Diff. Max Max mV (Vout) | Suffix/
Device Vout % Max Max Typ. (% Vout) | (% Vout) °C Package
Fixed Voltage, Medium Dropout Regulators
MC33267* 5.05 2.0 500 40 0.58 1.0 1.0 - D2T/936A,
T/314D,
TV
MC34268 2.85 1.0 800 15 0.95 0.3 1.0 D/751, DT
MC33269-XX* 3.3,5.0,12 20 1.0 D/751, DT,
T/221A
Fixed Voltage, Low Dropout Regulators
LM2931*/A* 5.0 5.0/3.8 | 100 37 0.16 1.12 1.0 2.5 D/751,
D2T/936A,
DT, DT-1,
T/221A, 2
LP2950C*/AC* 3.0 1.0/0.5 100 30 0.38 0.2/0.1 0.2/0.1 0.2 DT-3.0,
Z-3.0
3.3 DT-3.3,
Z-3.3
5.0 DT-5.0,
Z-5.0

Unless otherwise noted, Ty = 0° to +125°C
*  Ty=-40°to +125°C
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Table 2. Fixed Voltage Medium and Low Dropout Regulators (continued)

Typ.
Temp.
25°C lo Vin—Vout Regjine Regjoad | Coefficient
~ Tol. (mA) Diff. Max Max mV (Vout) | Suffix/
Device Vout 1% Max Max Typ. (% Vout) | (% Vout) °C Package
Fixed Voltage, Low Dropout Regulators
LP2951C*/AC* 3.0 1.0/0.5 | 100 28.75 0.38 0.04/0.02 | 0.04/0.02 +1.0 D-3.0/751,
DM-3.0/
846A,
N-3.0/626
3.3 D-3.3/751,
DM-3.3/
846A,
N-3.3/626
5.0 D/751,
DM/846A,
N/626
LM2935* 5.0/5.0 5.0/5.0 | 500/10 0.45/0.55 1.0 1.0 - D2T/936A,
T/314D,
TH, TV
Unless otherwise noted, Tj = 0° to +125°C
* Ty=-40°to +125°C
Adjustable Output
Motorola offers a broad line of adjustable output voltage output voltages for industrial and communications

regulators with a variety of output current capabilities.
Adjustable voltage regulators provide users the capability of
stocking a single integrated circuit offering a wide range of

Table 3. Adjustable Output Regulators

applications. The three—terminal devices require only two
external resistors to set the output voltage.

lo
(mA) Vin

Device Vout Max Max

Typ. Temp.
Coefficient
mV (Vout)
(% Vout) °C

Vin—Vout Regjine Regjoad
Diff. Max Max

Typ. (% Vout)

Suffix/
Package

Adjustable Regulators

LM317L/B* 2.0-37 100 40

1.9 0.07 1.5 +0.35 D/751,Z

LM2931C* 3.0-24 100 37

0.16 1.12 1.0 +2.5 D/751,
D2T/936A,
T/314D,

TH, TV

LP2951C*/AC* 1.25-29 100 28.75

0.38 0.04/0.02 0.04/0.02 +1.0 D-3.0/751,
DM-3.0/
846A,

N-3.0/626

D-3.3/751,
DM-3.3/
846A,
N-3.3/626

D/751,
DM/846A,
N/626

MC1723C# 2.0-37 150 38

2.5 0.5 0.2 +0.033 D/751,

P/646

Unless otherwise noted, T = 0° to +125°C
* Ty=-40°to +125°C
# Tp=0°t0+70°C
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Table 3. Adjustable Output Regulators (continued)

Typ. Temp.
lo Vin—Vout Regjine Regjoad | Coefficient
(mA) Vin Diff. Max Max mV (Vout) Suffix/
Device Vout Max Max Typ. (% Vout) (% Vout) ¢ | Package
Adjustable Regulators
LM317M/B* 1.2-37 500 40 2.1 0.04 0.5 +0.35 DT, DT-1,
T/221A
LM337M/B* —(1.2-37) 500 40 1.9 0.07 1.5 +0.3 T/221A
MC33269* 1.25-19 800 18.75 1.0 0.3 0.5 +0.4 D/751, DT,
T/221A
LM317/B* 1.2-37 1500 40 2.25 0.07 1.5 +0.35 D2T/936,
T/221A
LM337/B* —(1.2-37) 1500 40 2.3 0.07 1.5 +0.3 D2T/936,
T/221A
LM350/B* 1.2-33 3000 35 2.7 0.07 1.5 +0.5 T/221A

Unless otherwise noted, T = 0° to +125°C
¥ Ty=-40°to +125°C
# Tpa=0°to+70°C

Micropower Voltage Regulators for Portable Applications
80 mA Micropower Voltage Regulator

MC78LCOOH, N ORDERING INFORMATION
Ta =—30° to +80°C, Case 1213, 1212 Output Operating
’ ’ Device Voltage | Temperature Range | Package
The MC78LCO0O0 series voltage regulators are specifically MC78LC30HT1 30
designed for use as a power source for video instruments, MC78LC33HT1 3'3
handheld communication equipment, and battery powered MC78LC40HT1 4:0 SOT-89
equipment. MC78LC50HTA 5.0

The MC78LCOO series features an ultra—low quiescent of
1.1 pA and a high accuracy output voltage. Each device
contglns a voltage reference,_ an error amplifier, a driver MC78LCAONTR 40
transistor and resistors for setting the output voltage. These

) . o . MC78LC50NTR 5.0
devices are available in either SOT-89, 3 pin, or SOT-23, 5
pin, surface mount packages. Other voltages from 2.0t0 6.0V, in 0.1 V incrgment§, are avgilabie upon
request. Consult your local Motorola sales office for information.

Tp = —30° to +80°C
MC78LC30NTR 3.0

MC78LC33NTR 3.3 SOT-23

MC?78LCO00 Series Features:

o Low Quiescent Current of 1.1 pA Typical

o Low Dropout Voltage (30 mV Typical)

¢ Excelient Line Regulation (0.1%) |
« High Accuracy Output Voltage (+2.5%) {
¢ Wide Output Voltage Range (2.0 V to 6.0 V) |
¢ Output Current for Low Power (80 mA Typical) b

¢ Two Surface Mount Packages (SOT-89, 3 Pin, or i ; - S .
I : .
[ Vit | : .

SOT-23, 5 Pin)
D e e s i o s i it 20 Gnd

2 [ T e e e e e ey ey e e 3

o SES—— : i
| |
Vin R fﬁt i ' % #i, | Vout

:
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Micropower Voltage Regulators for Portable Applications (continued)
120 mA Micropower Voltage Regulator

MC78FCO0H ORDERING INFORMATION
= —130° o Output Operating
TaA =-30° to +80°C, Case 1213 Device Voltage | Temperature Range | Package
The MC78FCO00 series voltage regulators are specifically MC78FC30HTA 3.0
designed for use as a power source for video instruments, MC78FC33HTA 3'3
handheld communication equipment, and battery powered MC78FC40HT1 4:0 Ta=-30°1t0 +80°C | SOT-89
equipment. MC78FC50HT1 5.0

The MC78FCOO series voltage regulator ICs feature a high
accuracy output voltage and ultra—low quiescent current.
Each device contains a voltage reference unit, an error
amplifier, a driver transistor, and resistors for setting output
voltage, and a current limit circuit. These devices are
available in SOT-89 surface mount packages, and allow
construction of an efficient, constant voltage power supply Vi
circuit.

MC78FCO00 Series Features:
o Ultra—Low Quiescent Current of 1.1 pA Typical

r
I
|
|
|
|
o Ultra—Low Dropout Voltage (0.5 V Typical) | >__
e Large Output Current (120 mA Typical) { S
|
|
|
|
L

Other voltages from 2.0 t0 6.0V, in 0.1 V increments, are available upon
request. Consult your local Motorola sales office for information.

o Excellent Line Regulation (0.1%)

¢ Wide Operating Voltage Range (2.0 V to 10 V) Vref
» High Accuracy Output Voltage (+2.5%) [ 1
¢ Wide Output Voltage Range 2.0Vto60V) Gond
e Surface Mount Package (SOT-89)
Micropower Voltage Regulator for External Power Transistor
MC78BCOON ORDERING INFORMATION
—_30° o Output Operating
Ta =-30° to +80°C, Case 1212 Device Voltage | Temperature Range | Package
The MC78BCO0 voltage regulators are specifically MC78BC3ONTR 3.0
designed to be used with an external power transistor to MC78BC33NTR 3'3
deliver high current with high voltage accuracy and low MC78BCAONTR 40 Ta=-30°to +80°C | SOT-23
quiescent current. MC78BCSONTR 5.0

The MC78BCO00 series are devices suitable for
constructing regulators with ultra—low dropout voltage and
output current in the range of several tens of mA to hundreds
of mA. These devices have a chip enable function, which
minimizes the standby mode current drain. Each of these EXTO 4
devices contains a voltage reference unit, an error amplifier, o e e e 3

a driver transistor and resistors. These devices are available % “ 1| Vout

Other voltages from 2.0 t0 6.0 V, in 0.1 V increments, are available upon
request. Consult your local Motorola sales office for information.

or

=<
S

in the SOT-23, 5 pin surface mount packages.

These devices are ideally suited for battery powered
equipment, and power sources for hand-held audio
instruments, communication equipment and domestic
appliances.

|
|
|
|
|
|
, I = &
MC78BC00 Series Features: | 3
|
|
I
I
L

o Ultra—Low Supply Current (50 pA)
* Standby Mode (0.2 pA)
¢ Ultra—Low Dropout Voltage (0.1 V with External

Transistor and Ig = 100 mA) e i_ _______ 4 Gnd
o Excellent Line Regulation (Typically 0.1%/V) EOS
e High Accuracy Output Voltage (+2.5%)
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Micropower Voltage Regulators for Portable Applications (continued)
Micropower Voltage Regulators with On/Off Control

MC33264D, DM
TA =—40° to +85°C, Case 751, 846A

The MC33264 series are micropower low dropout voltage
regulators available in SO-8 and Micro-8 surface mount
packages and a wide range of output voltages. These
devices feature a very low quiescent current (100 pA in the
ON mode; 0.1 pA in the OFF mode), and are capable of
supplying output currents up to 100 mA. Internal current and
thermal limiting protection is provided.

¢ Internal Current and Thermal Limiting
¢ Logic Level ON/OFF Control
o Functionally Equivalent to TK115XXMC and LP2980

ORDERING INFORMATION

Additionally, the MC33264 has either active HIGH or Operating
active LOW control (Pins 2 and 3) that allows a logic level Device Temperature Range Package
signal to turn—off or turn—on the regulator output. MC33264D-2.8
Due to the low input-to—output voltage differential and M033264D—3.0
bias current specifications, these devices are ideally suited MC33264D _3:3
for .battery powered computgr, consumer, and mdqstngl MC33264D-3.8 s0-8
equipment where an extension of useful battery life is MC33264D—4.0
desirable. MC33264D—4.75
. MC33264D-5.0
MC33264 .Features. . . Tp = —40° to +85°C
o Low Quiescent Current (0.3 pA in OFF Mode; 95 pA in MC33264DM-2.8
ON Mode) mge'ggﬁ“gm—&o
o Low Input—to—Output Voltage Differential of 47 mV at 10 McgszngMjg Micro-8
mA, and 131 mV at 50 mA MC33264DM—4.0
o Multiple Output Voltages Available MC33264DM-4.75
o Extremely Tight Line and Load Regulation MC33264DM-5.0
o Stable with Output Capacitance of Only
0.33 uF for 5.0 V, 6.0 V and 4.75 V Output Voltages
0.22 pF for 2.8 V, 3.0 V and 3.3 V Output Voltages
{ [ 7~ i o e e o
T Vini ' L VAR Vot T
= ) Thermal and 1 =
| Anti-Sat y 107
| | Protection
| T Se
on/oft :
I
&9
-
|
[ ;
| .
| , ” }
. >
] ogled 1w
L ‘IMcaszeal . Jls
m [ S—— Py ) b iy re)
e i s i s i s i s s s s Sl Gl
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Special Regulators

Voltage Regulator/Supervisory
Table 4. Voltage Regulator/Supervisory

Vout Vin
v) lo ) .
(mA) Regjine Regjoad TA Suffix/
Device Min Max Max Min Max (mV) Max (mV) Max (°C) Package
MC33128* 2.9 3.1 35 3.2 7.0 n/a ‘ 30 —30 to +60 D/751B
29 3.1 60 40
29 3.1 20 25
-2.65 -2.35 1.0 20
MC34160 4.75 5.25 100 7.0 40 40 50 0to+70 P/648C,
MC33160 ) —40 to +85 DWi751G
MC33267 4.9 5.2 500 6.0 26 50 50 —40 to +105 T/314D,
TH, TV
MC33169* 4.7 6.4 - 2.7 9.5 - - —40 to +85 DTB/948G
6.4 7.0
-2.35 -2.65

*

These ICs are intended for powering cellular phone GaAs power amplifiers and can be used for other portable applications as well.
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Voltage Regulator/Supervisory (continued)
Microprocessor Voltage Regulator and Supervisory Circuit

MC34160P, DW
TA = 0° to +70°C, Case 648C, 751G

MC33160P, DW
TA = —40° to +85°C, Case 648C, 751G

The MC34160 series is a voltage
regulator and  supervisory  circuit
containing many of the necessary
monitoring  functions  required  in
microprocessor based systems. It is
specifically designed for appliance and
industrial applications offering the designer
a cost effective solution with minimal
external components. These integrated
circuits feature a 5.0 V, 100 mA regulator
with short circuit current limiting, pinned out
2.6 V bandgap reference, low voltage reset
comparator, power warning comparator
with programmable hysteresis, and an
uncommitted comparator ideally suited for
microprocessor line synchronization.

Additional features include a chip disable
input for low standby current, and internal
thermal shutdown for over temperature
protection.

These devices are contained in a 16 pin
dual-in-line heat tab plastic package for
improved thermal conduction.

Low Dropout Regulator

MC33267T, TV
TJ =-40° to +105°C, Case 314D, 314B

The MC33267 is a positive fixed 5.0 V
regulator that is specifically designed to
maintain proper voltage regulation with an
extremely low input-to—output voltage
differential. This device is capable of
supplying output currents in excess of 500
mA and contains internal current limiting and
thermal shutdown protection. Also featured
is an on—chip power—up reset circuit that is
ideally suited for use in microprocessor
based systems. Whenever the regulator
output voltage is below nominal, the reset
output is held low. A programmable time
delay is initiated after the regulator has
reached its nominal level and upon timeout,
the reset output is released.

Due to the low dropout voltage
specifications, the MC33267 is ideally
suited for use in battery powered industrial
and consumer equipment where an
extension of useful battery life is desirable.
This device is contained in an economical
five lead TO-220 type package.

r-———— - - -
ud |
Vee © I 3 3 + o Regulator
14] < T Output
| ) 4 Thermal | $ 0.913R |
| Shutdown | 4
‘ f 3 eset
| & |
| |
Chipy L {yl 26V " | o Reference
Disable 15| Reference o 16 Output
| T o
| |
Power | | Power
S:ns eC‘ t ‘ g Warning
ik |
| = 1% |
Hysteresis |
Adjust 10 |
|1 |
Noninvirrlt'ijnug: 02: ,iz . '
I ST N , [
Inverting | . f’i _H ) 5 Comparator
input ¢! i/ : Output
| 1
PN AP J
Gnd 4,512,113
_______________________ -
Input i- | Output
C| | O
! I 301 ] s
| | Reference R 20 A <> |
| 125V
| =
|
| o
| Over
| Current
| Detector
l L
b T
Ground O 3
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Voltage Regulator/Supervisory (continued)

Power Management Controller

MC33128D
Ta =—30° to +60°C, Case 751B

The MC33128 is a power management
controller specifically designed for use in
battery powered cellular telephone and
pager applications. This device contains all
of the active functions required to interface
the user to the system electronics via a
microprocessor. This integrated circuit
consists of a low dropout voltage regulator
with power—up reset for MPU power, two
low dropout voltage regulators for
independant powering of analog and digital
circuitry, and a negative charge pump
voltage regulator for full depletion of gallium
arsenide MESFETSs.

Also included are protective system
shutdown features consisting of a battery
latch that is activated upon battery
insertion, low battery voltage shutdown,
and a thermal over temperature detector.
This device is available in a 16—pin narrow
body surface mount plastic package.

GaAs Power Amplifier Support IC

MC33169DTB
Ta = —40° to +85°C, Case 948G

The MC33169 is a support IC for GaAs
Power Amplifier Enhanced FETs used in
hand portable telephones such as GSM,
PCN and DECT. This device provides
negative voltages for full depletion of
Enhanced MESFETs as well as a priority
management system of drain switching,
ensuring thatthe negative voltage is always
present before turning “on” the Power
Amplifier. Additional features include an
idle mode input and a direct drive of the
N-Channel drain switch transistor.

This product is available in two versions,
—2.5 and —4.0 V. The —4.0 V version is
intended for supplying RF modules for
GSM and DCS1800 applications, whereas
the ~2.5 V version is dedicated for DECT
and PHS systems.

* Negative Regulated Output for Full
Depletion of GaAs MESFETs

Drain Switch Priority Management
Circuit

e CMOS Compatible Inputs

o |dle Mode Input (Standby Mode) for
Very Low Current Consumption
Output Signal Directly Drives
N-Channel FET

Low Startup and Operating Current

Vgg CPC
g} SD Vpp Output
_.._l 8
Charge Output 4
| —  Pump CPC
ONPOr | Og— 1ol r |7
Toggle E| 1051 Control |
Logic Negative
Lot 9 I's 0
= utput 4
[ Standoy 2.5V/1.0 mA
| ? Regulator | —eo VIO m
| Low Battery | 157
Shutdown Standby {5y olutput 1
: T Regulator 1 | T 3.0 V/30 mA
I Thermal L1 Output 2
\ L. Standby
[ | Protection Regulator 2 T 3.0V/60mA
| | Output 3
| MPU 114 _30Vi20mA
1 Reference Regufator | T
MPU Power
1 Up Reset FJl'g—’ R Vpp
4= 4 . J
Gni ? 6 12Q Reference Output |1 mpy
= (o]
0
' vss
ES
C3
Vgg Double OEI%_L 1t Vs
+ =0(1_ % + Vee =z @7 tot%'V)
2! 1 | 14
o —4’_"- T J MMSFaNOTHD
Vet 3) B [ Meastgg | GeteDrive Ouput
P e104 I (Voltage Tripler)
. |
Ty Power Priority
Control 9 Managsment |
Input | I RF o D D D _O(F;F
In ut
13 ] | S— | Power Amplifier
oo 21 o Benss 10 T
e Input =
G:zue ’ Sense Input
L Negative |
- | Generator |
| |
[ — - PR |
= G
Vol ¢i= f
P Output —= AMA—4- 3

(-25Vor-4.0V)
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SCSI Regulator
Table 5. SCSI Regulator

Vout Vin
v () )
i) Isink ( Regjine Regjoad Ty Suffix/
Device Min Max (mA) Min Max (%) (%) (°C) Package
MC34268 2.81 2.89 800 3.9 20 0.3 0.5 150 D/751, DT

SCSI-2 Active Terminator Regulator

MC34268D, DT
TJ =0°to +125°C, Case 751, 369A

The MC34268 is a medium current, low dropout positive
voltage regulator specifically designed for use in SCSI-2
active termination circuits. This device offers the circuit
designer an economical solution for precision voltage
regulation, while keeping power losses to a minimum. The
regulator consists of a 1.0 V dropout composite PNP/NPN
pass-transistor, current limiting, and thermal limiting. These
devices are packaged in the 8—pin SOP-8 and 3—pin DPAK
surface mount power packages.

Applications include active SCSI-2 terminators and post
regulation of switching power supplies.

2.85 V Output Voltage for SCSI-2 Active Termination
1.0 V Dropout

Output Current in Excess of 800 mA

Thermal Protection

Short Circuit Protection

Output Trimmed to 1.4% Tolerance

No Minimum Load Required

Space Saving DPAK and SOP-8 Surface Mount Power
Packages

rr—————_ A

Input 0—4 - |
I I |
| P
| |
| |
I Thermal Control + |
[ Limiting Circuit |
| 3 |
| Culr-rem |

imit | Output

l I ]
[ |
| § |
| |
| |
| |
e e —d
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Switching Regulater Control Circuits

These devices contain the primary building blocks which
are required to implement a variety of switching power
supplies. The product offerings fall into three major categories
consisting of single—ended and double—ended controllers,
plus single—ended ICs with on—chip power switch transistors.
These circuits operate in voltage, current or resonant modes

Table 6. Single-Ended Controllers

and are designed to drive many of the standard switching
topologies. The single—ended configurations include buck,
boost, flyback and forward converters. The double—ended
devices control push—pull, half bridge and full bridge
configurations.

These single-ended voltage and current mode controllers are designed for use in buck, boost, flyback, and forward

converters. They are cost effective in applications that range from 0.1 to 200 W power output.

Minimum Maximum
Operating Useful
lo Voltage Oscillator
(mA) Range Operating Reference Frequency TA Suffix/
Max ) Mode (\)] (kHz) Device (°C) Package
500 7.0t0 40 Voltage 5.0+1.5% 200 MC34060A 0to+70 D/751A
(Uncommitted P/646
Drive Output)
MC33060A -40 to +85 D/751A
P/646
1000 421012 Current 1.25+2.0% 300 MC34129 0to+70 D/751A
(Totem. Pole MOSFET P/646
Drive QOutput)
MC33129 —40 to +85 D/751A
P/646
11.51t0 30 5.0+2.0% 500 UC3842A 0to +70 D/751A
N/626
11 to 30 5.0+1.0% UC2842A —251t0 +85 D/751A
N/626
8.2t0 30 5.0£2.0% UC3843A 0to +70 D/751A
N/626
5.0+1.0% UC2843A —25 to +85 D/751A
N/626
11.5t0 30 5.0%2.0% 500 UC3844 0to+70 D/751A
(50% Duty N/626
Cycle Limit)
1110 30 5.0%1.0% uc2s844 —25to +85 D/751A
N/626
8210 30 5.0+2.0% uC3845 0to +70 D/751A
N/626
5.0+1.0% uc2s45 -25to +85 D/751A
N/626
11.5t0 30 5.0+2.0% 500 UC3842B 0to+70 D/751A
(Improved
Oscillator D1/751
Specifications N/626
with
Frequency uC3842BvV —40 to +105 D/751A
Guaranteed D1/751
at 250 kHz)
N/626

3-12
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Table 6. Single-Ended Controllers (continued)

These single—ended voltage and current mode controllers are designed for use in buck, boost, flyback, and forward
converters. They are cost effective in applications that range from 0.1 to 200 W power output.

Minimum Maximum
Operating Useful
lo Voltage Oscillator
(mA) Range Operating Reference Frequency TA Suffix/
Max ) Mode ) (kHz) Device (°C) Package

1000 11 to 30 Current 5.0+ 1.0% 500 uc2842B —25to +85 D/751A

(Totem. Pole MOSFET (Improved D1/751

Drive Output) Oscillator
Specifications N/626

8.2t0 30 5.0+2.0% with uC3843B 0to +70 D/751A

Frequency D1/751
Guaranteed
at 250 kHz) N/626

UC3843BV —40to +105 D/751A
D1/751
N/626
5.0+ 1.0% uC2843B —2510 +85 D/751A
D1/751
N/626

11.5t0 30 5.0+2.0% 500 UC3844B 0to +70 D/751A
(50% Duty D1/751

Cycle Limit)

N/626
UC3844BV —40to +105 D/751A
D1/751
N/626
11 to 30 5.0+£1.0% uc2844B —25to +85 D/751A
D1/751
N/626
8.2t0 30 5.0+2.0% UC3845B 0to +70 D/751A
D1/751
N/626
UC3845BV —40to +105 D/751A
D1/751
N/626
5.0+1.0% uC2845B —25to +85 D/751A
D1/751
N/626

1000 Source 11to 18 5.0%6.0% MC44602 P2/648C
1500 Sink
(Split Totem Pole
Bipolar Drive Output)

2000 9.210 30 Current 5.1+1.0% 1000 MC34023 0to+70 DW/751G
(Totem Pole MOSFET or FN/775
Drive Output) Voltage

P/648

MC33023 —40 to +105 DW/751G

FN/775
P/648
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Table 7. Single-Ended Controllers with On—Chip Power Switch

These monolithic power switching regulators contain all the active functions required to implement standard dc—to—dc
converter configurations with a minimum number of external components.

Minimum Maximum
Operating Useful
lo Voltage Oscillator .
(mA) Range Operating Reference Frequency Ta Suffix/
Max v) Mode ) (kH2) Device (°C) Package
1500 2.5t040 Voltage 1.25 +5.2%(1) 100 uA78S40 0to+70 PC/648
,‘,‘;U;’e‘;"g;;ﬁf,g —40t0+85 | PV/648
1.25+2.0% MC34063A 0to +70 D/751
P1/626
MC33063A —40to +85 D/751
P1/626
—40to +125 D/751
1500 3.0to 65 Voltage 1.25+2.0% 100 MC34165 0to +70 P/648C,
(Uncommitted and DW/751G
Power Switch) 5.05+3.0% MC33165 —401t0 +85
3400 2.5t040 MC34163 0to+70
(Uncommitted
Power Switch) : MC33163 —40to +85
3400(2) 7.5t0 40 5.05+2.0% 72+ 12% MC34166 Oto+70 D2T/936A,
(Dedicated Emitter Internally TH, TV,
Power Switch) Fixed MC33166 —40 to +85 T/314D
5500(3) MC34167 0to +70
(Dedicated Emitter
Power SWitCh) MC33167 —40 to +85

(1) Tolerance applies over the specified operating temperature range.
2) Guaranteed minimum, typically 4300 mA.
(3) Guaranteed minimum, typically 6500 mA.

Table 8. Easy Switcher™ Single—Ended Controllers with On—Chip Power Switch

The Easy Switcher™ series is ideally suited for easy, convenient design of a step—down switching regulator (buck converter),
with @ minimum number of external components.

Minimum
Operating
lo Voltage Oscillator Output
(mA) Range Operating Frequency Voltage Ty Suffix/
Max v) Mode (kHz) V) Device (°C) Package
1000 4.75 to 40 Voltage 52 Fixed 3.3 LM2575T-3.3 —40to +125 T/314D
8.0to0 40 Internal 5.0 LM2575T-5
15 to 40 . 12 LM2575T-12
1810 40 15 LM2575T-15
8.0 to 40 1.23t0 37 LM2575T—-Adj
4.7510 40 3.3 LM2575TV-3.3 TV/314B
8.0 to 40 5.0 LM2575TV-5
15 to 40 : 12 LM2575TV-12
18 to 40 15 LM2575TV-15
8.0 to 40 1.23t0 37 LM2575TV-Adj
4.75 to 40 3.3 LM2575D2T-3.3 D2T/936A
8.0to 40 5.0 LM2575D2T-5
15 to 40 12 LM2575D2T-12
18 to 40 15 LM2575D2T-15
8.0t0 40 1.23t0 37 LM2575D2T-Adj
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Table 9. Very High Voltage Single~-Ended Controller with On—-Chip Power Switch

This monolithic high voltage switching regulator is specifically designed to operate from a rectified ac line voltage source.
Included are an on—chip high voltage power switch, active off-line startup circuitry and a full featured PWM controller with fault
protection.

Maximum
Power Switch Useful
Maximum Rating Startup Feedback Oscillator
Input Max | Operating Threshold Frequency Ty Suffix/
Vps (V) | Ips (mA) ) Mode V) (kHz) Device (°C) Package
500 2000 250 Voltage 2.6+3.1% 1000 MC33362 -25to0 +125 DW/751N,
700 1000 450 MC33363 P/e4sE
700 1000 450 MC33363A

Table 10. Double—Ended Controllers

These double—ended voltage, current and resonant mode controllers are designed for use in push—pull, half-bridge, and
full-bridge converters. They are cost effective in applications that range from 100 to 2000 watts power output.

Minimum Maximum
Operating Useful
lo Voltage Oscillator
(mA) Range Operating Reference Frequency TA Suffix/
Max v) Mode ) (kHz) Device (°C) Package
500 7.0 to 40 Voltage 5.0 +5.0%(1) 200 TL494 0to +70 CN/648
(Uncommitted .
Drive Outputs) 25 to +85 IN/648
5.0+1.5% 300 TL594 0to+70 CN/648
—25to0 +85 IN/648
+ 500 8.0to 40 5.1+2.0% 400 SG3525A Oto+70 N/648
(Totem Pole MOSFET
Drive Outputs) SG3527A N/648
+200 5.0+2.0% SG3526 0to +125(2) N/707
(Totem Pole MOSFET
Drive Outputs)
+1500 9.6 to 20 Resonant 5.1 +£2.0% 1000 MC34066 Oto +70 DW/751G
(Totem Pole MOSFET (Zero
Drive Outputs) Current) Ple4s
MC33066 —40 to +85 DW/751G
P/648
Resonant 2000 MC34067 0to +70 DW/751G
(Zero
Voltage) Pre4s
MC33067 —40 to +85 DW/751G
P/648
2000 9.210 30 Current 5.1+1.0% 1000 MC34025 0to +70 DW/751G
(Totem Pole MOSFET or
Drive Outputs) Voltage FN775
P/648
MC33025 -40to +105 DW/751G
FN/775
P/648

(1) Tolerance applies over the specified operating temperature range.
(2) yunction Temperature Range.
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Switching Regulator Control Circuits (continued)

CMOS Micropower DC-to—-DC Converters
Variable Frequency Micropower DC-to—-DC Converter

MC33463H
Ta =—-30° to +80°C, Case 1213

The MC33463 series -are micropower switching voltage
regulators, specifically designed for handheld and laptop
applications, to provide regulated output voltages using a
minimum of external parts. A wide choice of output voltages
are available. These devices feature a very low quiescent
bias current of 4.0 pA typical.

The MC33463H-XXLT1 series features a highly accurate
voltage reference, an oscillator, a variable frequency
modulation (VFM) controller, a driver transistor (Lx), an error
amplifier and feedback resistive divider.

The MC33463H-XXLT1 is identical to the
MC33463H-XXKT1, except that a drive pin (EXT) for an
external transistor is provided.

Due to the low bias current specifications, these devices
are ideally suited for battery powered computer, consumer,
and industrial equipment where an extension of useful
battery life is desirable.

MC33463 Series Features:
¢ Low Quiescent Bias Current of 4.0 pA

* High Output Voltage Accuracy of +2.5%
o Low Startup Voltage of 0.9 V at 1.0 mA

o Surface Mount Package

ORDERING INFORMATION

Output Operating Package
Device Voltage Type Temperature Range (Tape/Reel)
MC33463H-30KT1 3.0 Int. SOT-89
MC33463H-33KT1 3.3 Switch (Tape)
MC33463H-50KT1 5.0
TA =-30° to +80°C

MC33463H-30LT1 3.0 Ext. SOT-89
MC33463H-33LT1 3.3 Switch (Tape)
MC33463H-50LT1 5.0 Drive

Other voltages from 2.5 V to 7.5 V, in 0.1 V increments are available upon request. Consult your local Motorola

sales office for information.

MC33463H-XXKT1

Lad
srm—-—*v-??rv-—:'m—?vm—]

Vin 12 VO

Vi x Limiter |

¢ o [ {Ouput L
g I(Voltage T
2 lFeedback)=.—

VM |
Controller |™

MC33463H-XXLT1

Vigﬂml
"
»
P kT Terp

34 - 12 VO

3 Output 1
J (Voltage ’[
r i Feedback) =

3-16

MOTOROLA ANALOG IC DEVICE DATA



CMOS Micropower DC-to—DC Converters (continued)

Fixed Frequency PWM Micropower DC-to—DC Converter

MC33466H
Ta =-30° to +80°C, Case 1213

The MC33466 series are micropower switching voltage
regulators, specifically designed for handheld and laptop
applications, to provide regulated output voltages using a
minimum of external parts. A wide choice of output voltages
are available. These devices feature a very low quiescent
bias current of 15 pA typical.

The MC33466H-XXJT1 series features a highly accurate
voltage reference, an oscillator, a pulse width modulation
(PWM) controller, a driver transistor (Lx), an error amplifier
and feedback resistive divider.

The MC33466H-XXLT1 is identical to the
MC33466H-XXJT1, except that a drive pin (EXT) for an
external transistor is provided.

Due to the low bias current specifications, these devices
are ideally suited for battery powered computer, consumer,

and industrial equipment where an extension of useful

battery life is desirable.

MC33466 Series Features:
¢ Low Quiescent Bias Current of 15 pA

High Output Voltage Accuracy of +2.5%
Low Startup Voltage of 0.9 V at 1.0 mA
Soft—Start = 500 us

Surface Mount Package

ORDERING INFORMATION

Output Operating Package
Device Voltage Type Temperature Range (Tape/Reel)
MC33466H-30JT1 3.0 Int. SOT-89
MC33466H-33JT1 3.3 Switch (Tape)
MC33466H-50JT1 5.0
Ta =—30° to +80°C

MC33466H-30LT1 3.0 Ext. SOT-89
MC33466H-33LT1 3.3 Switch (Tape)
MC33466H~50LT1 5.0 Drive

Other voltages from 2.5 V to 7.5V, in 0.1 V increments are available upon request. Consult your local Motorola

sales office for information.

MC33466H-XXJT1

MC33466H-XXLT1
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Switching Regulator Control Circuits (continued)

Single-Ended GreenLine™ Controllers

Mixed Frequency Mode GreenLine™ PWM Controller:

Fixed Frequency, Variable Frequency, Standby Mode

MC44603P, DW
Ta =—25°to +85°C, Case 648, 751G’

The MC44603 is an enhanced high performance controller
that is specifically designed for off-line and dc-to—dc
converter applications. This device has the unique ability of
automatically changing operating modes if the converter
output is overloaded, unloaded, or shorted, offering the
designer additional protection for increased system reliability.
The MC44603 has several distinguishing features when
compared to conventional SMPS controllers. These features
consist of a foldback facility for overload protection, a
standby mode when the converter output is slightly loaded, a
demagnetization detection for reduced switching stresses on
transistor and diodes, and a high current totem pole output
ideally suited for driving a power MOSFET. It can also be
used for driving a bipolar transistor in low power converters
(< 150 W). It is optimized to operate in discontinuous mode
but can also operate in continuous mode. Its advanced
design allows use in current mode or voltage mode control
applications.

Current or Voltage Mode Controller

Operation up to 250 kHz Output Switching Frequency
Inherent Feed Forward Compensation
Latching PWM for Cycle-by—Cycle Current Limiting

L]
L]
L]
o Oscillator with Precise Frequency Control

High Flexibility

¢ Externally Programmable Reference Current
e Secondary or Primary Sensing

¢ Synchronization Facility

¢ High Current Totem Pole Output

¢ Undervoltage Lockout with Hysteresis

Safety/Protection Features

* Overvoltage Protection Against Open Current and Open
Voltage Loop

Protection Against Short Circuit on Oscillator Pin

Fully Programmable Foldback

Soft-Start Feature

Accurate Maximum Duty Cycle Setting
Demagnetization (Zero Current Detection) Protection
Internally Trimmed Reference

e o o o o o

GreenLine Controller: Low Power Consumption in
Standby Mode

Low Startup and Operating Current

Fully Programmable Standby Mode

Controlled Frequency Reduction in Standby Mode
Low dV/dT for Low EMI Radiations

® & o

High Safety Standby Ladder Mode GreenLine™ PWM Controller

MC44604P
Ta =—25° to +85°C, Case 648

The MC44604 is an enhanced high performance controller
that is specifically designed for off-line and dc—to—dc
converter applications.

The MC44604 is a modification of the MC44603. The
MC44604 offers enhanced safety and reliable power
management in its protection features (foldback, overvoltage
detection, soft—start, accurate demagnetization detection).
Its high current totem pole output is also ideally suited for
driving a power MOSFET but can also be used for driving a
bipolar transistor in low power converters (< 150 W).

In addition, the MC44604 offers a new efficient way to
reduce the standby operating power by means of a patented
standby ladder mode operation of the converter significantly
reducing the converter consumption in standby mode.

Current or Voltage Mode Controller

Operation Up to 250 kHz Output Switching Frequency
Inherent Feed Forward Compensation

Latching PWM for Cycle—by—Cycle Current Limiting
Oscillator with Precise Frequency Control

e o o o

High Flexibility

Externally Programmable Reference Current
Secondary or Primary Sensing

High Current Totem Pole Output
Undervoltage Lockout with Hysteresis

e o o o

Safety/Protection Features

Overvoltage Protection Facility Against Open Loop
Protection Against Short Circuit on Oscillator Pin
Fully Programmable Foldback

Soft—Start Feature

Accurate Maximum Duty Cycle Setting
Demagnetization (Zero Current Detection) Protection
Internally Trimmed Reference

GreenLine™ Controller:

¢ Low Startup and Operating Current
¢ Patented Standby Ladder Mode for Low Standby Losses
o Low dV/dT for Low EMI

3-18
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Single—Ended GreenLine™ Controllers (continued)

High Safety Latched Mode GreenLine™ PWM Controller
for (Multi)Synchronized Applications

MC44605P
TA =—25° to +85°C, Case 648

The MC44605 is a high performance current mode o High Current Totem Pole Output
controller that is specifically designed for off-line converters. o Undervoltage Lockout with Hysteresis
The MC44605 has several distinguishing features that make e Low Output dV/dT for Low EMI
it particularly suitable for multisynchronized monitor e Low Startup and Operating Current
applications. .
The MC44605 synchronization arrangement enables Safety/Protection Features
operation from 16 kHz up to 130 kHz. This product was o Soft-Start Feature
optimized to operate with universal ac mains voltage from * Demagnetization (Zero Current Detection) Protection
80V to 280V, and its high current totem pole output makes * Overvoltage Protection Facility Against Open Loop
it ideally suited for driving a power MOSFET. e EHT Overvoltage Protection (E.H.T.OVP): Protection
The MC44605 protections provide well controlled, safe Against Excessive Amplitude Synchronization Pulses
power management. Safety enhancements detect four e Winding Short Circuit Detection (W.S.C.D.)
different fault conditions and provide protection through a o Limitation of the Maximum Input Power (M.P.L.):
disabling latch. Calculation of Input Power for Overload Protection

Over Heating Detection (O.H.D.): to Prevent the Power

Current or Voltage Mode Controlier - : !
' Switch from Excessive Heating

¢ Current Mode Operation Up to 250 kHz Output Switching

Frequency Latched Disabling Mode
* Inherent Feed Forward Compensation « When one of the following fauits is detected: EHT
¢ Latching PWM for Cycle-by—Cycle Current Limiting overvoltage, Winding Short Circuit (WSCD), excessive
* Oscillator with Precise Frequency Control input power (M.P.L.), power switch over heating (O.H.D.),
¢ Externally Programmable Reference Current a counter is activated
 Secondary or Primary Sensing (Availability of Error « If the counter is activated for a time that is long enough,
Amplifier Output) the circuit gets definitively disabled. The latch can only be
* Synchronization Facility reset by removing and then re-applying power
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Switching Regulator Control Circuits (continued)

Very High Voltage Switching Regulator

MC33362DW, P
TJ =-25°to +125°C, Case 751N, 658E

The MC33362 is a monolithic high voltage switching
regulator that is specifically designed to operate from a
rectified 120 VAC line source. This integrated circuit features
an on—chip 500 V/2.0 A SenseFET power switch, 250 V active
off-line startup FET, duty cycle controlled oscillator, current
limiting comparator with a programmable threshold and
leading edge blanking, latching pulse width modulator for
double pulse suppression, high gain error amplifier, and a
trimmed internal bandgap reference. Protective features
include cycle-by—cycle current limiting, input undervoltage
lockout with hysteresis, output overvoltage protection, and

thermal shutdown. This device is available in a 16-lead
dual-in-line and wide body surface mount packages.
e On—Chip 500 V, 2.0 A SenseFET Power Switch
Rectified 120 VAC Line Source Operation
On-Chip 250 V Active Off-Line Startup FET
Latching PWM for Double Pulse Suppression
Cycle-By—Cycle Current Limiting

Input Undervoltage Lockout with Hysteresis
Output Overvoltage Protection Comparator
Trimmed Internal Bandgap Reference

Internal Thermal Shutdown

20 W Off-Line Converter

X
T
AC Input
Startup lnput 1
; T N —3! o [
,Hegulatork, Sl | - :l: 5
Output
utp I i Vee _
! i DC Output
Ui
7 [ ‘ Overvoltage
La‘ | Protection Input.
6 |
Tn

et
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=
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1 i
N Power Switch
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|
|
|
1
> |
|
i
|
I
|
}
|
e

3-20

MOTOROLA ANALOG IC DEVICE DATA



Switching Regulator Control Circuits (continued)

Very High Voltage Switching Regulator

MC33363DW, P, MC33363ADW, P
Ty =-25°to +125°C, Case 751N, 648E
The MC33363 is a monolithic high voltage switching

regulator that is specifically designed to operate from a
rectified 240 Vac line source. This integrated circuit features

e On-Chip 700 V, 1.0 A SenseFET Power Switch

On-Chip 700 V, 1.5 A SenseFET Power Switch in
MC33363A

an on—chip 700 V/1.0 A (1.5 A in MC33363A) SenseFET ¢ Rectified 240 Vac Line Source Operation
power switch, 450 V active off-line startup FET, duty cycle e On—Chip 450 V Active Off-Line Startup FET
controlled oscillator, current limiting comparator with a ¢ Latching PWM for Double Pulse Suppression
programmable threshold and leading edge blanking, latching o Cycle-By—Cycle Current Limiting
pulse width modulator for double pulse suppression, high gain ¢ Input Undervoltage Lockout with Hysteresis
error amplifier, and a trimmed internal bandgap reference. * Qutput Overvoltage Protection Comparator
Protective features include cycle—by—cycle current limiting, o Trimmed Internal Bandgap Reference
input undervoltage lockout with hysteresis, output overvoltage ¢ Internal Thermal Shutdown
protection, and thermal shutdown. This device is available in
a 16-lead wide body surface mount package.
+ -
T
AC Input
= Startup Input O 1
o o . .
| K—:L I +
Regulator ' Mirror l Startup F’-I = } v =
Output ! ] 1 ce -
Emlamm ¢ - Reg | -
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| H F |
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T O
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Switching Regulator Control Circuits (continued)

Critical Conduction SMPS Controlier

MC33364D, D1, D2
Ty =-25°t0 +125°C, Case 751, 751B

The MC33364 series are variable frequency SMPS
controllers that operate in the critical conduction mode. They
are optimized for low power, high density power supplies
requiring minimum board area, reduced component count,
and low power dissipation. Each narrow body SOIC package
provides a small footprint. Integration of the high voltage
startup saves approximately 0.7 W of power compared to
resistor bootstrapped circuits.

Each MC33364 features an on-board reference, UVLO
function, a watchdog timer to initiate output switching, a zero
current detector to ensure critical conduction operation, a
current sensing comparator, ieading edge blanking, and a
CMOS driver. Protection features include the ability to shut
down switching, and cycle—by—cycle current limiting.

The MC33364D1 is available in a surface mount SO-8
package. It has an internal 144 kHz frequency clamp. For
loads which have a low power operating condition, the

frequency clamp limits the maximum operating frequency,
preventing excessive switching losses and EMI radiation.

The MC33364D2 is available in the SO-8 package without
an internal frequency clamp.

The MC33364D is available in the SO-16 package. It
has an internal 144 kHz frequency clamp which is pinned
out, so that the designer can adjust the clamp frequency
by connecting appropriate values of resistancé and
capacitance.

Lossless Off-Line Startup

Leading Edge Blanking for Noise Immunity
Watchdog Timer to Initiate Switching
Minimum Number of Support Components
Shutdown Capability

Over Temperature Protection

Optional Frequency Clamp

® e o o o o o

Line

Restart
Delay +
PWM Vee
Comparator Voo
FB s uLoO
; | Vref Bandgap
Current ngggg g Q UVLO | |Reference Vref
Sense ™ | Blanking Gnd
Watchdog =
Timer
Zero
ZC Det O Gurrent Gate
Detector Thermal F )
] Tl
Clamp
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Special Switching Regulator Controllers

These high performance dual channel controllers are and lower voltage dc-to—dc converters, respectively.
optimized for off-line, ac—to—dc power supplies and dc—to—dc Applications include desktop computers, peripherals,
converters in the flyback topology. They also have televisions, games, and various consumer appliances.

undervoltage lockout voltages which are optimized for off-line

Table 11. Dual Channel Controllers

Minimum Maximum
Operating Useful
lo Voltage Oscillator
(mA) Range Operating Reference Frequency TA Suffix/
Max v) Mode V) (kHz) Device (°C) Package
500 4.0 Voltage 1.25+2.0% 700 MC34270 0to +70 FB/873A
MC34271
+1000 11to0 15.5 Current 5.0%2.6% 500 MC34065 0to +70 DW/751G
(Totem Pole MOSFET
Drive Outputs) P/648
MC33065 —40 to +85 DW/751G
P/648
11t0 20 MC34065 0to +70 DW-H/751G
P-H/648
MC33065 —40 to +85 DW-H/751G
P-H/648
8.41020 MC34065 0to +70 DW-L/751G
P-L/648
MC33065 —40 to +85 DW-L/751G
P-1/648

Table 12. Universal Microprocessor Power Supply Controllers

A versatile power supply control circuit for microprocessor—based systems, this device is mainly intended for automotive
applications and battery powered instruments. The circuit provides a power—on reset delay and a Watchdog feature for orderly
microprocessor operation.

vV
(s)c Key
Regulated Output Reference | Supervisory TA
Outputs Current (mA) Min | Max V) Features Device (°C) Package
E2PROM Programmable 150 peak 6.0 35 2.5+3.2% | MPU Resetand | TCF5600 | —40to +85 707

Output: Watchdog TCA5600
24 V (Write Mode) Circuit
5.0 V (Read Mode)
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Table 13. Power Factor Controllers

Minimum
Operating | Maximum
lo Voltage Startup
(mA) Range Voltage Reference TA Suffix/
Max ) V) ) Features Device (°C) Package
+ 500 9.0 to 30 30 25+1.4% Undervoltage Lockout, MC34261 0to+70 D/751
(Totem Pole MOSFET Internal Startup P/626
Drive Outputs) Timer
MC33261 —40 to +85 D/751
P/626
Overvoltage MC34262 0to +85 D/751
Comparator,
Undervoltage Lockout, P/626
Internal Startup MC33262 | —40to +105 D/751
Timer P/626
1500 9.0to 16 500 5.0+1.5% Off-Line High Voltage MC33368 | —25to +1